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factor may tether it to the enzyme and allow access of the site to nucleotide substrate and 
release of product. The bifunctional DHFR-TS from Leishmania major has an unusual 
charge distribution that could account for channelling of folate cofactors between active 
sites (55). Human TS has been cloned, sequenced, expressed (56,57), and crystallized 
( 58 ). The crystal structure suggests a mechanism for docking of substrates involving the 
pivoting of an active site loop. 

Purified cellular human and rat thymidylate synthases are acetylated at their N-termi
nal amino acids and have a lower specific activity than the corresponding recombinant 
enzymes ( 57). In H35 rat hepatoma cells, TS has been localized to the nucleolar region 
but appears in the cytoplasm when overexpressed (59). TS was also present in the mito
chondria of H35 cells and a small amount of phosphorylated TS was identified. TS binds 
to its own mRNA as a negative regulator (60). This binding requires that TS be blocked 
at its N-terminal position. Elements in the promoter region of the human TS gene have 
been identified and the nuclear factor Spl is a major contributor to promoter activity, but 
other positive and negative regulators have been identified (61). Further studies of these 
modifications and interactions should elucidate the relationship of thymidylate synthase 
to the cell division cycle. 

Accumulation of dUTP and its misincorporation into DNA is a major factor in the cy
totoxicity resulting from the inhibition of TS. dUTPase catalyzes the conversion of 
dUTP to dUMP and therefore acts to counteract the toxic action of dUTP (62). Con
versely, inhibitors of dUTPase should enhance the toxicity of TS inhibitors. X-ray crys
tallographic studies show that the active site of human dUTPase, a trimeric enzyme, 
consists of residues from all three subunits (63). The human dUTPase gene codes for 
both nuclear and mitochondrial isoforms of the enzyme (62). 

3.4 Dihydrofolate Reductase 
In contrast with SHMT (a tetramer) and TS (a dimer), human DHFR is monomeric 

(22 kDa). It catalyzes the reduction of 7,8-H2PteGlun to 5,6,7,8-H4PteGlun (64). The hu
man enzyme has been cloned, expressed, and crystallized (65) and the lH and 15N nu
clear magnetic resonance assignments obtained (66). Again in contrast with SHMT and 
TS, the primary structures of eukaryotic DHFRs are not highly homologous, only 20% 
of the residues of human DHFR are identical to those found in eight other eukaryotic 
DHFRs (64). 

Site-directed mutagenesis studies have led to the production of variants of human 
DHFR resistant to methotrexate (67,68). Current studies in mice are testing the concept 
that cDNA coding for methotrexate-resistant DHFR transduced into bone marrow pro
genitor cells will lead to improved curability of mice bearing a methotrexate-sensitive 
tumor (67,68). 

Folate polyglutamates and antifolate polyglutamates often have a modest two- to 10-
fold enhanced affinity for human DHFR as compared with monoglutamate forms 
(64,69). An interesting exception is 2-desamino-2-methylaminopterin, which has an 
IC50 value greater than 50 µM but the addition of four -y-linked glutamyl residues low
ers the IC50 >200-fold to 0.25 µM (70). 

The cellular synthesis of human DHFR is negatively regulated by the binding of the 
enzyme to its cognate mRNA (71,72). Methotrexate binding to DHFR prevents this in
teraction and promotes DHFR production. 
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Fig. 6. Interconversion of methylene and formyl tetrahydrofolate derivatives. 

The activity of the murine DHFR gene promoter increases at the G 1-S-phase boundary 
of the cell cycle, mediated by a member of the E2F family of transcription factors (73 ). 

4. Cl-THF-SYNTHASE 

C 1-THF-synthase is a homodimeric enzyme complex that occurs in two forms in 
mammalian cells (74). One form is a trifunctional, cytoplasmic, 100 kDa, NADP+ -de
pendent 5, 1 O-CHz-H4PteGlun dehydrogenase-5, 1 O-CH-H4PteGlun cyclohydrolase- lO
CHO-H4PteGlun synthetase (Fig. 6). The three enzyme activities are abbreviated D, C, 
and S for dehydrogenase, cyclohydrolase, and synthetase, respectively. The human tri
functional enzyme has been cloned, sequenced, and expressed (75). The amino-terminal 
34-kDa DC portion of the trifunctional enzyme has been expressed separately and is 
convenient for kinetic studies. The trifunctional cytoplasmic DCS complex is most 
likely necessary to catalyze the incorporation of formate, arising from serine, glycine, 
and methyl groups in mitochondria, into 10-CHO-H4PteGlun for use in purine nu
cleotide synthesis and into 5,10-CHz-H4PteGlun for use in dTMP and methionine syn
thesis (76-78). This role for the trifunctional enzyme is supported by kinetic and 
metabolic studies. 

The second form is bifunctional NAD+ -dependent DC, which is a nuclear-encoded 
34-kDa mitochondrial enzyme. The human and murine bifunctional mitochondrial en
zymes have been cloned, sequenced, and expressed (79). This system has been sug
gested to serve as the source of formyl groups for the synthesis of formylmethionyl 
tRNA required for protein synthesis in mitochondria. Its location in mitochondria is con
sistent with its resemblence to DC enzyme complex found in bacteria (79 ). In contrast 
to the DC portion of the cytosolic trifunctional enzyme complex, it has an absolute re
quirement for Mg2+ and Pi (80). It is proposed that Mg2 + and Pi substitute for the 2' 
phosphate on the adenosine portion of NADPH because it has a 44% amino acid se
quence identity with the DC domain of yeast mitochondrial NADP-dependent trifunc-
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Lional enzyme, the human l'TAD-dependent ::nzyme has a low, ;;Ig2
-c -dependent turnover 

with NADP, and P 1 competes for NADP binding. 
Kinetic studies provide an explanation of the mechanism by which the mitochondrial 

NAD-clependent DC enzyme functions to convert 5,10-CH2-H4PteGlun to lO-CHO
H4PteGlu110 whereas the cytosolic NADP-dependent enzyme functions in the reverse 
direction (78). In the cytosolic system, where the NADPH/NADP ratio is high, the rate
limiting C-reaction is stimulated by NADPH analogs, and presumably by NADPH as 
well, but technical difficulties prevent a direct test. The 10-CHO-H+PteGlun is 100% 
channeled for reduction to 5,10-CHi-H4PteGlu. In mitochondria, the NADH/NAO ratio 
is low, favoring the oxidative reaction and the conversion of 5,10-CHrH4PteGlun to 10-
CHO-H4PteGlu11 which is not stimulated by nucleotides. Both cytosolic and mitochon
drial DC activities are carried out at a single active site. 

In contrast with cytosolic tdfunctional NAOP-dependent OCS, where high activity is 
found widely distributed among various tissues, the NAO-dependent system is usually 
not detectable in most tissues of adult animals, but its cognate mRNA is detectable (81 ). 
NAO-dependent DC activity is found in embryonic tissue and in most all transfonned 
cultured cells. 

The affinity of the DC complexes for folate substrates is not greatly enhanced by 
increasing the polyglutamate chain length. Monoglutamate fom1s function in substrate 
channeling as well as polyglutamates. This contrasts with the fonniminotetrahydrofolate 
transferase-formiminotetrahydrofolate cyclodearninase system involved in histidine 
catabolism, in which affinity and channeling are enhanced with polyglutamate substrates. 

The 1 O-CHO-H4PteGlun synthetase domain of cytoplasmic OCS catalyzes the forma · 
tion of 10-CHO-H4PteGlun from formate and H4PteGlu11 accompanied by the hydroly
sis of MgATP to MgAOP. In contrast with DC activities, S has a very high affinity for 
its polyglutamate substrate. The Km value for H4PteGlu5 for the rabbit liver enzyme is 
0.1 µMand the binding of H4PteGlu11 and MgA TP enhance the binding of formate. The 
activity of S from bacteria and mammals is stimulated by K+ or by NH4 j-, but Na+ and 

u+ have no effect (82). Spermine stimulates S from Lac1obocil111s orabinosus and L. 
casei by lowering the Km of H4PteGlu 1 ( 83 ). This observation is noteworthy because 
spennine reduces the amount of thyrnidine cequired to reverse lhe inhibidon of growth 
of L. arabinosus by aminopterin and other antifolates (84 ). Therefore, spermine might 
play a regulatory role at the formyl levels::; well ns at the methyl level mentioned abo"e. 
Both of i:hese stimulations could benefit growing cells by stimulating rhe formation 1)f 

single-carbon units for methionine, ihymidylate, and purine imcleotide synthesis. 
In vitro kinetic studies with rabbit liver DC3 coupled to SHl'v:IT s11ggesc ihac 1he two 
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th·: "'''~~·:-11 '.<•:•_eptor This 'Nould provide egress of si11gle-carbon units from the eel~ 

Jubr \l!k'-c•rbon pool as well as providing NADPH for reductive reactions (Fig. 6). This 
; uncr10n n::q uires rhe nppropri,1te j uxt::i.position of the NH::i-terminal and COOH-tenninal 
d\.imains provided by the connecting peptide. In addition, the NHrterminal domain cat
alyze<> the hydrolysis of lO-CHO-H4PteGlun to H4PteGlun and formate. This activity, 
1.:ombinecl with that of C 1 THF synthase, leads to a futile cycle for the production and 
reincorporation of formate. The isolated COOR-terminal domain has aldehyde dehy
Jrugenase activity and serves this function in the conversion of lO-CHO-H4PteGlu11 to 
C02 and R+PteGlun by FDR, the 10-CHO group coITesponding to the aldehyde portion 
of formic acid. 

FDH has a very high affinity ( Kct = 20 nM) for both 10-CHO-H4PteGlu5 and 
H4PteGlu5, the latter being the product of both the dehydrogenase and hydrolase activi
ties and a likely product inhibitor (88). Both SHMT and ClTHF synthase discharge 
H4PteGlu5 from FDH, thus FDH could serve as a distribution point for 10-CHO
H4PteGlu5 and H4PteGlu5. 

fo rat and rabbit liver FDR accounts for 1.2% of the soluble protein. This is equivalent 
to a concentration of FDH subunits of 42 µMin vivo (88). Adding this to the concentra
tion of folate-binding sites provided by SHMT plus C 1 THF synthase (26 µM) yields 
68 µM. This reinforces the suggestion that most all the folate coenzymes, whose concen
tration in rabbit liver is estimated at 26 µM, are enzyme bound in vivo especially since the 
estimate of 68 µM for folate-binding sites does not include other folate enzymes or 
GNMT. 

Since the N-terminal portion of FDR shows homology with GARFT, the GARFT in
hibitors DDATHF (5, 10-dideazatetrahydrofolate) and 5, DACTHF (a folate analog lack
ing the tetrahydropyrazine ring) were tested as inhibitors of rat liver FDH ( 89 ). DDATHF 
showed an IC50 of 48 µM but 5-DACTHF showed no inhibition at 340 µM. Polygluta
mate derivatives were not tested, but this work opens the possibility of influencing FDH 
activity, and thus one-carbon metabolism, with folate analogs. In this connection it is of 
interest to consider mice that are totally lacking FDH (90). Although these mice are able 
to grow and reproduce, their breeding time is greatly extended. The liver folates of these 
animals were compared with those of normal mice and 1 O-CHO-H4PteGlu went from 2.8 
nmol/g in normal mice to 7 .3 nmol/g in the FDR-deficient mice, whereas H4PteGlu went 
from 19.0 nmol/g in normals to 4.4 nmol/g in the deficient strain. Levels of 5-CHO
RiPteGlu and 5-CHr~PteGlu were unchanged. These results are compatible with the 
loss of FDH in that the increase in 1 O-CHO-H4PteGlu could be because of diminished 
ability to metabolize the CHO group and the decrease in H4PteGlu could be caused by the 
loss of a major liver H4PteGlu-binding protein. 

6. 5,10-METHENYLTETRAHYDROFOLATE SYNTHETASE 

5.10-methenyltetrahydrofolate synthetase (MTHFS) (formerly 5-fom1yltetrahydrofo
late cyclodehydrase) catalyzes the irreversible MgA TP-dependent conversion of 5-
CHO-H4PteGlu11 to 5,10-CH-H4PteGlu11 (91). As discussed above, 5-CHO-H4PteGlun is 
formed from 5,10-CH-R1PteGlu0 in a reaction catalyzed by SHMT. The reactions cat
alyzed by SHMT and MTHFS therefore constitute a futile cycle (Fig. 6) that is proposed 
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CHO-R+PleGlu11 to the rnajor pathways of one-carbon metabolism and therefofe is a key 
e11zyme in the clinical uses of 5-CHO-H.+PteGlu for prevention of methotrexate toxiciry 
and for enhancing the antitumor activity of fluorouracil. 

Human MTHFS has been cloned, sequenced, and expressed (91,92). It is a cytosolic 
23-kDa protein with little homology to other folate enzymes except for an SLLP se
quence found in most enzymes having 10-CHO-H+PteGlun as a substrate. It is highly ho
mologous to rabbit liver MTHFS which was chemically sequenced earlier (93). Some 
MTHFS has been found in human mitochondria (91 ), but none in rabbit liver mitochon
dria (92), which is surprising because 5-CHO-H4PteGlun is probably formed in vivo by 
rabbit liver mSHMT and would require a mechanism to re-enter the pool of mitochon
drial folate coenzymes. However, folate polyglutamates can leave mitochondria (4), 
which might replace the need for a mitochondrial MTHFS. 

Human cytosolic and mitochondrial MTHFS have similar molecular weights and sub
strate affinities. Both forms show a much higher affinity for 5-CHO-H4PteGlu5 than for 
5-CHO-H4PteGlui, as does the rabbit liver cytosolic enzyme. A cDNA isoform for 
MTHFS encoding a mitochondrial signal sequence has not been reported. 

5-CHO-H4 homofolate (having an additional methylene group between the 9 and 10 
positions of H4PteGlu) is a competitive inhibitor of MTHFS. The Ki values are 0.1 µM 
for the rabbit enzyme (94) and 1.4 µ,M for human cytosolic enzyme (91 ). 5-CHO-H4 ho
mofolate also behaves as a poor substrate for the reaction. The inhibition of MTHFS by 
5-CHO-H4 homofolate in MCF-7 cells provided important evidence that 5-CHO
H4PteGlun inhibits AICARFT in vivo as well as in vitro (49). 

7. GLYCINAMIDE RIBONUCLEOTIDE 
FORMYLTRANSFERASE (GARFT) 

The de novo pathway for purine nucleotide biosynthesis consists of 10 enzyme-cat
alyzed reactions starting from 5-phosphoribosyl-1-pyrophosphate, leading to inosinic 
acid, the precursor of AMP and GMP (95). Two reactions in this pathway, the third and 
the ninth, require 10-CHO-H4PteGlun as a formyl donor: glycinamide ribonucleotide 
formyltransferase and aminoimidazolecarboxamide ribonucleotide formyltransferase 
(AICARFT) (Fig. 7). The gene for mouse and human GARFT encodes a trifunctional 
protein of 110 kDa, the GARFT activity residing in the carboxy-terminal 29-kDa por
tion (96). The other two activities on the trifunctional protein catalyze the second and 
fifth steps on the purine biosynthetic pathway, synthesis of glycinamide ribonucleotide 
and aminoimidazole ribonucleotide, respectively. The genes for both mouse and human 
trifunctional protein have been cloned and expressed and a fully functional 23-kDa hu
man GARFT segment has been expressed as well (95-97). The mouse and human genes 
are very similar. 

10-formyl-5,8-dideazafolate and its polyglutamate derivatives are usually employed 
as substrates in enzymatic studies because they are more stable than the natural substrate, 
10-CHO-H4PteGlu11 • 10-formyl-5,8-dideazaPteGlu6 binds to mouse GARFT 10 times 
more tightly than the monoglutamate (98). These substrate analogs, their deformylated 
products, as well as the corresponding derivatives of the inhibitor, 5-10-dideazatetrahy
clrofolale (DDA Tfff), all bind to the enzyme very tightly with dissociation constants in 
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Fig. 7. Folate enzymes involved in purine nucleotide synthesis. 

the nanomolar range. Therefore Ki values determined under the standard assay condi
tions do not reflect true dissocation constants. These studies (98) also show that the or
der of binding of the folate and GAR substrates is random sequential rather than ordered 
sequential, with the folate substrate binding first as was suggested by studies carried out 
under the standard conditions (97). 

Site-directed mutagenesis studies have identified putative residues for the binding of 
the polyglutamate chain (99 ). These residues are located on the opposite lobe of GARFT 
from that which binds the pteridine portion of the cofactor. The poly glutamate substrate 
therefore appears to span the active site cleft of the enzyme. 

8. AMINOIMIDAZOLECARBOXAMIDE RIBONUCLEOTIDE 
FORMYLTRANSFERASE (AICARFT) 

The ninth and tenth steps on the pathway of the conversion of 5-phospho-ribosyl-1-
pyrophosphate to inosinic acid are catalyzed by a bifunctional protein having AICARFT 
and inosine monophosphate cyclohydrolase (IMPCH) activity, respectively (Fig. 7). The 
human 64-kDa AICARFT has been cloned, sequenced, and expressed and the two ac
tivities have been expressed separately, a 39-kDa carboxy-terminal fragment containing 
AICARFT activity and a 25-kDa amino-terminal fragment containing IMPCH activity 
( 100). Although both AICARFT and GARFT utilize 10-CHO-H4PteGlun as the formyl 
donor, there is very little sequence homology between the two enzymes. However, there 
is a high degree of homology between AICARFT/IMPCH amino acid sequences from 
different sources. 

Polyglutamate forms of coenzymes and inhibitors are more effective with AICARFT 
than the monoglutamate forms. For example, methotrexate plus four glutamate residues 
is more than 2000-fold more inhibitory than methotrexate for AICARFT from MCF-7 
cells with 10-CHO-H4PteGlu1 as substrate (101). With lO-CHO-H4PteGlu5 as substrate, 
however, the methotrexate polyglutamate was only sixfold more inhibitory than 
methotrexate. The true Kct values for folate and antifolate polyglutamates with AICARFT 
have not been detennined as they have for GARFT (98). 10-CH0-5,8,10-trideazapteroic 
acid ( 102) is reported to be an effective inhibitor of human AICARFT ( 103). 
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9. METHIONYL tRNAret FORMYLTRANSFERASE 

In animal mitochondria and in prokaryotes, the initiation of protein synthesis utilizes 
formyl tRNAret ( 104). The tRNAret formyltransferase of animal mitochondria has not 
been studied extensively. 10-CHO-H4PteGlun is the formyl donor for the reaction for the 
E. coli enzyme which has a strong structural resemblence to E. coli GARFT (105). An 
alternative system to initiate protein synthesis in mammalian mitochondria must be 
available since cultured cells grow in folate-free RPMI 1640 medium supplemented with 
thymidine and inosine. The human dietary requirement for folate therefore results from 
in vivo metabolite deficiencies. 

10. FORMIMINOTRANSFERASE-CYCLODEAMINASE 

The two activities of this protein serve to catalyze the conversion of the formimino 
group, arising as formiminoglutamic acid in histidine catabolism, to formimino 
~PteGlun and then to 5,10-CH-~PteGlun· The porcine enzyme has been cloned, se
quenced, and expressed (106). It is a 480-kDa tetramer of dimers that channels 
formiminoH4PteGlu5 between the formiminotransferase and cyclodeaminase sites. Both 
activities require the formation of specific subunit interfaces ( 107). 

11. GLYCINE CLEAVAGE SYSTEM 

The glycine-cleavage system is a tetrafunctional enzyme complex found in mito
chondria that converts glycine to C02, NH3, and 5,10-CHrH~teGlun (37,40). In the 
first step, P-protein, a pyridoxal phosphate enzyme, catalyzes the decarboxylation of 
glycine to C02 and an enzyme-bound methylamine group. In the second step, the en
zyme-bound methylamine is transfered to lipoic acid (S-S) attached to H-protein. Dur
ing this transfer, the lipoic acid is reduced to the SH level with the methylamine group 
still attached. In the third step, T-protein catalyzes the conversion of the attached methy
lamine to NH3 and 5,10-CHz-H4PteGlun. The fourth step, the reoxidation of reduced 
lipoic acid by NAD is catalyzed by L-protein, which is dihydrolipoyl dehydrogenase, an 
enzyme shared among several mitochondrial a-keto acid dehydrogenases ( 108, 109 ). 
The four protein components, P,H, T, and L can be separated from one another by molec
ular-sieve chromatography. 

The glycine cleavage system is the principle route for the catabolism of glycine in 
mammals and the system is stimulated by glucagon in rat hepatocytes ( 110 ). Metabolic 
leisons in the glycine cleavage system are associated with nonketotic hyperglycinemia, 
a condition causing severe neurological symptoms in neonates ( 11 l ). It is suggested that 
the glycine cleavage system plays a role in regulating glycine levels near N-methyl-o
aspartate (NMDA) receptors in the central nervous system ( 112) that contain a glycine
:;pecific site. Deficiency of the glycine cleavage system leads to increased levels of 
o-sro;rine in mammalian brain. o-serine occurs naturally in mammalian brain and binds to 
,:i.-" ~:belne cite of NMDA receptors ( 112) . 
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These two mitochondrial enzymes provide a pathway for the conversion of the 
methyl groups of choline, betaine, and methionine to 5,10-CHrH4PteGlun. Both rat 
liver enzymes contain covalently bound FAD, have kDa values near 100 and, as iso
lated, contain H4PteGlu5 ( 113 ). Whereas sarcosine dehydrogenase is very specific for 
sarcosine, dimethylglycine dehydrogenase shows activity with many N-methyl com
pounds including sarcosine ( 113 ). In the absence of H4PteGlun or if the folate site is 
blocked chemically, both enzymes continue to oxidize methyl groups unabated, yield
ing free formaldehyde stoichiometrically ( 114, 115 ). Dimethylglycine dehydrogenase 
from rat liver and from rabbit liver bind both H4PteGlu1 and H4PteGiu5 very tightly 
with Kd values< 1 µM (44,115). Rat liver dimethylglycine dehydrogenase has been 
cloned ( 116). The enzyme is present in highest amounts in liver and kidney, but low 
levels are found in many tissues (117). FAD spontaneously binds covalently to rat 
dimethylglycine dehydrogenase and this binding aids in protein folding and mito
chondrial import ( 118). Sarcosinemia is found in mice lacking sacrcosine dehydroge
nase (119). 

13. FOLYLPOLY--y-GLUTAMATE SYNTHETASE 

Folylpoly-'Y-glutamate synthetase (FPGS) catalyzes the MgATP and K+-dependent 
attachment of glutamate residues to the 'Y-position of folates and folate analog (4). Cells 
lacking this enzyme cannot retain folates after their transport through the cell membrane 
and therefore cannot grow. FPGS activity in cells controls the level of folate polygluta
mates in cells as well as the glutamate-chain length. Most folate enzymes have a higher 
affinity for polyglutamate forms of folate coenzymes and folate analogs. FPGS is found 
in the mitochondria and in the cytosol. Mitochondrial folate accumulation and cytosolic 
folate accumulation require the activity of mFPGS and cFPGS, respectively. However, 
pteroyltriglutamates synthesized in mitochondria can move to the cytoplasm and func
tion there, whereas the reverse does not occur, indicating a unidirectional flow of mito
chondrial folate triglutamates. Cells lacking mFPGS can synthesize thymidylate and 
purine nucleotides in the cytoplasm but require glycine for growth. Cells lacking cFPGS 
require thymine and purines for growth (methionine is routinely added to tissue-culture 
media) because the mitochondrial Glu chain lengths are longer than three and cannot 
pass into the cytosol. FPGS activity is increased in proliferating tissues and activity as 
well as mRNA levels increase after mitogen stimulation and decline during differentia
tion. 

'n1e 60-kDa human FPGS has been cloned, sequenced, and expressed. A single gene 
with an alternative splice site codes for cytosolic and mitochondrial FPGS, the mito
d1ondriaJ transc1ipt coding for a 42-residue amino-terminal leader sequence ( 120-123 ). 
H;PteGlun and I O-CHO-H4PteGlu11 are much better substrates than the corresponding 
PteGJu. 5-CHO-H4PteGlu. and 5-CH3-H.1PteGlu derivatives ( 121 ). Thus, under concli
tions in which methionine synthase activity is low, 5-CHrH4PteGlu 1 the major circu
hting form nf folare produced in the liver is poorly polyglutarnybted and is not retained 
llh.~r eme-ring cells, leading to folace coenzyme deficiency. 
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Lowered expression of FPGS is associated with resistance to polyglutamylatable an
tifolates (124). 

14. GLUTAMYL HYDROLASE 

)'-Glutamyl hydrolase (GH) catalyzes the hydrolytic cleavage of )'-linked polygluta
mates ( 125). A role for GH in regulating the levels of ptereoylpolyglutamates in cells is 
indicated since cells expressing high levels of this enzyme show resistance to the poly
glutamylatable antifolate DDATHF (126,127). The levels of methotrexate polygluta
mates in human blast cells in vivo can be related to their sensitivity to treatment with 
methotrexate (128). The extent of accumulation of methotrexate polyglutamates has 
been attributed to the relative activities of FPGS and GH ( 129). 

The gene encoding human GH has been cloned, sequenced, and expressed ( 130). The 
35-kDa protein product has four potential asparagine-containing glycoyslation sites and 
is a glycoprotein when purified from tissues. Human GH shows 74% homology with rat 
GH. However the two enzymes show a different pattern of poly glutamate products with 
4-NHr 10-CH3PteGlu5 as a substrate. Human GH behaves like an exopeptidase, yield
ing a series of products containing from one to four Glu residues, whereas the rat enzyme 
is an endopeptidase yielding 4-NHrlO-CH3PteGlu1 (methotrexate) as the product. GH 
is found in lysosomes that have a transport system for methotrexate polyglutamates 
( 131). GH is also excreted from tumor cells (132). Prostate-specific membrane antigen 
has GH activity ( 133 ). 

15. CONCLUSIONS 

Advances in studies of the genes encoding folate enzymes are empowering investi
gators with knowledge of the expression of these genes in specific tissues, and tumors, 
during the cell cycle and during development. Further development of mathematical 
models of folate and antifolate transport and metabolism will aid in predicting the con
sequences of inhibiting a given enzyme or combination of enzymes. The interaction of 
folate enzymes with messenger RNA, the phosphorylation of TS, the potential role of 
polyamines as regulators, mechanisms of antifolate-induced apoptosis, and levels of 
DNA methylation are examples of exciting phenomena that could aid the understanding 
of antifolate selectivity. We eventually should be able to address such problems as: 

I. Why do the target cells involved in methotrexate treatment of psoriasis or of rheumatoid 
arthritis not become resistant to methotrexate? 

2. What is the metabolic basis of methotrexate selectivity in the treatment of choriocarci-
noma? 

3. What is the metabolic basis of the effect of diurnal rhythms on antifolate sensitivity? 
4. What is the basis of lipophilic, nonpolyglutamylatable antifolate antitumor selectivity? 
5. Why is methotrexate toxic to the liver where cells are not dividing? 
6. What folate system is pa1ticularly sensitive to folate deprivation in the genesis of neural 

tube defects? 
!. How can agents superior to methotrexate be designed bcised on knowledge of folate a11d 

:1111ifo!ate metabolism, .;;nzymes, and pharmacology? 
3. '-\f;::: 1hi~~ .. ~ 1~G 1T~bj11nlions \~{ fol0,i.17'S nnd 211:~ifc·!:~tes 1h)t ~;in r11ai1u1in 1"'-1ic-to>

~Jf'Jv-:: nrleC11·11I_ 
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subsequently identified as folic acid, proved to be effective in 
<: 

anem
ia o

f pregnant w
om

en in India (W
ills et al., 

1937). 
· .:1:0 fr1la1.:" sm

dies begin. F
olates are synthesized by plants, and folic acid 

.ir:t i:.oim
ed from

 spinach (M
itchell et al., 1941). M

any bacteria, including 
<:u!L ab

o
 sym

hesize folates, but others such as Lactobacillus casei, 
and P

ediococcus cerevisiae resem
ble anim

als in having a 
,\i·sw

l "ei:iciirem
em

 
fo

r folates. 
M

icrobial and anim
al m

odels w
ere vital in 

•he nature nnd m
etabolic significance o

f these substances. 
dei<va1ives are coenzym

es for the transfer, oxidation, and reduction o
f 

w" 
1m

ii.s use,i for th
e biosynthesis o

f thym
idylate, purine nucleotides, 

d1i.:>
11irie. sei"ine. 

glycine, and m
any other com

pounds (B
lakley, 1969). In 

:', 1 
l'oiar<Cs play a structural role in som

e bacteriophages (K
ozloff et al., 

' .me! ",z:«v1: as chem
oattractants in slim

e m
olds (D

eW
it et al., 

1983) and 
,· ·,r1ccf£1m

 !D
iN

allo e
t al .. 1982). 

has alw
ays been closely associated w

ith the developm
ent 

·~hemotherapeutic agents. S
ulfonam

ides block the biosynthesis o
f 

: .. el.,;•:tively inhibit the grow
th of m

any m
icroorganism

s (W
oods, 

·1
, '«k1h,.tr\:: .. ate <Johns and B

ertino, 1982) and trim
ethoprim

 (H
arvey, 1982; 

"'"'·,~: ... 
i 'i::;J • block folate coenzyrne m

etabolism
 and are useful antitum

or 
l 

<iJi ;n;icr-.rb,a! agents. respectively. 
is a sam

pling o
f the m

any review
s, m

onographs, and sym


<\1.:,,1 
V

<
llum

v:i available in this area: 
W

olstenholm
e and C

am
eron (1954), 

1:i,; 
195''1-L R

abinow
itz 0960), H

uennekens (1968), B
lakley (1969), B

er
R.1d<:f :ind H

uennekens (1973), P
fleiderer (1975), B

roquist et al. 
; 1nd R

eynolds 0
9

7
9

), K
isliuk and B

row
n (1979), K

isliuk (1981), 
£J. • 1983), and B

lair (1983). T
his chapter em

phasizes developm
ents 

,,,_ 
, enzyn1('logy, and m

etabolism
 o

f folate coenzym
es. 

U
. 

C
hem

istry 

"<>'l':iui-.: ,_.r I-t,P
<eG

lu (tetrahydrofolate) is show
n in Fig. 1. It consists of a 

d·.·--!-o:.y-':i-•m
:thykneterrahydropteridine linked to p-am

inobenzoic acid, 

T
H

E
 B

IO
C

H
E

M
IS

T
R

Y
 O

F
 FO

L
A

T
E

S 

H
 

Hz~~y~Hz 
10 0 

~ H
 C

O
O

H
 

H
N
~
~
f
t
H

2 -N-
'/ 

\; -C
-N

-¢
H

 

~Hz 

8 
~1 

R
2 

-
~~;__l-~-g~oH ] 

<rH2 
H

 ((O
O

H
 

C
O

-
-N

·C
H

 
n 

¢H
2 

C
H

2 
C

O
O

H
 

F
m

. I. 
Structure o

f tetrahydrofolic acid w
ith 1-linked glutam

ic acid residues attached . 

... ;) 

w
hich is in tum

 linked to the a-am
ino group o

f L
-glutam

ate. T
he single-carbon 

units either are carried on the N
-5 or N

-10 position, or form
 a bridge betw

een 
N

-5 and N
-10 (T

able I). T
hese single-carbon units are found at three levels o

f 
oxidation corresponding to form

ic acid, form
aldehyde, or m

ethanol. 
D

erivatives o
f H

4 P
teG

lu are easily confused because o
f their sim

ilar nam
es 

T
A

B
L

E
 I 

T
E

T
R

A
H

Y
D

R
O

F
O

L
A

T
E

 
D

E
R

IV
A

T
IV

E
S

 

O
xidation level of 

N
am

e (see Fig. I for structure) 
R

' 
R

2 
A

bbreviation 
single-carbon unit 

5,6,7 ,8-T
etrahydrofolate 

H
 

H
 

H
4PteG

lu
0 

5-M
ethyl 5 ,6, 7 ,8-tetrahydro-

C
H

3 
H

 
5-C

H
3 -H

4 P
teG

lu 
M

ethanol 
folate 

5-Form
yl 5,6, 7 ,8-tetrahydro-

C
H

O
 

H
 

5-C
H

O
-H

4 PteG
lu 

Form
ate 

folate~ 

5-F
orm

im
ino-5,6,7,8-tetra-

H
C

 
N

H
 

H
 

C
H

N
H

-H
4 PteG

lu 
Form

ate 
hydrofolate 

10-Form
yl 5,6,7,8-tetra-

H
 

C
H

O
 

10-C
H

O
-H

4 P
teG

lu 
F

orm
ate 

hydrofolate 
N

-5
-N

-1
0

 B
ridge form

s 
5,10-M

ethylene 5,6,7,8-tetra-
-C

H
2

-
C

H
2 -H

4 PteG
lu 

F
orm

aldehyde 
hydrofolate 

5,10-M
ethenyl 5,6,7,8-tetra-

-
C

H
-

C
H

-H
4 PteG

lu 
F

orm
ate 

hydrofolate 
O

xidized form
s 

7 ,8-D
ihydrofolate 

/j,5
,6

 
H

2PteG
lu 

Folate 
1:i.s.6 and A

_7.8 
P

teG
lu 

6Pte, 
Pteroic 

acid, 
or p-[(2-am

ino-4-hydroxy-6-pteridylm
ethyl)am

ino]benzoic 
acid. 

T
he 

total 
num

ber o
f glutam

ate residues is indicated by a subscript; that is, H
4 P

teG
lu

3 (Fig. 
I) denotes 

tetrahydropteroyl triglutam
ate. 

hA
lso called folinic acid, leucovorin, citrovorum

 factor, o
r C

F. 

~
 .... 

=
 l.O

 

"""" 
in

 
0 

N
 

0 
0 

I 
"O

 
N

 

=
 0 

~
 

0 
rJl .... ...... 

... .c 
. .. -= ~ ~ 
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i•:'f!'ahydrofolate, m
ethylene tetrahydrofolate, and m

ethyl tetra
:.: ,;'"''t•i::z,e) <.!!ld 

because the oxidation level of the single-carbon unit is n
o

t 
inH11·~diatdy 

obvious. 
F

or exam
ple, 

in 5-C
H

O
-H

4 P
teG

lu 
the form

yl 
'"

 l111C· o:; idation level o
f form

ic acid
, w

hich is both a carboxylic acid and 
d<~. \IV hen the elem

ents o
f w

ater are rem
oved on attachm

ent o
f form

ic 
.~ H

,P
tl"G

lo. only the C
H

O
 portion is attached. S

im
ilarly, the m

ethylene 
c>fCI-l.:;.·H

_
1 P

teG
lu is at the oxidation level o

f form
aldehyde (tw

o m
olecules 

,,,·""'""·:"rem
oved from

 form
aldehyde hydrate), and the m

ethyl group o
f 5-C

H
 -

f:'t,;·G
!u is at the oxidation level o

f m
ethanol. 

3 

>:>rnG
w

. 
l-l~PTEGLu, 

A
N

D
 H

4 P
'rnG

L
u 

··"·"' '"'"" P
tcG

lu. in w
hich the pyrazine ring is arom

atic, is active as a vi
i:: not l:now

n to have a role as a coenzym
e and is probably an artifact o

f 
•b

k.n
 p1•.>cedure. T

he know
n pathw

ay for the biosynthesis o
f folates leads 

"<
itht"1· than P

teG
lu (S

ection IV
). X

-ray diffraction studies o
f crystals 

f'1,~Glu nvlaH
rupuolo et al., 

1980) show
 that the C

-4 and N
-10 atom

s are o
n

 
02nw

 ski\':' o
f ihe m

olecule, hydrogen-bonded to the sam
e w

ater m
olecule. 

\;11.;1·1fa>lecufar srncldng occurs betw
een the pteridine and phenyl rings in the 

nw
t"'rbl nnd in solution (P

astore, 1971). S
tacking interactions are not 

· ·bc,o;r"~d w
ith 5-C

1iO
-H

4 P
teG

lu (P
astore, 1971) or H

4 P
teG

lu (P
oe and H

oogs-
g,,7._; 1 in solution. 

l·J2 Pt(·G
h.1 is n:D

dily prepared from
 P

teG
lu b

y
 treatm

ent w
ith dithionite (F

utter
n:"'· 

JS•~i7; 
B

lakley, 
1960a; F

riedkin et al., 
1962; K

aw
ai and S

crim
geour, 

:>r(•ton N
~
J
R
 studies show

 conclusively that the structure o
f H

2 P
teG

iu 
in 

this m
rnm

er is 7,8-H
2 P

teG
lu (P

astore et al., 
1963). H

4 P
teG

lu is 
j)f,cJM

'ed from
 PteG

iu by catalytic hydrogenation (O
'D

ell et al., 1947; 
. l 95 I: B

b
kle

y, 1957; K
isliuk, 1957; R

abinow
itz, 1960), w

hich leads 
•l'1

\lU
1

\: 
o

f diasiereoisom
ers at C

-6
 (S

ection Il,F
). 

B
oth H

2 P
teG

lu and 
Hr,:-

labile to oxygen, the latter being m
ore senfiitive (C

hippel and 
. l 9701. D

epending on conditions, H
4 P

teG
lu m

ay cleave betw
een the 

;~nd H
I-positions •:ir m

ay be oxidized to
 P

teG
lu. 2-M

ercaptoethanol (M
athew

s 
>rki l-!u1;nnek<."ns. 

1%
0) o

r ascorbate (B
akennan, 1961) is com

m
only added to 

c•A
t•dc·ib C•f fobiie 

reduced folates to retard oxidation. 
2-M

ercaptoethanol is 
vsc:d in enzym

e assays, and ascorbate is used in m
icrobiological assays. 

\-. 
'.>-C

l-!0-H
)?'TE

G
LU

. C
H

-H
4 P

rnG
L

U
, 

A
N

D
 10-C

H
O

-H
4 P

rE
G

LU
 

T
!k

rc 
<i>'e ihre.: com

m
on derivatives o

f H
4 P

teG
lu in w

hich the single-carbon 
u

•n
 

''" 1he n\idnrion Jevel o
f form

ic acid. T
hey are 10-C

H
O

-H
4 P

teG
lu, 5-

-:'HC1-:-1 f1e;(ilu. ~nd C
H

-H
4 P

teG
iu. T

he last-nam
ed derivative, C

H
-H

4 P
teG

lu, 
b(· ;•rqxired by dissolving H

4 P
teG

lu in fonnic acid (R
ow

e, 1971) o
r by 

P1eG
ln in form

ic acid to form
 10-C

H
O

-P
teG

lu (G
ordon et al., 1948), 

f, ,j!.,,,,:,: by cat:}!ytic hydrogenation in fo1m
ic o

r acetic acid (R
abinow

itz, 1960). 

T
H

E
 B

IO
C

H
E

M
IS

T
R

Y
 O

F
 F

O
L

A
T

E
S

 
5 

C
H

-H
4 P

teG
lu, 

w
hich 

is 
oxygen 

labile, 
is 

converted 
to 

the stable 
5-C

H
O


H

4P
teG

lu b
y

 heating under reducing conditions (P
ohland et al., 

1951; R
oth ei 

al., 
1952; 

T
em

ple et al., 
1979). 

C
H

-H
4 P

teG
lu 

is 
converted 

to 
lO

-C
H

O


H
4P

teG
lu by incubation at pH

 8
.0

 (R
ow

e, 1971). T
his reaction has been studied 

in detail (R
obinson and Jencks, 1967; R

obinson, 1971). B
y

 bringing the pH
 to

 3, 
one can convert both lO

-C
H

O
-H

4 P
teG

lu and 5-C
H

O
-H

4 P
teG

lu to C
H

-H
4 PteG

lu 
{R

abinow
itz, 1960). 

5-C
H

O
-H

4 P
teG

lu, a stable derivative of H
4 P

teG
lu, has been isolated from

 
liver (S

auberlich and B
aum

ann, 
1948; K

eresztesy and S
ilverm

an, 
1951) and 

played a key role in the discovery that the enzym
atically active form

 o
f P

teG
lu

 is 
H

4 P
teG

lu. A
lthough 5-C

H
O

-H
4 P

teG
lu is an effective precursor o

f H
4 P

teG
lu in 

m
any biological system

s (G
oldin et al., 1954; B

lakley, 1969), a role for 5-C
H

O


H
4P

teG
lu in norm

al m
etabolism

 has n
o

t been dem
onstrated. B

ecause it is fom
1ed 

from
 the know

n m
etabolite 10-C

H
O

-H
4 PteG

1u on heating tissue extracts (W
it

tenberg et a
l., 1962), the tissue levels reported in heat-treated extracts are not 

accurate. The best evidence that 5-C
H

O
-H

4 P
teG

lu m
ay play a role in nonnal 

m
etabolism

 is the existence of the enzym
e 5-C

H
O

-H
4 P

teG
lu cyclohydrolase, 

w
hich catalyzes the A

T
P

-dependent conversion o
f 5-C

H
O

-H
4 PteG

lu to C
H


H

4PteG
iu (S

ection V
II,A

,12). 
A

 
sim

ple 
chem

ical 
procedure 

for 
the 

synthesis 
o

f 
radioactive 

5-C
H

O


H
4P

teG
lu o

f high specific activity h
as been described (M

oran and C
olm

an, 
1982). 

It has been show
n by N

M
R

 studies that there are tw
o interconvertible form

s o
f 

5-C
H

O
-H

4 -P
teG

lu in solution resulting from
 hindered rotation o

f the C
H

O
 group 

about the C
-N

 bond (P
astore and W

illiam
son, 1968). In

 the favored fonn rhe 
C

H
O

 carbonyl is oriented tow
ard H

-6 o
f the tetrahydropyrazine ring (F

eeney et 
al., 1980; P

oe and B
enkovic, 1980). 

D
. 

C
H

2 -H
4 PrE

G
L

u 

C
H

2 -H
4 P

teG
lu is prepared by m

ixing form
aldehyde and H

4 P
teG

lu (K
isliuk, 

1957; B
lakley, 1960b; K

allen, 1971). It is relatively stable in
 alkaline solution 

but is labile under neutral o
r acid conditions (O

sborn et al., 1960). T
he m

echa
nism

 o
f the reaction o

f form
aldehyde w

ith H
4 P

teG
lu has b

een
 studied b

y K
allen 

and Jencks (1966b) and B
enkovic (1980). 

C
H

2 -H
4 P

teG
lu is readily reduced b

y N
aB

H
4 to 5-C

H
3 -H

4 P
teG

lu (S
akam

i and 
U

kstins, 1961; K
eresztesy and D

onaldson, 1961; G
upta and H

uennekens, 1967; 
B

lair and 
S

aunders, 
1970), 

w
hich 

is 
m

ore 
stable 

than 
H

4 PteG
lu. 

5-C
H

3
-

H
4P

teG
lu can b

e oxidized to 5-C
H

3 -5
,6

-H
2 P

teG
lu, a com

pound readily reduced 
to the stru:!ing com

pound b
y treatm

ent w
ith 2-m

ercaptoethanoJ (L
arrabee et al., 

1961; D
onaldson and K

eresztesy, 1962). 5-C
H

3 -H
4 P

teG
lu is inactivated as a 

grow
th factor in 

tissue culture m
edium

 under conditions 
in w

hich 5-C
H

O


H
4P

teG
lu is stable (F

ujii, 1981). T
he m

echanism
 o

f this inactivation is unknow
n. 
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'~;-!_-+t.Pre.Glu has been synthesized (G
upta and H

uennekens, 1967), b
u

t it 
-~ '"-'' Lnc•w11 ro have a role in m

etabolism
. 

\:,"> :j,T
E

 P
c
•L

Y
G

L
U

T
A

M
A

T
E

S
 

F,Jr:!k''S 
ai-.c· 

;·ovnd in tissues in 
the 

fo
n

n
 o

f poly-y-glutam
yl derivatives o

f 
s!utm

ny! chain lengths (S
ection V

III,B
). F

olate polyglutam
ates are m

ost 
prep::ired by the procedure o

f K
rum

dieck and B
augh (1969), w

hich em
-

s <'• 111odification o
f the M

e1rifield solid-phase peptide synthetic m
ethod. T

his 
leuds to P

teG
lu,,, 

w
hich can be converted to reduced m

etabolites by 
analogous to those used for the corresponding P

teG
iu

1 derivatives 
'1Vlwh1ow~ and 

B
augh, 

1980; K
isliuk et al., 

1981). P
teG

lun have also been 
by solurion chem

istry (G
odw

in et al., 1972; G
oldm

an et al., 
1983). 

D
in

S
T

E
R

E
O

!S
O

M
E

R
S

 O
P

 H
4

P
T

E
G

L
U

 

c«)lltains an asym
m

etric center at C
-6 o

f the tetrahydropyrazine ring 
,,n,J im

other ut the C
<-carbon of the L

G
lu residue (F

ig. 
l). T

he configuration at 
1• '-ti icrt1J1d in 1iam

rnlly o
ccu

n
in

g
 H

4 P
teG

1u derivatives has the H
 at C

-6 pointing 
i';:("i! th•:: pl<Jne of ihe paper if H

4 P
teG

iu is depicted as in F
ig. 1 (F

ontecilla
=

 ;irnp0 
,?/ .. l'JJ9). In H

..iPteG
lu this is the S

-configuration, as determ
ined b

y
 

1 1'1
t' •::':;ho. ingvld. and P

relog conventions (B
entley, 1969). H

ow
ever, w

hen the 
1-: 

c"!< N
-JO

 
[c-, c,ubstituted 

w
ith C

 as in
 C

H
2 -H

4 PteG
1u, C

H
-H

4 PteG
1u, 

o
r 10-

C
l-lC

L
l-t,PreG

lu. the naturally occurring configuration at C
-6 is designated R

. In 
11'.i.~ 

tho term
s natural and unnatural are used to designate the respective 

"°~ t :1;-:1 ·:: ~'t~~)isnn1ers. 

T
he natural c!iasi_ereoisom

er at C
-6

 o
f H

4 P
teG

lu and its corresponding poly-')'
form

::, cim
 be prepared from

 the corresponding H
2 P

teG
lu derivatives 

h
i:\D

P
H

 and dihydrofolate reductase (M
athew

s and H
uennekens, 1960; 

.i-
i•l11.11 

,_-r ,,f .. 
19811. T

he unnatural diastereoisom
er at C

-6
 can

 be prepared by 
reduction 

o
f PceG

lu,, 
to 

form
 

the 
m

ixture 
o

f diastereoisom
ers 

o
f 

follow
ed b

y conversion o
f th

e natural form
s to H

zI>teG
lu,, using the 

. 
synihase reaction (K

isliuk et al., 
1974). H

2 P
teG

lu" and the un-
n,•u1r:1! di.'.lsrcr•x1is0m

ers C
H

2 -H
4 P

teG
lu,, are then separated by D

E
A

E
-cellulose 

d1r.:•'w
11ngrnphy. 

T; ·,~ 
01::m

m
ll 

diastereoisom
er o

f I O
-C

H
O

-H
4 P

teG
lu3 can

 be prepared from
 

Im
m

 11cidi-urici and converted to H
4 P

teG
lu

3 by arsenolysis catalyzed by 
l•i.;-:-i+-:J-H

_J>teG
lu synthetase (C

urthoys and R
abinow

itz, 1972). T
his enzym

e 
1!::-0 u~·ed 

[t) synthesize the natural diastereoisom
er o

f C
H

-H
4 P

teG
iu

1
• 

IJ<1s1e
1·eoisom

er;; o
f 5-C

H
O

-H
4 P

teG
lu can be resolved by fractional crystal

er a
l., 

1981; T
em

ple e
t a

l., 1981). D
iastereoisom

ers o
f C

H
2

-

an: separared b
y D

E
A

E
-cellulose chrom

atography (K
aufm

an et al., 
i' 111.': M

'xw
itz. et i!l., 

1969). w
hereas the corresponding diastereoisom

ers o
f 

:iu are not. T
he probable reason for this difference in

 behavior is that the 

T
H

E
 B

IO
C

H
E

M
IS

T
R

Y
 O

F
 F

O
L

A
T

E
S

 
7 

N
-5

-N
-1

0
 m

ethylene bridge holds the asym
m

etric center at C
-6 and that at the 

carbon o
f L

G
lu 

in a fixed relationship to one another as com
pared w

ith the 
situation involving H

4 P
teG

iu. E
vidence for this view

 is provided b
y

 N
M

R
 stud

ies. T
he tetrahydropyrazine ring o

f H
4 P

teG
lu exists in solution as 

an equal 
m

ixture o
f tw

o half-chair form
s (P

oe and H
oogsteen, 1978; F

urrer et al., 1978), 
w

hereas C
H

2 -H
4 P

teG
lu has but o

n
e half-chair conform

ation (P
oe er al. , 1979b). 

C
H

-H
4 P

teG
!u also exists in a half-chair conform

ation (K
halifa et al., 

1979). 
X

-ray crystallographic studies show
 the differing relationships betw

een the 
tw

o asym
m

etric centers in the diastereoisom
ers o

f C
H

-H
4 P

teG
iu (Fig. 2) (F

on
tecilla-C

am
ps et al., 1979). W

hereas the pyrim
idine, tetrahydropyrazine, im


idazole, and benzene ring portions o

f the m
olecule are nearly m

irror im
ages, the 

confonnation o
f the glutam

ate residues is different. In both diastereoisom
ers the 

benzene and heterocyclic rings are alm
ost coplanar, w

ith all com
ponent atom

s 
lying w

ithin 0.35 A
 o

f a com
m

on plane. B
ond lengths indicate th

at there is a 

(a
) 

( b
) 

Fm
. 

2. 
C

rystal structures of the (a) natural and (b) unnatural diastereoisom
ers o

f m
etllenyl 

tetrahydrofolate. From
 Fontecilla-C

am
ps et al., 1979. C

opyright 1979 A
m

erican C
helllical Society. 
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system
 through the pyrim

idine ring, the im
idazole ring, 

~Sf':-
b~:-nt)::n~; ring. 

1n:;1[.t1ces o
f enzym

e inhibition by the unnatural diastereoisom
er, w

hich is 
.:•rc·s,~nl in assay m

ixtures, are listed in T
able II. In the case o

f glycina
' ihonude(•tide form

yltransferase, the inhibitory potency o
f the unnatural 

·i~orner o
f l O

-C
H

O
-H

4 PteG
lu led to an erroneous assessm

ent o
f sub

,p
td

fk
i!y

 (see S
ection V

II,A
,10). W

ith L
actobacillus casei thym

idylate 
. inhibition by the unnatural diastereoisom

er o
f C

H
2 -H

4 P
teG

lu is en
'"·''J<:d 

rhe length o
f the polyglutam

ate chain increases (K
isliuk et al., 1974). 

··· 
r!li\ftH\~ o

f diastereoisom
ers o

f 5, 10-m
ethylenetetrahydroam

inopterin show
s 

inhibition o
f the grow

th o
f P

ediococcus cerevisiae, im
plying that 

,·orm
 has a different site of action (H

orw
itz et al., 1969). 

f!11· 
·.•:>11fi1;uration o

f C
-6 of H

4 -biopterin (M
atsuura et al., 

1980) and 6-
7 .8-leirahydropterin (A

rm
arego et al., 1980), both prepared from

 the 
dihydro form

s by incubation w
ith dihydrofolate reductase and 

1·J/-D
PI'.. is ihe sam

e as that o
f the natural configuration o

f H
4 PteG

lu. 

1)i~s·xiatiori C
onstants 

·-<:Jd Jis·;;ociatk>n constants for folate derivatives are given in T
able III (K

allen 
.nci J.:;"-k". 

196i:>a; P
oe, 

1977). T
his inform

ation is useful in interpreting the 
'"•Kr'!-1:.i11'~;m 

0
f ihe interaction of single-carbon units w

ith folates as w
ell as the 

:'1t·:r:." 1k1H
 (•f folates w

ith enzym
es. F

or exam
ple, C

H
2 -H

4 PteG
lu can give rise to 

"ie•:!«ophilic im
inium

 ion (-C
H

2 
N

+
), w

hich is located on N
-5 because of 

high pK
 o

f N
-5 relative to N

-10. T
his im

inium
 ion is postulated to 

Jk
 in i·eactions involving the transfer of this group such as those cata

:;eri11e bydroxym
ethyltransferase and thym

idylate synthase (B
enkovic 

T
A

B
L

E
 II 

E
; •Z-' M

E
 llll-l!B

IT
!O

N
 B

Y
 T

H
E

 U
N

N
A

T
U

R
A

L
 D

!A
S

T
E

R
E

O
IS

O
M

E
R

S
 O

F
 

T
E

T
R

A
H

Y
D

R
O

F
O

L
A

T
E

C
O

E
N

Z
Y

M
E

S
 

ln
liih

".i· 
E

nzym
e 

Source 
R

eference 

· i-1--H
1 F'•c:(ilt• 

T
hym

idylare synthase 
L

actobacillus casei 
L

eary et al. (1974) 
:·~~ ,-l·!.:Pi~Glu,_. 

T
hym

idylate synthase 
L. 

casei 
K

isliuk et al. (1974) 
· ::-: ,. H

 _. f'•~Giu 
M

ethylenetetrahydrofolate 
E

scherichia coli 
S

cott and D
onaldson 

dehydrogenase 
• "

"
 ~·1-ic" •-:-1 _. l'tc-G

!u 
G

lycinam
ide ribonucleotide 

(1964) 
C

hicken liver 
Sm

ith et al. (198ia) 
fonnyltransferase 

:-;_, ·-
"O

\..ilt-
F

orm
im

inotetrahydrofolate 
P

ig liver 
M

acK
enzie and 

cyclodeam
inase 

B
augh (1983) 

. ;_.,,,_~;\" 
l 0-F

orm
yltetrahydrofolate 

P
ig liver 

K
utzbach and 

dehydrogenase 
S

tokstad (1971 b) 

T
H

E
 B

IO
C

H
E

M
IS

T
R

Y
 O

F
 F

O
L

A
T

E
S

 
9 

T
A

B
L

E
 III 

D
1

sso
c1

A
T

IO
N

 C
O

N
S

T
A

N
T

S
 O

F
 F

o
L

A
T

E
 D

E
R

tV
A

T
IV

E
S

0 

p
K
~
 

A
m

ide 
C

om
pound 

(N
-3

-C
-4

) 
N

-1 
N

-5 
N

-10 
a-C

O
O

H
 

'Y
-C

O
O

H
 

PteG
lu 

8.4 
2.4 

<
1.5 

0.2 
H

2PteG
lu 

9.5 
1.4 

3.8 
0.28 

H
4P

teG
lu 

10.5 
1.2 

4.8 
1.3 

3.5 
-1-.S 

M
ethotrexate 

5.7 
<

1.5 
0.5 

3.4 
-1-.7 

°F
rom

 K
allen and Jencks (1966a) and P

oe (1977). 

and B
ullard, 1973; B

enkovic, 1980) and C
H

2 -H
4 P

teG
lu reductase (M

atthew
s. 

1982). T
he high p

K
 o

f the N
J o

f m
ethotrexate relative to the N

-l o
f folates is 

know
n to play an im

portant role in the tight binding o
f m

ethotrexate to di
hydrofolate reductase (E

rickson and M
athew

s, 
1972; Sapirstein et al.. 

1978; 
C

occo et al., 1981). 

H
. 

U
L

T
R

A
V

IO
L

E
T

 A
B

S
O

R
B

A
N

C
E

 S
P

E
C

T
R

A
 

T
he U

V
 absorbance spectra are useful for identification and for enzym

e as
says. F

or exam
ple, the difference in absorbance at 340 nm

 betw
een H

.,PteG
lu 

and H
4 PteG

lu is w
idely used in assays for dihydrofolate reductase (M

atl1ew
s e1 

al., 
1963) and thym

idylate synthase (W
ahba and F

riedkin, 1962). In the di
hydrofolate reductase reaction, the concurrent changes in absorbance at 340 nm

 
brought about by the conversion o

f N
A

D
PH

 to N
A

D
P

 are additive w
ith those 

associated w
ith the conversion o

f H
2 PteG

lu to H
4 P

teG
lu. 

T
he U

V
 absorbance spectra o

f m
ost folate derivatives can be found in the 

review
 by R

abinow
itz (1960). T

he spectra of 5-C
H

3 -H
4 PteG

lu and 5-C
H

3 -5.6-
H

2PteG
lu, w

hich w
ere discovered subsequently, are given by D

onaldson and 
K

eresztesy (1962) and L
arrabee et al. (1961). T

he m
olar absorption coefficients 

of som
e P

teG
lu derivatives are listed in T

able IV
. A

 m
ore extensive list is o-iven 

by B
lakley (1969). 

"' 

III. 
F

olate D
eterm

ination 

A
. 

IN
T

R
O

D
U

C
T

IO
N

 

T
he determ

ination o
f folates in biological m

aterials is difficult because 
(a

) 

their concentrations are low
 (5-15 µ,g/g liver; B

ird et al., 1965), (b) ti1ere are at 
least six different single-carbon unit derivatives potentially present (T

able I), (c) 
there are three oxidation states o

f the pyrazine ring (T
able I), (rl) there are various 
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T
A

B
L

E
 IV

 

M
c•L

A
r: A

B
S

O
l.!f'T

IO
N

 C
O

E
F

F
IC

IE
N

T
S

 O
F

 F
o

L
A

T
E

 D
E

R
IV

A
T

IV
E

S
 

M
olar 

W
avelength 

absorption 
>

n
ll ~~11nJ 

pH
 

(n
m

) 
coefficient 

R
eferences 

?1'..'\.<
fH

 
7.0 

282 
2

7
,6

0
0

 
R

abino1V
itz (1960) 

7.0 
282 

2
8

,4
0

0
 

B
lakley (l9

6
0

a) 
r-~, f-'1e~-.::nu 

7.2 
298 

2
8

.4
0

0
 

B
lakley (1960b) 

,~ 
"~ :+_:1 r-t. P

ri:G
Ju 

7
.0

 
285 

33,000 
U

yeda and R
abinow

itz (1965) 

' '-C
f-11j. I·! J eteG

Ju 
7

.0
 

258 
19,000 

K
ay et al. (1960) 

tl-~-i_,_C'lt:GtP 
2

.0
 

352 
25,000 

R
abinow

itz (1960) 
-d.,1'•· .. 0

lu
 

7
.2

 
294 

3
2

,0
0

0
 

B
lakley (1960b) 

:•-C
H

 ~
-
~
L
P
k
G
l
u
 

7
.0

 
290 

31,700 
G

upta and H
uennekens ( 1967) 

~ k1pj()k•J[!~<~: 
!3.0 

281 
19,400 

K
isliuk ( 1971) 

i-! 
~t+, \!1 t,-,,,~,{~:11\: 

7
.2

 
. 

282 
19,700 

K
isliuk (1971) 

H
 .,-;.f(,:-".it.rf, ·1~·ae 

7.2 
295 

2
0

,5
0

0
 

K
isliuk (1971) 

_'\t'P
H

"'l1pli;;rm
 

13.0 
284 

2
6

,4
0

0
 

S
eeger et al. (1949) 

; 1 _;-
\ :·nh-!(')~11.cnn. 

7.0 
289 

2
7

,0
0

0
 

K
isliuk and L

evine (1964) 
'-~ ~·-, dJ.l;P•-Y

 •. "tenn 
7.0 

296 
2S

,300 
K

isliuk and L
evine (l 9

6
4

) 
i\ J :I ~\(,•!f ~'X, ~lC' 

!3.0 
302 

2
2

,0
0

0
 

S
eeger et al. (1949) 

_.,,..,.,,,,...,,,,.,..~=,····· .. ,
.
.
.
,
.
,
,
,
,
.
~
,
~
-
--

-

pc>l:tll-hJr<tffl::m
: clrnin lengths (see T

able X
V

), (e) various reduced folates differ in 
rl:,~ir ~.rability to oxygen, m

id (j) hydrolases are present in m
any tissues that 

•.he: cle:ivage o
f -y-glutam

yl bonds. A
n ideal goal for tissue folate analy

~-'·c; «:1cnJ! be fc; m
easure the various single-carbon unit derivatives, the oxidation 

k'-·~ l c
f the pyrazine Jing as w

ell as th
e polyglutam

ate chain length associated 
<

 iilt euC
:i fokite derivative. T

he extraction procedure should therefore (a) liber
:lie

 bound form
s quantitatively, (b) avoid extrem

es o
f pH

 and heat, (c) be carried 
t''.1' in 'h;: presence o

f reducing agents, (d) prevent enzym
atic degradation, and 

r. 
l ~tV(•id p

h
o
t
o
d
~
c
o
m
p
o
s
i
t
i
o
n
 (B

augh and K
rum

dieck, 1971). 
in i:•ri:i.cr w

 verify the accuracy o
f the determ

ination one w
ould have to deter

n !1
F

: 1lie 1ec1..w
ery o

f standard sam
ples o

f each potential folate derivative from
 

the:: :i:;::;u"' in questim
1. It is presently im

practical to carry o
u

t this type o
f recovery 

T
issues are usually extracted w

ith hot 1 %
 sodium

 ascorbate solu
et a

l .. ! 982; Y
in et al., 1983) but this m

ay introduce errors (W
ilson 

r1c1d H
om

e. 1933 J. A
naerobic acid treatm

ent has also been used (E
to and K

rum


d
k
-d

. l9
8

!). T
reatm

ent w
ith )'-glutam

yl hydrolase (conjugase) converts poly
fo

rm
s to m

onoglutam
ate form

s, w
hich can be separated and deter

n• incd b: 
1he m

erhods listed in T
able V

. 

e 
i1

J!1
cr::o

B
1

0
L

o
G

1
cA

L
 A

ssA
Y

 

T
 li·~ :.!.1«:•~ b

ad
ed

al species ordinarily used to assay for folates M
e

 P
ediococcus 

, Su"cplornccus faecium
, and L

actobacillus casei (F
lyn

n
 et al.. 1

9
5

1
; 

T
I-IE

 B
IO

C
H

E
M

IS
T

R
Y

 O
F

 F
O

L
A

T
E

S
 

II 

B
akerm

an, 1961; B
aker et al., 1971; C

oopennan, 1971). E
ach organism

 differs 
w

ith respect to the types of folate derivatives that w
ill support grow

th (T
able V

I). 
P

ediococcus cerevisiae is rem
arkable in that it requires an H

4 P
teG

lu derivative 
and does not grow

 o
n

 PteG
lu o

r H
2 P

teG
lu even though it contains dihydrofolate 

reductase, w
hich can

 catalyze the reduction o
f P

teG
lu and H

2 P
teG

lu to
 H

4 P
teG

lu 
(M

andelbaum
-S

havit and G
rossow

icz, 1970, 1975; M
andelbaum

-S
havit, 1976). 

P
ediococcus cerevisiae cannot transport P

teG
lu o

r H
2 P

teG
lu through its cell 

m
em

brane. C
ertain m

utants o
f this organism

 transport P
teG

lu (M
andelbaum


S

havit, 1976). P
edi'ococcus cerevisiae also does not grow

 on 5-C
H

3 -H
4 P

teG
lu, 

but this is not due to a transport deficiency (M
andelbaum

-S
havit and G

ros
sow

icz, 
1975). 

A
pparently, 

the organism
 cannot rem

ove the 
5
-
C
H
~
 

group. 
H

4 P
teG

lu
2 and 5-C

H
O

-H
4 P

teG
lu

2 support grow
th, b

u
t activity falls o

ff sharply 
w

ith th
e

 corresponding triglutam
ate derivatives (T

able V
I). T

he standard co
m


pound usually used for assays w

ith
 P

. cerevisiae is 5-C
H

O
-H

4 P
teG

lu
1

• 

O
bjective 

S
eparation 

D
eterm

ination 

P
olyglutam

ate chain length 
determ

ination 

T
A

B
L

E
 V

 

M
E

T
H

O
D

S
 O

F
 F

O
L

A
T

E
 A

N
A

L
Y

S
IS

 

M
ethod 

D
E

A
E

-C
ellulose chrom

ato
graphy 

D
E

A
E

-S
ephade:K

 chrom
ato

graphy 
T

hin-layer chrom
atography 

G
el filtration 

H
igh-perform

ance liquid chro
m

atograpny 

M
icrobiological 

L
igand b

in
d

in
g

 
Im

m
unological 

C
hem

ical 
E

nzym
atic 

E
lectrophoretic 

C
hem

ical 

D
E

A
E

-C
ellulose chrom

ato
graphy 

H
igh-perform

ance liquid chro
m

atography 

R
eferences 

W
ittenberg et al. (1962), R

ao
 

and N
oronha (1978), B

rody 
et al. (1982) 

N
ix

o
n

 and B
ertino (1971) 

S
cott (1980) 

S
h

in
 et al. (1972). K

as an
d

 
C

ern
a (1980) 

A
rch

er and R
eed (1980), C

ash
· 

m
o

re et al. (1980), H
o

m
e et 

al. 
(1981), M

cM
artin et al. 

(1981) 
T

ab
le V

I 
W

axm
an and S

chreiber (1980J 
R

icker and S
tollar (1

%
7

), R
aso 

and S
chreiber ( l 975) 

B
to

 and K
rum

diec.k (198 l) 
Jaenicke (1971) 
P

riest e
l al, (1980a, !9

8
la). 

P
riest and M

an
g

u
m

 (I 981) 
F

oo et al. (1980), E
to

 and 
K

rum
dieck (1982) 

K
ru

m
d

ie
ck and B

augh (1969). 
B

rody et al. (1982) 
Joli vet and S

chilsky (1981). 
S

hane (1982) 
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l'teGlu~ 
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tcG

lll, 
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lu,, 
PtcG

Ju.·. 
P

1dilu,, 
~)t~Glu.-

H
2P

t.:(ilu, 
i-loP

!cG
lu, 

:-l"Pt<
·G

Ju, 
1

1
, \'1

.;()IH
 /' 

fl.,P
teU

lt"'' 
~
-
C
H
O
-
H
.

1 P1.;Glu 1 
5-Cl!0-!-14

PtcGfu~ 

'-C
H

O
 H

,P
tcG

lu
, 

'·C
l i ,.H

 .. Ptecl!u 1 

R
O

Y
 L
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K

IS
L

IU
K

 

T
A

B
L

E
 V

I 

P
ediococcus 
('C

re
\'isw

e
 

(A
T

C
C

 8081) 

+
 +
 

+
 +
 

Streptococcus 
(aecium

 
(A

T
C

C
 8043) 

+
 

+
 

+
 +
 +
 

+
 +
 

+
 

L
actobacillus 

casei 
(A

T
C

C
 7469) 

+
 

+
 +
 

::!:< 

±
<

 
±

c 

+
 +
 +
 

+
 ±
 

+
 

+
 

+
 +
 

"flat:i lrorn .lnhn:. m
id B

ertino ( 1965), B
augh and K

rum
dieck (1971), S

hiota (1971), C
ooperm

an 

• lll!l 1. K
a' .m

e! C
crn« 11()80), m

id K
isliuk (1981). 

t-; 
G

"unw
nt. R

 
L

 
K

io!iuk, ;.111d C
'. M

. B
augh, unpublished w

ork. 
'!'1eG

l11.1 . P1,·Glu~. P
teG

lu,,. and P
teG

lu
7 "re 66, 2

0
. 4

, and 3%
 as active, respectively, as P

teG
lu 1 

"
"
I
, ··<1;n. 

~
h
.
m
c
 and .S

toh,tad 11976). 

S
1rcplu<'<'C

"11sfi1cciw
11 g

ro
w

s on m
ost P

teG
lu

1 form
s, except 5-C

H
3 -H

4 P
teG

lu 
!T

able V
lJ. A

s w
ith P

. cerel'isiac, it can accum
ulate 5-C

H
1 -H

4 PteG
1u from

 the 
m

e
d

iu
m

 
1M

andelbaum
-S

havit and K
isliuk, 

1979). 
It 

also d
o

es not g
ro

w
 on 

pol~·g!utamate form~ w
ith m

ore than tw
o glutam

ate residues. 
Lacr1•l1aci1111s casci differs from

 the other tw
o organism

s in that (a) it can grow
 

nn 5-C
!-I ~-M4 PteG!u because it can rem

ove the 5-C
H

3 group oxidatively (S
hane 

'.m
d S

tokstacl. 1977a.b) and {b) it gives g
ro

w
th

 com
parable to

 that w
ith P

teG
lu

1 
w

hen offered polyglutam
ate form

s w
ith th

ree glutam
ate residues. D

im
inishing 

. 1divity 1s ~een as the glutam
ate chain becom

es longer (T
able V

I). 
Lac/()bal'i/111.1 ca.1·ei is used to m

easure serum
 folate, w

hich is predom
inantly 5-

C
ii «I-I 1PtcG

lu 1 (C
ooperm

an, 1971). A
 ligand-binding assay using radioactive 

folate and a folate-binding protein is also used for this purpose (W
axm

an and 
S

chreiber. 1980 l. L
actobacillus casei determ

inations tend to be 15%
 higher than 

those given by the ligand-binding assay. V
alues ofO

 to 3 n
g

/m
l o

f serum
 indicate 

f1 •ht\e dericiency. w
hereas values greater than 8 ng/m

l are nonnal. Intennediate 
<

tlltc;. arc indeterm
inate. 
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F
our m

ethods used to detennine polyglutam
ate chain length are (a) am

in
o

 acid 
analysis o

f pure sam
ples (P

fiffner et al., 1946; C
urthoys and R

abinow
itz. 1972; 

R
ao and N

oronha, 1978), (b) chem
ical degradation o

f P
teG

lu,, derivatives to
p


am

inobenzoyl-G
lun follow

ed by chrom
atographic separation and determ

ination 
o

f the latter com
pounds (F

oo et al., 1980), (c) D
E

A
E

-cellulose chrom
atography 

o
f P

teG
lu,, (T

able V
), and (d) electrophoretic separation o

f ternary com
plexes o

f 
C

H
2 -H

4 P
teG

lun, [3H
]F

dU
M

P
, and L. casei thym

idylate synthase (P
riest et al .. 

1980a). 
T

he chem
ical degradation o

f P
teG

lu,, derivatives to p-am
inobenzoyl-G

lu 
hy 

treatm
ent w

ith K
M

Q
0

4 o
r Z

n-H
C

l w
ould be eK

pected to
 elim

inate am
bigdities 

caused by different one-carbon constituents and different oxidation states o
f the 

pyrazine ring and result in a m
easure o

f polyglutam
ate chain length in the total 

folate pool. A
lthough either K

M
n

0
4 o

r Z
n-H

C
l treatm

ent appeared to suffice. it 
turned out that 5-C

H
3 -H

4 P
teG

lu,., often the m
ajor tissue folates. are not com


pletely cleaved by either procedure (M

aruyam
a et al., 

1978; L
ew

is and R
ow

e. 
1979; B

augh et al., 1979), so
 that m

o
re effective m

ethods had to be devised (F
oo 

et al., 1980; E
to and K

rum
dieck, 1981). T

hese m
ethods include (a

) acid treat
m

ent, w
hich converts lO

-C
H

O
-H

4 P
teG

iu,.. 5-C
H

O
-H

4 P
teG

lun, and 5-C
H

N
H


H

4PteG
lun to C

H
-H

4 P
teG

lun; (b) reduction w
ith N

aB
H

4 , w
hich converts C

H


H
4PteG

lun to 5-C
H

3 -H
4 P

teG
lu,., jo

in
in

g
 the 5-C

H
3 -H

4 PteG
Jun already present: 

and (c) oxidation o
f 5-C

H
3 -H

4 P
teG

lu,, to C
H

3 -5,6-H
2 P

teG
lu,., w

hich are cleaved 
in acid to p-am

inobenzoyl-G
lu,.. C

H
-H

4 PteG
lun• H

2 P
teG

lun, and H
,1 P

teG
lu,, are 

also cleaved to
 p-am

inobenzoyl-G
lun b

y
 these procedures. T

hus, all o
f the com


m

on tissue folates are converted to p-am
inobenzoyl-G

lun, w
hich can be resolved 

according to polyglutam
ate chain length up to p-am

inobenzoyl-G
lu

11 
(S

hane. 
1982). 
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E
to and K

rum
dieck (1981) used sequential acidification, oxidation, and reduc

tion to identify three folate pools in rat liver: (a) C
H

2 -H
4 P

teG
lu,. and H

-1PteG
lu,,; 

(b) 
C

H
3 -H

4 P
teG

lu,,; 
and 

(c) 
C

H
-H

4 P
teG

lu,., 
10-C

H
O

-H
4 PteG

lu,,. 
5-C

H
O


H

4PteG
lu,.. 

and 
C

H
N

H
-H

4 P
teG

lun. 
T

h
e 

diazotized 
derivatives 

o
f 

p
-am

i
nobenzoy1-G

lun derived from
 each p

o
o

l w
ere determ

ined using reversed-phase 
H

P
L

C
. A

s little as 20 pm
ol o

f th
e diazotized derivatives could be detected . 

P
artial 

hepatectom
y 

alters 
the 

proportions o
f folyl 

polyglutam
ates 

(E
to and 

K
rum

dieck, 
1982); G

lu
6 and G

lu
7 increase at the expense o

f G
lu4 and G

lu
5

. 

C
H

3 -H
4 P

teG
lu

6 accounts for m
ost 

o
f the increase in G

lu
6

, 
and 

form
yl-level 

com
pounds account for m

ost o
f the increase in G

lu
7

. T
hese changes are probably 

related to the regulation o
f one-carbon m

etabolism
. 

B
rody et al. (1982) com

bined the use o
f D

E
A

E
-cellulose chrom

atography. 
hog kidney -y-glutam

yl 
hydrolase, 

an
d

 m
icrobiological assay to 

study folate 
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•newh~·l1•;n1 
in 

rat 
liver. 

W
ithin a series o

f derivatives w
ith the sam

e folate 
m

o;e(), th..: longe1 
the polyglutam

ate chain, the greater the affinity for D
E

A
E


,·.:ilulost:. 

H
o

w
ew

r. elution 
from

 
D

E
A

E
-cellulose is 

altered by the state o
f 

1.l'\ idatit•n ···f the pyrazine ring (K
isliuk et a

l., 1974) as w
ell as by the various one

,·,1rbnn substituents <B
rody ct al., 1982). T

he rats used in this study w
ere m

ain
!ained on a diet low

 in m
ethionine and w

ere also treated w
ith N

2 0 
gas,. w

hich 
i'oukl bl' expected to raise the levels o

f 5-C
H

3 -H
4 P

teG
lun (S

ection V
l,C

). A
t the 

G
lu, level. C!-13 -

H
~
P
t
e
G
l
u5 w

as the m
ajor folate, there being only sm

all am
ounts 

'>l l l ~Pll'.G!u5
. A

r the G
lu

6 level, the tw
o form

s w
ere about equal and, at the G

lu
7 

icv1~!, 
1:-1_1 PteG

Ju 
predom

inated. It appears that m
etabolic function differs w

ith 
p1•iyglU

1am
ate chain length. 

A
fter m

ethionine adm
inistration the 

levels o
f 5-

C
H

 1 -l·l~PtcGlu5
_

7 decreased sharply, as w
ould be anticipated (S

ection V
l,C

). 
U

;,ing techniques sim
ilar to those o

f B
rody et al. (1982), Y

in et al., (1983) 
'how

cd !hat rnou:,,c ~
a
r
c
o
m
a
 180 cells have larger folate pools w

ith longer gluta
m

ate chains than do hum
an carcinom

a cells (H
ep-2). T

hese results provide a 
rui~onablc explanation for the greater susceptibility o

f the m
ouse cells to inhibi

tion bv :'i-rtuorouraciL
 w

hich after conversion to 5-fluorodeoxyuridylate binds to 
tny1111~lyl:ue synthase m

ore firm
ly in the presence o

f C
H

2 -H
4 PteG

lu,. (S
ection 

V
IL

!\.4
.fJ 

E
lcctr. 1phoresis o

f the ternary com
plex o

f C
H

2 -H
4 P

teG
lu,,. fluorodeoxyuridy

!ak
, am

! L. casci thym
idylate synthase (P

riest et al., 1980a, 198la) has proved 
useful 

in 
determ

ining 
(a) 

the 
length 

o
f the 

polyglutam
ate chains 

o
f C

H
2 -

11.1Pti .. 'G
lu

 in tissues (P
riest et al., 198 la, 1983), (b) the relative affinity o

f C
H

2
-

! l;P
K

G
lu,, for thym

idylate synthase (P
riest and M

angum
, 1981), (c) the activity 

11f 
folyl-y-glutam

yl 
hy<lrolases 

(P
riest et al., 

1982), 
and (d) 

the activity o
f 

r,\l~·lpn!yg:lutamak synthetase (Priest et a
l., 1981b). 

IV
. 

B
iosynthesis of H

2 P
teG

lu 

'\. 
E

N
/.\ M

l:: 
R

l::!\C
T

lO
N

.S
 

(iuann·,ine rriphosphale is the com
m

on precursor o
f H

2 P
teG

lu, riboflavin, and 
IL

-h
i,)p

krin
 <

S
hiota. 1971; B

row
n, 1982). T

he reactions leading from
 G

T
P

 to 
l-i°,PkG

lu are outlined in F
ig. 3, and the nam

es o
f the enzym

es catalyzing these 
re~Ktion" ,m

: Jisk~d in T
able V

ll. R
eaction l, catalyzed by G

T
P

 cyclohydrolase I, 
tb

u
!ls

 111 a ~triking rearrangem
ent o

f G
T

P
 to form

 H
2 -neopterin triphosphate. 

T
he G

T
P

 cydohydrolase I from
 E. co

li has a m
olecular w

eight o
f 210,000, is 

llcc1t ,table. and consists o
f four identical subunits (Y

im
 and B

row
n, 1976). G

T
P

 
<.'\·clohvdi\1la~e I has also been found in lactobacil/us plantarum

 (Jackson and 
Sl1i1 11,1: I tJ7 IL

 D
ro.1ophila <D

orsett et al., 1979), chicken kidney (T
anaka et a

l .. 
l9kl ). 11.unster kidney <Eto et al., 1976), and rat brain (L

ee et al., 1979). G
T

P
 

c:ydz1h:,drnlase 
II 

cataly1..es 
a sim

ilar reaction on 
the 

pathw
ay 

to riboflavin 
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7
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e
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rin

 
trip

h
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 p..O
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Fm
. 

3. 
R

eactions 
involved 

in 
the 

biosynthesis 
of d1hydrofolate. 

(A
) 

B10synthesi~ 
of di

hydroneopterin. 
(B

) 
C

onversion of dihydroneopterin to dihydrofolate (see p. 
16i. T

he enzym
,:, 

catalyzing the num
bered reactions are listed in T

able V
II. (p-A

B
, p-am

inobenzoic am
l). 

(B
row

n, 1982), but the product in this instance is a phosphoribosylpyrim
idine, 

w
hich is then reduced to a phosphoribitylpyrim

idine. 
H

2 -N
eopterin 

triphosphate 
is 

at 
the 

branch 
point o

f pathw
ays 

leading 
to 

H
2 P

teG
lu or to other pterins including H

2 -biopterin (F
ukushim

a and S
hiota. 

1974; E
to et al., 1976), sepiapterin (T

anaka et al., 
1981), drosopterin (W

ieder
recht et al., 1981), and butterfly w

ing pigm
ents (W

att, 1967). O
n the H

2 PteG
lu 

~
 

t---

=
 l.O

 
in

 
"""" 

0 
N

 
0 

0 
I 

"O
 

N
 

=
 0 

~
 

0 
rJl .... ...... 

... .c 
... -= ~ ~ 
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p-A
S 

7 

7, 8
-H

2 -6
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y
d
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x
y
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e
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y
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7
,8
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2 -H

y
d
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x
y
m

e
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y
l

p
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p
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p
h

o
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h
a
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FIG
. 3. 

(co11ti1111ed). 

p:nhw
ay. H

2 -neopterin. triphosphate loses a pyrophosphate group in a rea~tio.n 
catalyzed by H

2 -neopterin triphosphate pyrophosphohydrolase. In E
. 

coli this 
enzym

e is specific for H
2 -neopterin triphosphate and does not hydrolyze t_he 

com
m

on nucleoside triphosphates 
(B

row
n, 

1982). 
T

he rem
oval 

o
f the third 

phosphate is catalyzed by a nonspecific phosphatase. G
lycolaldehyde is th.en 

cleaved from
 the side chain o

f H
2 -neopterin, yielding H

2 -hydroxm
ethylptenn. 

T
he hydroxym

ethyl group is pyrophosphorylated by A
T

P
, yi~lding H

2 -hydro~y
m

ethylpterin pyrophosphate, w
hich in tum

 reacts w
ith p~amtnobenzo~te to give 

H
2 P

te. S
ulfonam

ides prevent the incorporation o
f p-am

m
obenzoate m

to H
2Pte 

\, 
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by virtue o
f their substrate activity w

ith dihydropteroate synthase (B
row

n, 1962; 
S

hiota et al., 
1964). 

T
he H

2 P
te-sulfonam

ide derivatives form
ed 

are inert as 
folate percursors. 

H
2 Pte finally reacts w

ith A
T

P and glutam
ic acid 

to 
yield 

H
2 P

teG
lu (F

ig. 3). 
T

he H
2 P

teG
lu synthetases from

 C
orynebacterium

 and E
. coli are bifunctional 

(S
hane, 1980; F

erone and W
arskow

, 1983). In addition to catalyzing the form
a

tion o
f H

2 PteG
!u from

 H
2 P

te, glutam
ic acid, and A

T
P

, these enzym
es possess 

folylpolyglutam
ate synthetase activity. R

at liver folylpolyglutam
ate synthetase 

does not catalyze the synthesis o
f H

2 P
teG

lu from
 H

2 Pte (M
cG

uire et al .. l 980l. 

B
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M
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A
nim

als can catry out the synthesis o
f H

rbiopterin, the cofactor for phe
nylalanine hydroxylase (K

aufm
an, 

1979), 
but not the synthesis o

f H
,P

teG
lu 

(F
ukushim

a and S
hiota, 1974; E

to et al., 1976; T
anaka et al., 1981; Y

oshioka et 
al., 1983). D

efective biopterin synthesis leading to hyperphenylalaninem
ia has 

been reported in hum
ans (N

iederw
iesser et al., 1982). In one case G

T
P

 cyclohy
drolase is m

issing (N
iederw

ieser et al., 1983). A
pparently, anim

als do not con
tain H

2 -neopterin triphosphate pyrophosphohydrolase o
r any of the subsequent 

enzym
es on the pathw

ay to 
H

2 P
teG

lu. 
T

he pterins excreted in the urine o
f 

patients w
ith cancer (H

alpern et al., 1977; B
ichler et al .• 1982; R

ao et al., 1983) 
m

ay arise from
 the biopterin pathw

ay (F
ig. 3). 

B
ecause m

any pathogens synthesize H
2 PteG

!u and do not have a transport 
system

 for folates, enzym
es 3, 4. 5, 6, and 7 (T

able V
II) are potential targets for 

selective 
chem

otherapeutic agents, 
w

hich could enhance 
the 

activity 
o

f tri
m

ethoprim
 and sulfonam

ides. Som
e analog developm

ent along these lines has 
been reported (K

isliuk et al., 
1967; M

athis and B
row

n, 
1970; W

ood. 
1975; 

Ferone and W
ebb, 1975; H

o et al., 1976; Z
im

m
erm

an et al., 1977; P
onngsam

art 
eta

l., 1981). 
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I . G
T

P
 cyclohydrolase I 

2. 
D

ihydroneopterin triphosphate pyrophosphohydrolase 
3. D

ihydroneopterin phosphate phosphatase 
4. 

D
ihydroneopterin aldolase 

5. 
D

ihydrohydroxym
ethylpterin pyrophosphokinase 

6. D
ihydropteroate synthase 

7. 
D

ihydrofolate synthetase 

•See Fig. 3. 
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V
. 

B
iodegradation 

/\h
er intravenous adm

inistration o
f [2- 14C

jfolate to a hum
an volunteer, ab

'>•trp!i•)B 
in

to
 tissues w

as greater than 90%
 (K

rum
dieck et al., 

1978). U
rinary 

excr~tion show
ed a bim

odal pattern: one half-life o
f 32 h and a second o

f 100 
cla) '· B

iopterin, erw
hro-neopterin, and threo-neopterin isolated from

 the urine 
w

en' 
not 

radioactive, 
w

hereas 
pterin 

and 
isoxanthopterin w

ere 
radioactive, 

-;hnw
m

g that som
e o

f the radioactive folate had been cleaved. F
ecal excretion 

proved to be a significant route o
f folate elim

ination. In rats the p-am
inobenzoyl

G
lu portion o

f folate is excreted in the acetylated form
 (M

urphy et al., 
1976). 

T
he m

icroflora m
ay play a role in folate degradation in rats, because adm

inistra-
1inn <'f antibiotics reduced catabolite form

ation (P
heasant et al., 1981). 

A
 likely pathw

ay for the degradation o
f folate involves reduction to H

4 P
teG

lu, 
w

hich cleave~ ~pontaneously to a pterin and p-am
inobenzoyl-G

lu (F
utterm

an and 
Silverm

an. 
1957; S

aleh et al., 
1981, 1982; P

heasant et al .. 1983). 
A

n interesting isotope effect w
as observed in m

etabolic studies o
f [3H

]-
and 

I 1 4C
jlo

la
te

s (('on11or et al., 1980). E
xcreted folates contained m

ore 3H
 than 14C

 
rdative to

 the com
pound adm

inistered due to enhanced intestinal absorption o
f 

tho.: 
'H

-b
b

eled
 com

pound. Isotope effects w
ere also observed on ion-exchange 

chrom
atography. 

T
he enzym

es from
 m

icroorganism
s that catalyze the degradation o

f folate and 
n11!1hotrex:a(e have heen review

ed (K
alghatgi and B

ertino, 1981). O
ne such en

l'ym
c. i..:arhn\ypcptidase G

. catalyzes the hydrolysis o
f the am

ide bond and can 
h·~ w

·;ed 
to

 in
d

u
ce

 tolate deficiency o
r to inactivate m

ethotrexate in vivo. 

V
I. 

M
etabolism

 

/> 
h l rn.< J

l)I 1('1'I0!'1 

,.l1. ouH1111: o
f the m

etabolic interrelationships betw
een folate derivatives is 

g
iw

n
 in

 F
ig

. 4
. T

he nam
es o

f the 17 enzym
es catalyzing these interconversions 

are 11:,tell in Taf:ik· V
IU

. A
dditional reactions know

n to require folate coenzym
es 

aie fr.;ted in T
able IX

. 
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O
ne-carbon units are derived from

 serine, glycine (O
gur et al., 1977; D

ev and 
H

ai'V
<:y. 

I O
S

::!). 
form

im
inoglutam

ate (S
ilverm

an and P
itney, 1958), o

r form
ate 

11::'"''' anll f:k1w
venga. 

1977) and are used to form
 the m

ethyl groups o
f m

eth
iom

w
.: and 1bym

idylak. are used to form
 C

-2 and C
-8 o

f inosinic acid, o
r are 

oxidued tt> C
0

2
. S

erine, the m
ajor source o

f single-carbon units, arises from
 

ph1,sph<•g!ycerate, 
t'orm

im
inoglutam

ate from
 histidine, 

and form
ate 

from
 the 

•.\X
kl:iti1m

 of m
ethyl groups (B

lakley, 1969). F
orm

ate also arises from
 C

-1 o
f the 

ribu"i' rnc•idy o
f m

ethylthioadenosine, w
hich arises as a by-product o

f the con-
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FIG
. 4. 

Met~bolic inte~lati?nships o
f tetrahydrofolate coenzym

es. T
he enzym

es catalyzing the 
num

bered reactions are 
hsted m

 T
able 

V
III. 

A
bbreviations: G

A
R

, 
glycinam

ide Jibonucleotide; 
FG

A
R

. 
form

ylglycinam
ide 

ribonucleotide; 
A

IC
A

R
. 

am
inoim

idazolecarboxam
1 de 

ribonucleohdc: 
fifG

Ju. form
im

inoglutarnic acid; IM
P

, inosine m
onophosphate (inosinic acid). 

version o
f adenosylm

ethionine to polyam
ines (T

rackm
an and A

beles, J 981). IO


C
H

O
-H

4P
teG

lu, 
via its 

interaction 
w

ith 
the 

enzym
e 

IO
-C

H
O

-H
4 P

teG
lu 

de
bydrogenase, provides a m

echanism
 by w

hich excess single-carbon units can be 
rem

oved as C
0

2 (S
crutton and B

eis, 
1979). F

olate adm
inistration to anim

als 
enhances the conversion o

f ingested m
ethanol and form

ate to C
O

 , dim
inishing 

m
ethanol toxicity (N

oker et al., 
I 980). 
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H
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4 f>
T

E
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L
u
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A

N
D

 

V
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A
M
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1
2

 

:-1ethionine is a key m
etabolite regulating the m

etabolism
 o

f single-carbon 
ttruts (K

rebs et al., 1976; Jagerstad et al., 1980; B
rody et al., 1982; E

ells et al., 
S

tokstad et al., 1983). In
 the form

 o
f adenosylm

ethionine, it regulates the 
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T
A

B
L

E
 V

III 

l\>L~TE E
N
r
Y
M
~
S
 o

P
 W

1
D

E
S

P
IU

iA
D

 D
1sT

R
IB

U
T

IO
N

" 

I 
·1 ur.1hv•Jnfolatc dchydrogem

\S
e (dibydrofolate reductasc) (E

C
 1.5. I .3) 

.' 
>• .i.1e bvdro\111c1hvlt1ansferasc (E

C
 2

.1
.2

 
I) 

.•. 
<..l•:un~ 'ymh,1s~ (glycine cleavage sy

stem
) (E

C
 2.1 2 10) 

->. 
n1; m

idyla1c 'ynth~se (E
C

 2.1 
1.45) 

.' 
M~1hyknc1l'!rahy<lrofolate reductase (E

C
 1.1.99.15) 

i> 
T

ei rah\ dn1p1c111ylgluramat~ m
ethyltransferasc ( 5-m

ethyltctrahydrofolate-hom
ocysteine m

eth

yl1 r.m,f~r:t<,<: ! tE
C

 2. I. l.1
3

) 
M

eihyknc1e1r:1hydrofolate dehydrogenasc (E
C

 1
.5

.1
.5

) 
.•. 

tvk1hl'nvlte1nhydm
lolate cyclohydrolase (E

C
 3

.5
.4

.9
) 

'' 
111.h11w

y'kW
thydr<

ifolate synthetase (E
C

 6
.3

.4
.3

) 
Ill. 

Ph• .,ph1•nbo>
ylglycinam

ide form
yltransferase (glycinam

ide ribonucleotide fonnyltransferasc) 

1
h

' ~.I 2.21 
, i 

P
lh•'P

h•>
rih<

"yhnunoim
iJi1zole<

'.arboxam
ide form

yltransferase (am
inoim

idazolecarboxam
ide 

n
h

 .. nu•:lc<
>

litk to
rm

yltn
m

ste
ra

>
e

) (E
C

 2
.1

.2
.3

) 
\k1h~nvl1<01r:1hvJmtolate 'y

n
th

ctase (5-torm
yltetrahydrofolate cyclodehydrase) (E

C
 6

.3
.3

.2
) 

'~ 
C

ilui.,nl.llc 
foin\im

in,m
c;nsfornse (form

im
m

ogl11tam
ate:tetrnhydrofolate form

im
inotransferase) 

1E< ::..1 
2.5·, 

14 
i',H

n1i1·i11l<llclruhyJrofolate .:yclodeam
inasc (E

C
 4

.3
.1

.4
) 

15 
I0-1 ,orm

yli<
:llahy·.lm

folnte deh)drogenase (E
C

 l .5. l.6
) 

11, 
J')irncth; tglyune u

ch
y

d
m

g
en

ase (E
C

 t .5
.9

9
.2

) 
ii. 

Sar.-n,itit~ dl!hydnJgenasc tE
C

 
1.5.99.1) 

· T
he 1H.:-\,1L•lllR llltclfda1iom

hips "t these enzym
es are sh

o
w

n
 in F

ig. 4
. T

h
e nam

es listed are those 
1cu•1.11ncntlcd 

hy 
1lw

 
lutcm

ational 
U

nion 
o

f B
iochem

istry 
(E

nzym
e 

N
om

enclature C
o

m
m

ittee, 
1 •r1•n 

\\< hc1< 
:111 alicnm

!tvc nam
e j, used in the text, it i• given in parentheses. 

kn:!;., ,1! 5-C
H

 _,-1-l iP
!eG

lu and H
4 P

teG
!u, w

hich in turn regulate the distribution 
nf ,jrn;lt'-cartion units. A~ m

ethionine concentration increases, 5-C
H

3 -H
4 P

teG
lu 

l.:\i.+, decrease because o
f decreased synthesis as w

ell as increased dem
ethyla

ll<
'll. D

c<.:reas.:d synthesis o
f 5-C

H
3 -H

4 P
teG

lu results in increased availability o
f 

ih
 p

r,·•:u
rso

t, C
H

 2 -H
4 P

teG
lu. and the increased dem

ethylation yields H
4 P

teG
lu. 

Thie C
H

A
!.1 P

teG
lu thus form

ed can be used for the synthesis o
f thym

idylate, 
~.:rinl". 

;
ir

 inosink acid, and the H
4 P

teG
lu can be used as a fonnim

ino group 
«•:•:1.·ph'r. A

s m
ethionine com

:entration decreases, synthesis o
f 5-C

H
3 -H

4 P
teG

lu 
i, enhlfn<.:cd and its dem

ethylation is decreased, w
hich results in a shortage o

f 
C

l-1:-li 1 P
kG

lu
 and H~PteGlu. If the m

ethionine level falls so low
 that the re

m
dhyta1ion 

o
f 

hom
ocysteine 

from
 

5
-C

H
3 -H

4 P
teG

lu 
cannot 

be 
m

aintained 
!adcn1,~ylmethhmine is a

n
 absolute requirem

ent for the 5-C
H

3 -H
4 PteG

lu-hom
o

cy~1cinc m
ethyllransferasc reaction (M

angum
 and S

crim
geour. 1962; K

isliuk, 
!964: faylur and W

eissbach, 1973)]. 5
-C

H
3 -H

4 P
teG

lu accum
ulates and a defi

ci<::'n<.:) 
o

l the o
th

e
r folate i:o

e
n

zym
e

s ensues. Such a situation obtains in perfused 
rat !iw

r or in bolated rat hepatocytes due to m
ethionine leakage from

 the cells 
anti 1.':m 

be deteded 
because added histidine cannot be m

etabolized beyond 
fi.nm

im
inogluw

m
ate, 

w
hich accum

ulates 
due 

to 
inadequate am

ounts o
f free 

c Q
 

·~ 

&
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H
)'!cG

!u
 IK

rebl> e
l al., 

1976). F
orm

im
inoglutam

ate excretion is abolished by 
the addition o

f m
ethionine. 

T
h•)S

c conditions that dim
inish free H

4 P
teG

lu levels, such as (a) m
ethionine 

de! ic1ency, (b) vitam
in B

 12 deficiency [vitam
in B

 12 is a coenzym
e for rnarn

m
ali.m

 
5-C

H
 3 -l{~PteGlu-homocysteine 

m
ethyltransferase (T

aylor and 
W

eiss
bach. 

1973)!, (c) N
2 0 

treatm
ent [N

2 0 
inhibits 5-C

H
3 -H

4 P
teG

lu-hom
ocysteine 

lr~m~methylase 
by 

interacting w
ith vitam

in B
12 (S

cott et al., 
1981)], or (cl) 

<lietary tolate <leficiency (R
abinow

itz and T
abor, 1958), result in the accum

ula
tion o

f form
im

inoglutam
ate from

 histidine. S
ituations (a

)-(c
) w

ould be expected 
to be associated w

ith the inability to utilize added 5
-C

H
rH

4 P
teG

lu as a source o
f 

foiate coenzym
es. T

his is an im
portant point because 5-C

H
3 -H

4 P
teG

lu is the 
pretlom

inant form
 o

f folate in serum
 (H

erbert and D
as, 1976). E

xperim
ents w

ith 
\'Jtarnin B

 J::,-deficient cultured L
l 210 m

urine leukem
ia cells yield results con

~iste11t w
ilh these considerations (F

ujii et al., 1982). T
he vitam

in B
12 -deficient 

•.d!~ 
accum

ulate 
5-C

H
3 -H

4 P
teG

lu 
w

hen provided w
ith P

teG
lu o

r 5-C
H

O
-H

 

1 P
teG

lu, and this accum
ulation is abolished on adding vitam

in B
12 to the cells. 

T
he accum

ulation o
f 5-C

H
3 -H

4 P
teG

lu at the expense o
f other folate com


pounds is usually term

ed the m
ethyl trap (N

oronha and S
ilverm

an, 1962; N
air 

anti N
oronha, I 983) and has been discussed extensively in relation to the m

ega
loblastic anem

ias o
f folate and vitam

in 8
12 deficiencies (B

eck, 1975; H
erbert, 

1978: S
cott and W

eir. 
1981) as w

ell as the degeneration o
f the spinal cord 

associated w
ith severe vitam

in B
 12 deficiency and w

ith N
2 0 

treatm
ent (S

cott et 
iii . 1981 ). T

he m
ethyl trap hypothesis adequately explains the results obtained 

in 1he rat liver (K
rebs et al., 

1976) and L
l2

1
0

 (F
ujii et al., 

1982) system
s 

n
it'n

iio
n

e
d

 previously as w
ell as the fact that m

ethionine prevents the degenera
tion o

f the ~pinal cord induced by N
2 0 

in m
onkeys (S

cott et al., 198 l). H
ow

ev
er. thi'.> hypQ

thesis does not explain the observation that m
ethionine adm

inistra
tion 

to
 patients w

ith m
egaloblastic anem

ia due to vitam
in B

12 deficiency show
s 

aggravated m
egaloblastosis in the bone m

arrow
 at the sam

e tim
e that urinary 

excrc:tion o
f form

im
inoglutam

ate is dim
inished (H

erbert and D
as, 1976). T

hus, 
although the folate deficiency is alleviated as judged by dim

inished form
im

ino
glutam

atc excretion, this does n
o

t suffice to prevent m
egaloblastosis. 

F
urther di~cussion o

f the m
etabolic relationship betw

een folate and vitam
in B

 12 
l.'~n be found in the sym

posium
 volum

e edited by Z
agalak and F

riedrich (1979) 
and in the review

 by S
hane and S

tokstad ( 1983). A
 sum

m
ary o

f the regulation o
f 

ihc m
etabolism

 of single-carbon units is given in T
able X

. 

D
. 

B
tO

S
Y

N
T

l-IE
S

JS
 O

F
 T

H
Y

M
ID

Y
L

A
T

E
 

!'he enzym
es serine hydroxym

ethyltransferase, thym
idylate synthase, and di

hydrofolatc reductase catalyze the reactions o
f the thym

idylate cycle (F
ig. 5), 

w
hil'h 1.:onvcrl~ the m

ethylene group o
f C

H
2 -H

4 P
teG

lu to the m
ethyl group o

f 
lhyrrndylate. T

his reduction reaction is coupled to the oxidation o
f H

4 P
teG

lu to 
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S
erine 

H
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FIG
. 5. 

T
he thym

idylate cycle. 

dU
M

P 

dT
M

P 

i-l~PlcGlu {F
riedkin. 1973). T

h
e thym

idylate cycle is crucial to the understanding 
q

( the m
edian ism

 o
f the cytotoxic action o

f m
ethotrexate. trim

ethoprim
, and 5-

nuorouracil 
(B

lakley. 
1969; 

D
anenberg, 

1977; 
H

itchings 
and 

R
oth, 

1980; 
l-k1dclberge1 

<.>t al., 
1983: H

itchings, 1983). T
h

e cytotoxicity o
f the first tw

o 
ag.:nt~ rests o

n
 their capacity to inhibit dihydrofolate reductase, w

hich prevents 
1hl.' re'-·ycling o

f H
~
P
t
e
G
l
u
 to H

4 P
teG

lu and thus prevents synthesis o
f thym

idy
latc. 

T
hym

idylate synthase is directly inhibited by 5-fluorodeoxyuridylate, a 
m

elahl)lite o
f O

uorouracil. 
C

ell-., unable to
 synthesize thym

idylate and devoid o
f an external source o

f 
ihym

i<line undergo thym
ineless death (C

ohen, 1971), apparently caused by the 
irn:orporation o

f uracil or fluorouracil into D
N

A
 follow

ed by their excision, 
leading to

 fragm
entation o

f D
N

A
 (Ingraham

 et al., 
1982; H

errick et al., 
1982; 

A
v
u
~
a
v
1
a
 er al., 

I 983b). 
. B

locking the thym
idylate cycle is not the only m

echanism
 by w

hich rnethotre
\ate and lluorourncil cause cytotoxicity. M

ethotrexate can kill cells by blocking 
purine biosynthesis (H

ryniuk et al .. 1975). and fluorouracil can b
e cytotoxic due 

to its incorporation into R
N

A
 (G

lazer and L
loyd, 1982; M

andel, 1982; D
olnick 

and P
ink, 1983). T

he sm
all am

ount oftluorouracil incorporated into D
N

A
 (K

ufe 
,., ol .. 

I 98 i; C
h

en
g

 and N
akayam

a, 1983) m
ay also be cytotoxic. 

F
 

B
1

o
s
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H
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s
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S
 

F
orm

yltiansferase reactions utilizing 
IO

-C
H

O
-H

4 P
teG

lu are involved in the 
bi1J:--yn1he:-i~ o

r form
ylglycinam

ide ribonucleotide and fonnylam
inoim

idazole
carh~)Xamide 

ribonudeotide on 
the de 

novo 
pathw

ay o
f purine 

biosynthesis 
<Sm

ith 
c
l al., 

1
9

8
lb

: B
uchanan, 

1982) (F
ig. 6). 

Sl!K!ic~ on the influence o
f m

ethotrexate pretreatm
ent on the m

etabolism
 o

f 
flu1irouracil 

in 
L

 12 IO
 cells illustrates the com

plex interrelationships betw
een 

T
H

E
 B

IO
C

H
E

M
IS

T
R

Y
 O

F
 F

O
L

A
T

E
S

 

purine and pyrim
idine m

etabolism
 (C

adm
an et al., 

1981). M
ethotrexate inhib

1 
tion o

f purine biosynthesis causes enhancem
ent o

f 5-phosphoribosyl 1-pyrophos 
phate levels, w

hich in tu
m

 increases the accum
ulation o

f fluorouracil ribonucleo 
tides, 

leading 
to 

synergistic 
cell 

killing, 
apparently 

due 
to 

the 
increase• 

incorporation o
f fluorouracil into R

N
A

. 
M

ethotrexate m
ay inhibit purine biosynthesis by (a) blocking the conver~ioi 

o
fH

2P
teG

lu fonned in the thym
idylate synthase reaction to H

4 P
teG

lu, leading t• 
a deficiency o

f fonnylation cofactors (N
ixon et al., 1973), o

r (b
) direct inhibi;io

1 
o

f the 
fonnyltransferase 

reactions 
by m

ethotrexate polyglutam
ates (B

aggott 
1983). E

levated levels o
f H

2 P
teG

lu have been reported in m
ethotrexate-inhibite<

 
L

l210 cells 
(N

ixon et al., 
1973; Jackson et al., 

1977), 
but no chan"e 

ii 
H

2P
teG

iu w
as seen in m

ethotrexate-treated ham
ster ovary cells (M

cB
u

m
e; an( 

W
hitm

ore, 1975). 

M
utants o

f L
l210 rnurine leukem

ia having im
paired salvage are m

ore sensi 
tive to m

ethotrexate toxicity in vivo than the parent line (B
row

m
an and C

sullog 
1981 ). T

hese results support the view
 that one com

ponent o
f the cvtotoxic <1ctior 

o
f m

ethotrexate involves a purineless m
echanism

. 
· 

F. 
R

O
L

E
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H
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 M
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O
C

H
O

N
D

R
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N
 

B
oth cytosolic and m

itochondrial fonns o
f serine hydroxym

ethyltransferase 
are know

n (C
hasin et al., 1974). In rabbit liver, the m

itochondrial form
 is sim

ilat 
in structure and m

echanism
 to the cytosolic form

 
but differs 

in 
am

ino a;;id 
com

position and in antigenicity and has a fourfold greater affinity for glycine 

+
 

H
 

H
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y
,::a

N
 N
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H4 P
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G
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) i 2 
H

 
J
' 

0 
H

,9
N

c
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O
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H

N
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,, 
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I 
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C
H

 
H

N
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ib
o

 .. -1
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O

=
C

'N
/C

'N
' 

F
orm

ylglycinom
ide 

kibose~t-P 
R

ib
o

n
u

cleo
tid

e 
lnosinic A

cid 

F
m

. 6. 
R

eactions catalyzed by (l) glycinam
ide ribonucleotide fonnyltm

nsfcra;.e and 12) am
i

ooinildazolecarboxam
ide ribonucleotide fonnyltransferase. Inosinic acid 

j;, the product because ihe 
enrym

c also catalyzes ring closure. M
ueller and B

enkovic (1981). 
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\(>chird1 and P
eterson, 1980). In C

hinese ham
ster ovary cells, 25%

 o
f the en

Ly1t1e activity is in the cytosol and 75%
 is in the m

itochondria (C
hasin et al., 

J97-11. 
A

 m
u

ta
n

t lacking only the m
itochondrial enzym

e requires glycine for 
~rowth i'ven though the cytosolic enzym

e rem
ains active. T

he mitochon~al 
,:nrvm

e re~ulates the supply o
f glycine available for grow

th (P
fendner and P

tzer, 
1q80: T

avlor and H
anna, 1982). E

xcess glycine can be cleaved by the glycine 
decJva<>c ·svstcm

 in the m
itochondria. 

h h
;, b;en proposed that the m

itochondrial and cytosolic serine hydroxym
eth

y l!rnnsfera~e~ are part o
f a shuttle system

 that serves to bring one-carbon units at 
lh~ rnethvlen..: level from

 the m
itochondria to

 the cytosol (C
ybulski and F

isher, 
1')701 (F

ig. h 
C

H
rR

-1P
teG

lu is form
ed in m

itochondria from
 the oxidation o

f 
tlw

 m
ethyl group~ o

f dim
ethylglycine and sarcosine (M

itchell and B
enevenga, 

1971): W
itt;cr an<l W

agner. 1981), w
hich are form

ed from
 betaine, an im

portant 
~()Ui\'t •)f m

d
h

y
l groups arising from

 dietary choline. T
he C

H
2 -H

4 P
teG

lu then 
react~ v.-ith 11.! ycine to fom

1 serine, w
hich is transported to the cytosol, w

here it 
lan

 b.: reco~~e11ed to CH~-H4 PteGlu and glycine. S
om

e o
f the C

H
2 -H

4 P
teG

lu 
uenernte<l in the m

itochondria is used to produce form
y!m

ethionyl-tR
N

A
, w

hich 
i-. u~ni in !he initiation o

f m
itochondrial protein synthesis (G

alper and D
arnell, 

j '!6lJ: L
uca:,,-L

enard and L
ipm

ann, 
l 97 l ). 

3-P
hosphoglycerote 

S
e

rin
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P
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T
he enzym

es discussed in this section (T
able V

lll) are num
bered to corre

spond to the num
bered reactions in the m

etabolic chart (F
ig. 4). T

he E
nzym

e 
C

om
m

ission num
bers (E

nzym
e N

om
enclature C

om
m

ittee, 
1979) are given in 

T
able V

III. 

I. 
D

ihydrofolate R
eductase 

a. 
G

eneral P
roperties. 

A
 great deal o

f literature has accum
ulated on this 

enzym
e (G

ready, 
1980), and o

th
er chapters in this volum

e deal w
ith enzym

e 
structure and structure-activity relationships. H

ere w
e cover som

e biochem
ical 

topics o
f current interest. 

D
ihydrofolate reductase catalyzes the reactions 

PteG
lu +

 N
A

D
PH

 +
 H

 +
 ->

 7.8-H
2 PteG

lu +
 N

A
D

P+ 
(I) 

H
2 PteG

lu +
 N

A
D

PH
 +

 H
+

 _,. 5,6,7,8-H
4 PteG

lu +
 N

A
D

P
' 

(2
) 

In both reactions a hydrogen atom
 is transferred from

 the A
 side o

f the reduced 
nicotinam

ide (P
astore and F

riedkin, 
1962) 

to 
the 

sam
e 

face o
f P

teG
lu 

and 
H

2 P
teG

lu, that is, the face tow
ard the view

er in F
ig. 

I (C
harlton et al., 

1979; 
P

astore et a
l., 1980). T

he orientation o
f the hydrogen atom

s can also be seen in 
F

ig. 2a, w
here the hydrogen atom

s added to C
-6 and C

· 7 are to the right o
f the 

plane o
f the pteridine. It is possible that the 5,6-double bond is reduced in both 

reactions. In E
q. (I) the initial reduction could be at the 5.6-positions follow

ed 
by a rearrangem

ent o
f 7,8-H

2 P
teG

iu. 
T

he reversibility o
f E

q. (2) can be observed spectrophotom
etrically (M

athew
s 

and H
uennekens, 

1960). 
A

t pH
 7

.0
 the equilibrium

 constant is 
5.6 

>.: 
10~. 

E
quation (l) is catalyzed m

uch m
ore slow

ly than E
q. (2) (B

lakley, 1969), and it 
has a low

er pH
 optim

um
. L

ittle reduction o
f P

teG
lu is seen at pH

 7 .0. N
onethe

less, dihydrofolate reductase is presum
ed to catalyze the conversion o

f P
teG

lu to 
H

4 P
teG

lu in vivo. 
R

eaction o
f the single cysteine residue in chicken liver dihydrofolate reductase 

w
ith organic m

ercurials, iodine, o
r tetrathionate causes up to a IO

-fold increase 
in activity (B

arbehenn and K
aufm

an, 1982). P
hysiological m

odifiers have not 
been found. N

o cysteine residues are found in the L
actobacillus casei o

r Strep
tococcus faecium

 enzym
es. B

oth the chicken liver and L
. casei enzym

es are 
activated by N

aC
l (D

ann et al., 1976; S
ubram

anian et a
l., 1981). T

he m
echa

nism
 o

f activation is not clear, but 
35C

!-N
M

R
 studies w

ith the chicken liver 
preparation show

 that chloride ion and N
A

D
P

H
 interact w

ith the enzym
e in a 

com
petitive m

anner (S
ubram

anian et al., 
1981). 

It has 
been suggested that 

chloride m
ay activate the enzym

e b
y

 facilitating the release o
f products. 

b. 
Substrate Specificity. 

S
om

e folate analogs show
ing substrate activity w

ith 
dihydrofolate reductase include H

rh
o

m
o

fo
late (P

lante et al., 
1967), 

H
2

- l l-
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o\.ahu111•if,,J~1k {i'!..1ir et al .. 
1980), H

rl 1-thiohom
ofolate (N

air et al., 
1979), 

H
 ,i-'11·-r>G~t1 

( K
 i~liuf.. 

er 
al., 

1977), 
7,8-H

2 -biopterin 
(K

aufm
an, 

1967), 
and 

H~Pt<:LV\ (Phm
te <:t al., 1976). II w

as suggested som
e tim

e ago that dihydrofo
fa~,-

rctiu\.'ta!-><:, 
w

hich is som
etim

es present at high levels in m
ethotrexate-re

•,1;,w
n1 o~IJ line:-,, m

ight be utilized to catalyze the form
ation o

f a toxic H
4 P

teG
lu 

im
:liog in 1•il'o ! Plante et al., 1967; F

riedkin et al., 1971). Such a situation has 

1101 
Y

d
 h

ccn
 docum

ented. 
n°ihvJrnfolute 

reductase 
catalyzes 

the 
reduction 

o
f H

2 P
te 

polyglutam
ates 

1c .. w
::rd <'I a

l .. 
1974). W

ith the hum
an enzym

e, decreased K
m

 values are seen 
,;,,ith hm

l.!l'l' 1tlutam
att' chains; how

ever, w
ith the L

l2
1

0
 enzym

e little change is 
-.ecn. 

H
;PteU

lu<, is a substrate for l. casei dihydrofolate reductase (K
isliuk et 

11/ .. 
l'-'7-4i. 

, . 
.5ul>u11i1 S

1rnct11re. 
M

ost dihydrofolate reductases are m
onom

ers having 
111vkrnlar w~·ighl~ 

betw
een 

18.000 and 
22,000. 

H
ow

ever, 
tw

o types o
f di

hvdrofohk reductase coded 
by E

. 
coli plasm

ids that confer resistance to tri
n:iclhoprim

 are dim
ers or tetram

ers. T
ype [ contains tw

o subunits, each o
f M

, 
f 8

JJ0
0

. T
ype II contains four subunits, each o

f M
r 8500. T

ype II enzym
e does 

1101 c1m1~1in the cunscrved am
ino acid residues found in 

the vast m
ajority o

f 
enzr me~, tha1 catalyze this reaction (S

m
ith et al .. 1979; Fling and E

lw
ell, 1980). 

Thl~ tlihv<lrofolate -reductase produced by coliphage T
4 is a dim

er w
ith subunits 

1
)f :~J, i.1.xoo anJ thus resem

bles the plasm
id type I enzym

e (Purohit et al., 
I 'J:\ I L 'f h•: T.:J. enzym

e is 
less sensitive to trim

ethoprirn inhibition than m
ost 

biw
tcnal 

1 lihv<lrnfolatc reductases. 
lll C

1i1hidio 
f'asciculata, 

P
fasm

odium
 berghei, and m

any other protozoans, 
dih vd1\)folate r~<luctase shares a bi functional peptide M

r 56 ,700 w
ith thym

idylate 
•,yi;tiw

se iF
em

ne and R
oland, I 980; C

oderre et al .. 1983). In C
. fasciculata this 

bifonctinnal protein •xcurs in aggregates o
f M

r 100,000-200,000. 
A

n ._;nzvm
aticall y inactive protein o

f M
r 4 l ,000 that reacts w

ith antibodies to 
p

m
ik

d
 c·~lf liver <lihydrofolate reductase has been found in hum

an leukocytes 
1 R

N
henhcrg and Iqbal. i 982). Its relation to active dihydrofolate reductase is not 

krn)w
n. 

!I~ 
rnnccntration 

is 
m

uch 
higher 

than 
that 

o
f active 

dihyclrofolate 
rcd1k'la~,-. 

J 
( 'c!/11/ar D

is1rihutio11. 
D

ihydrofolate reductase 
is 

reported 
to 

be 
in the 

,_·y1,1pb~m o
f anim

al cells (W
ang et al.. 

1967; B
lakley, 

1969). Som
e studies 

··•Jt:!.!c:-.C how
e vcr. that in C

hinese ham
ster em

bryo fibroblast cells, six enzym
es 

a:,~1~1:iat..:J w
ith D

N
A

 precursor m
etabolism

. including dihydrofolate reductase, 
;lfe a~'>O<'l<lled w

ith the nucleus during the S-phase o
f cell grow

th (R
eddy and 

Pardee. 
1980: N

oguchi et al .. 1983). 
A

lthough dihydrofolate rcductase is often associated w
ith grow

ing tissue, it is 
,1b;1 prc-;ent in brain (S

pector l!1 al .. 1977). 
/11 ritru ~tudie~ w

ith L. casei dihydrofolate reductase show
 that it binds to L

. 
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casei D
N

A
 containing the dihyclrofolate reductase gene, 

suggesting 
that the 

enzym
e m

ay regulate its ow
n synthesis (G

ronenbom
 and C

lore, 1983). 

e. 
C

rystallographic Studies. 
T

he structures of three dihydrofolate reductases 
have been solved by X

-ray crystallography. 
T

hey are 
(a

) the m
ethotrexate

enzym
e com

plex from
 E. coli (M

atthew
s et al., 1977), (b) the N

A
D

P
H

-
m

etho
trexate-enzym

e com
plex from

 l. casei (M
atthew

s et al., 
1978; B

olin et al .. 
1982; F

ilm
an et al., 1982), and (c) the N

A
D

P
H

-2,4-diam
ino-5,6-dihydro-6,6-

dim
ethyl-5-( 4

' -m
ethoxyphenyl)-s-triazine-enzym

e com
plex from

 chicken liver 
(V

olz et al., 1982). From
 the w

ealth o
f useful inform

ation accrued from
 these 

studies, an outstanding fact is that m
ethotrexate binds to the enzym

e w
ith its 

pteridine ring rotated 180° from
 that o

f the substrate H
2 P

teG
lu. T

his possibility 
w

as suggested by M
atthew

s et al. ( 1978) for the l. casei system
 and w

as proved 
to be the case w

hen it w
as found that the absolute configuration o

f biological 
H

4 PteG
lu derivatives is opposite to that predicted from

 the N
A

D
P

H
-

m
ethotre

xate-
enzym

e m
odel (F

ontecilla-C
am

ps et al .. 1979). It is probable that A
sp-26. 

the likely proton donor to the pteridine ring in the enzym
e-catalyzed reaction. 

interacts w
ith N

-3 o
f H

2 PteG
lu rather than w

ith the N
-1 position, as 

i~ the case 
w

ith m
ethotrexate (B

olin et al .. 
1982). 

f 
N

M
R

 Studies. 
T

he extensive and detailed N
M

R
 studies on dihydrofolate 

reductase and its interaction w
ith ligands have been review

ed (M
atthew

s, 1979; 
B

lakley, 1981; C
ohn and R

eed, 1982; R
oberts, 1983). G

enerally, the conform
a

tional m
obility o

f the protein is decreased by ligand binding. T
he chem

ical shifts 
-O

bserved in hydrogen and carbon in histidine (Poe et al., 1979a; G
ronenborn et 

al., 1981), m
ethionine (B

lakley et al., 1978), arginine (C
occo et al., 1977), and 

tryptophan (G
roff et al., 1981) residues on ligand binding are in accord w

ith the 
structure o

f the dihyclrofolate reductase involved. S
om

e o
f the specific points 

elaborated by N
M

R
 studies are as follow

s. (a) 
13C

-N
M

R
-pH

 titration studies 
w

ith the S. faecium
 enzym

e show
 that the association constant for the binding o

f 
m

ethotrexate is sufficiently increased w
hen protonation o

f N
-1 occurs to account 

for the increased binding o
f m

ethotrexate as com
pared w

ith folate (C
occo ct al. , 

1981), and (b) the 2
'-P

 o
f N

A
D

PH
 binds to the L

. casei enzym
e as a dianion 

(H
yde et al., 

1980). T
he signal for this atom

 bound to th
e
£

. coli enzym
e is 

sm
aller, indicating that the conform

ation o
f N

A
D

PH
 differs in the tw

o enzym
e 

com
plexes (F

eeney et al., 1977). 
E

ven w
ith the extensive structural 

inform
ation available for dihydrofolate 

reductase, it is often difficult to assign the N
M

R
 bands for individual am

ino acid 
residues. Studies in w

hich ['y-
13C

]tryptophan (Fig. 8a) w
as incorporated into the 

S.faecium
 and L. casei enzym

es illustrate this point. E
ach o

f these enzym
es has 

four tryptophan residues. In the case o
f the S, faecium

 enzym
e, four N

M
R

 bands 
are seen, tw

o o
f w

hich are altered by ligand binding (G
roff et al., 1981 ). It is not 

po&
sible to assign the N

M
R

 bands to specific residues w
ith certainty. S

im
ilar 
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) and L
actobacillus casei dihydrofolate reduc-

1:1s~ c .. n1aining h-B
C

)tryptophan (b). T
he internal standard is tetram

ethylsilanc. T
he ligands w

ere 
,1<l<l~d 

t\1 the apocnzym
e 

(A
) in the order indicated. 

B
ecause m

ethottexate (M
T

X
) and N

A
D

PH
 

Jisplace !'olate and N
A

D
P

, respectively, from
 the enzym

e, the spectra show
n are (B

) enzym
e-folate, 

1C
1 em

ym
e-N

A
D

P
-folate, (0

) enzym
e-N

A
D

P
-m

cthotrexate, and (E
) enzym

e-
N

A
D

P
H

-
m

etho
trcxale 

T
h
~
 ligm

1dlei:L
ym

e concentration ratios w
ere folate, 1.2: N

A
D

P
, 2; m

ethotrexate, 1.2; and 
N

A
D

PH
, 

1.2. 
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difficulty is encountered w
ith the L

. casei enzym
e containing [ -y-

13C
]tryptophan 

inpositions5, 21, 133, and 158 (P
astore eta/., l9

8
l;E

. J. P
astore, L. T

. Plante, 
R

. L. K
isliuk, J. M

. W
right, D

. S
trum

pf, and N
. 0

. K
aplan, unpublished). In 

this instance only three N
M

R
 bands are seen, one o

f w
hich (band 2) has double 

am
plitude (Fig. Sb). T

his large band, w
hich is close to that seen in free tryp

tophan, is unaltered by P
teG

lu, N
A

D
P

, N
A

D
PH

, or m
ethotrexate binding in 

binary or ternary com
plexes and w

ould appear to belong to residues 133 and 158, 
w

hich are rem
ote from

 the active site and in close proxim
ity to one another 

(Film
an et al., 1982). H

ow
ever, refinem

ent of the X
-ray data has show

n that the 
local environm

ents o
f the ')'-carbons o

f these tw
o residues in the crystal are 

different; that of residue 133 is at the sutface and solvent accessible (eight H
2 0 

w
ithin a 6-A

 radius), w
hereas that o

f residue 158 is buried and tightly packed by 
various side chains. T

he observed m
agnetic equivalence of the "(-carbons of 

T
rp-133 and T

rp-158, despite their environm
ental differences 

in the crystal, 
suggest that the solution and crystal structures o

f the enzym
e are not the sam

e or 
that the resonances are incorrectly assigned. B

and 3 at 107 .5 ppm
 in the ap

oenzym
e (Fig. 8A

) m
ost likely represents T

rp-5 because its chem
ical shift is 

upfield from
 tryptophan in solution, consistent w

ith the fact that the side chain of 
T

rp-5 is directed to a hydrophobic pocket, w
hich w

ould be expected to result in 
the increased shielding. 

L
igand binding leads 

to a sharpening o
f this 

band, 
indicating decreased m

obility. T
he peptide backbone at T

rp-S is in contact w
ith 

the pteridine ring of m
ethotrexate in the m

ethotrexate-N
A

D
P

H
-enzym

e com
plex 

(B
olin et al., 

1982). B
and 1 (F

ig. 8A
) at 110.4 ppm

 m
ost likely arises from

 
T

rp-21, w
hich is a contact residue for both m

ethotrexate and N
A

D
P

H
. T

his 
residue is conserved in m

ost dihydrofolate reductases, w
hich is not the case for 

residues 5
, 133, and 158 (F

reisheim
 et al., 

1979). M
obility o

f this residue is 
indicated by the doublet observed in the P

teG
lu-enzym

e binary com
plex (Fig. 

SB
) and in the P

teG
lu-N

A
D

P
H

-enzym
e-ternary com

plex (Fig. 8C
) but is not 

present in the com
plexes w

ith m
ethotrexate. 

g. 
C

alorim
etry. 

M
ajor differences are seen in the binding o

f pyridine nu
cleotides and folates to the chicken liver enzym

e (Subram
anian and K

aufm
an, 

1978). N
A

D
PH

 and N
A

D
P

 show
 sm

all negative enthalpies and large positive 
entropies, w

hereas the binding o
f folate and m

ethotrexate yields large negative 
enthalpies and sm

all negative entropies. T
he enthalpy of m

ethotrexate binding 
dem

onstrates that proton transfer is associated w
ith binding, w

hich is not found 
w

ith PteG
lu or H

2 P
teG

lu. 

h. 
L

aser R
am

an Spectroscopy. 
S

tudies w
ith the L. casei enzym

e show
 that 

the 1685 c
m

-
1 band assigned to the carboxam

ide o
f N

A
D

PH
 persists in the 

N
A

D
P

H
-enzym

e binary com
plex but is absent from

 the N
A

D
P

H
-

m
ethotre

%
file-enzym

e ternary com
plex (D

w
ivedi et al., 1981). T

his is ascribed to stabil
ization o

f the polarized form
 o

f the carboxim
ide by hydrogen bonding to the N

H
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<
lil!I C

U
 ;,;rnups o

f A
la-6 and lle-13 o

f the peptide backbone on ternary com
plex 

t;1rm
a11,m

. 
n1,1k; 

e1 a
l 

11981) show
ed that there are m

arked spectral differences at the 
i .\lH

J--1350 cm
 

' region betw
een free and enzym

e-bound (L. casei) m
ethotrex

att. \\'htC
h :,uggest changes at the benzoylam

ide bond. 
13C

-N
M

R
 studies also 

indka!e change:,, 
at 

this 
bond 

(P
astore 

et al., 
1979). 

B
enzoyl(

13C
]carbonyl

b
b

d
cd

 folate and arninopterin show
 strong shielding in the enzym

e-bound form
s 

a
tirib

u
lt'd

 
to 

the 
proxim

ity 
of the ! 1 3C

]carbonyl 
to 

P
he-49. 

Streptococcus 
l(/cf'i11m

 dihvdrofolate reductase lacks an arom
atic am

ino acid in the correspond
. ing 

positiot;. 
and 

~hielding 
is 

not 
observed 

w
ith 

the 
enzym

e 
bound 

ben
zoyll' 'C

jcarbonyl-labeled folate o
r am

inopterin (P
astore et al., 

1979). 

S
!'l'!ll<

' H
ydruxym

ethyltransferase 

<1. 
fl<!11crn/ P

roperties. 
T

his enzym
e catalyzes the interconversion o

f glycine 
:rnd ocrinc: 

(3) 

'fh.: 
1e;1cl!on 

;,, reversible and has an equilibrium
 constant o

f IO
 (R

ader and 
l-lurnncken~. 

1973). P
ure enzym

e has been obtained from
 rabbit (S

chirch and 
M

a:-.on_ 
1

%
3

l. pig <M
atthew

s et al., 
1982), beef (Jones and P

riest, 1976), and 
1am

h liver (U
levich an<l K

allen, 1977). T
he role o

f the cytosolic and m
itochon

drial h
xm

s .:•f thit-. enzym
e in the generation o

f single-carbon units is discussed in 
'iccti11n V

l.F
. S

chirch (1982) has review
ed research on serine hydroxym

ethyl
transkrase w

ith em
phasis on its structure and m

echanism
. 

T
h, 

liver l:!nzvm
es 

are 
tetram

ers containing four identical 
subunits o

f M
r 

55J)(lll. E
ach sul1tm

it contains a m
olecule o

f pyridoxal phosphate. C
ooperative 

interw
:1ions am

o
n

g
 the subunits on binding pyridoxal phosphate o

r H
4 P

teG
lu 

hJ\'t' n
u

l hcen dem
onstrated (S

chirch and Q
uashnock, t 98 I; Q

uashnock et al .. 
l9~31. H

.;P
teG

lu has at least tw
o roles in the reaction (S

chirch, 1982). It en
hance~ the addition and rem

oval o
f C

H
2 0 

from
 the active site, and it facilitates 

the 
r;.:m

oval 
,1f the 2s proton o

f glycine to a base on the enzym
e (F

ig. 
9). 

l·k1w
,:\e1, pure enzym

e catalyzes serine form
ation from

 C
H

2 0 and glycine in the 
:1h~1:11 ... c o

f H
..,PteG

lu. P
yridoxal phosphate is required for activity; one m

olecule 
1:. pn:~(·nt on each subunit o

f the enzym
e bound as a S

chiff base to an E
-am

ino 
f!rnup 

ni' 
lysine. 

P
yndoxal 

phosphate can b
e rem

oved from
 

the enzym
e by 

trt·atm
enl w

ith 1.C
ys o

r oA
Ja. 

S
erine hydm

xyrnethyltransferase form
s ternary com

plexes w
ith glycine and 

C
H

 1 -1-1
4 PteG

h1 o
r w

ith glycine and H
4 P

teG
lu, w

hich have an absorption peak at 
497 nm

 ( S
chirch. 1982). T

his perm
its spectrophotom

etric titration o
f the interac

tion . •f ligand-; w
ith the enzym

e and the determ
ination o

f dissociation constants. 
T

h•: ;Jh~orptk•n peak is due to a quinonoid form
 o

f pyridoxal phosphate (F
ig. 9). 

lilcrl'a~ing the polyglutam
ate chain length o

fC
H

3 -H
4 P

teG
Ju enhances the form

a-

T
H

E
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H
E

M
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T
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O
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E
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H
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2 

Q
" 
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H

N
 

i. 
~
H

2 N
H

 
~ 

/, C
N

H
C

H
 

II 
C

H
 

H
 

C
H

2 
0 

3 
0 

C
H

2 
II 

coo-
H

, ,....c-o· 
c 11 

W
:B

 

0 
H,C"'~ 

-
II 

II 
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0
-
r
:
O
C
H
~
O
 

O
 

~N)lCH3 
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Fro. 9. 
E

nzym
atically inactive com

plex o
f serine hydroxym

ethyltransferase, 5-m
ethyl tetrnhv

drofolate, glycine, and the quinonoid form
 o

f pyridoxal phosphate (A
.m

a. =
 497 nm

) in w
hich the i.·. 

proton of glycine is transferred to a basic group on the protein. 

tion o
f the inactive glycine-5-C

H
3 -H

4 P
teG

lu-enzym
e com

plex, w
hich in vivo 

w
ould dim

inish the form
ation o

f single-carbon units from
 serine, as discussed in 

S
ection V

l,C
 (M

atthew
s et al,, 1982). 

b. 
Substrate 

Specificity. 
S

om
e 

o
f 

the 
reactions 

catalyzed 
by 

serine 
hy

drox~methyltransferase are listed 
in T

able X
I (S

chirch, 
1982). 

F
our types o

f 
reaction are show

n: aldol cleavage (reactions 1-3), transam
ination (reaction 4). 

defluo~ination (reaction 5), and decarboxylation (reaction 6). O
nly reaction I has 

a re~mrement for H
4 P

teG
lu. R

eactions 2 and 3 show
 that the enzym

e is not 
specific as to the stereochem

ical configuration at the 13-carbon o
f the am

ino acid 
in ~at it catalyzes the cleavage o

f both threonine and allothreonine. 
Isotope 

studies dem
onstrate that inversion o

f the configuration o
f the hydrogen atom

s on 
the C

H
2 group occurs during the conversion o

f serine to glycineto the extent o
f 

24%
 (T

atum
 et al., I 977b). S

im
ilar partial stereospecificity is found during the 

conversion o
f form

ate 
to serine b

y
 rat liver slices (B

iellm
ann and 

S
chuber. 

T
A

B
L

E
 X

I 

S
O

M
E

 R
E

A
C

T
IO

N
S

 C
A

T
A

L
Y

Z
E

D
 B

Y
 S

E
R

IN
E

 HYDROXYMETHYLTRANS~ERASl"" 

I. L
-Serine +

 H
4 PteG

lu--> glycine +
 C

H
rH

4 PteG
lu 

2. 
L

·T
hreonine--+ glycine +

 acetaldehyde 
3. 

L
-A

llothreonine __,.glycine +
 acetaldehyde 

4. 
o-A

lanine +
 pyridoxal phosphate --+

 pyruvate +
 pyridoxam

m
e phosphate 

5. 
13-o-Fluoroalanine---> H

F +
 pym

vate +
 N

H
4 +

 

6. 
A

m
inom

alonate --+
 glycine +

 C
0

2 

afrom
 Schirch (1982) and W

ang et a
l 

(1981). 

~
 

l.O
 

=
 t---

"""" 
in

 
0 

N
 

0 
0 

I 
"O

 
N

 

=
 0 

~
 

0 
rJl .... ...... 

... .c 
... -= ~ ~ 
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,L
l6

h
 

\V
11en 

glycine and acetaldehyde 
are incubated 

w
ith the enzym

e, 
the 

prod11d:-. are 9
8

%
 allothreonine and 2%

 threonine (S
chirch, 1982). 

CII:-H-~PteGlu<• has a m
uch higher affinity for the pig liver enzym

e than does 
H

 J'h~(lll• 1M
atthew

s ct a
l .. l982). 

(. 
h

1
/iih

i(llrs. 
S

erine 
hydroxym

ethyltransferase 
is 

a 
potential 

site 
for 

the 
, \'lo

h
Y

'.ic action 
o

f chem
otherapeutic agents because its inactivation w

ould b
e 

,;:,pedct..l i.) lead to low
er thym

idylate form
ation due to dim

inished levels o
f C

H
2

-

H
 1 P

tcnlu. o-C
ydoserine, w

hich inhibits the enzym
e, is reported to inhibit the 

·•row
m

 o
f Frien<l leukem

ia cells in m
ice (B

ukin et al., 1979; B
ukin and D

raudin
Kn ienko. 19301. T

etrahydrohom
ofolate inhibits the serine hydroxym

ethyltrans
fcr~'>e 

o
f LI 2 IO 

cells 
(S

canlon et al.. 
1981), 

but w
hether this 

inhibition is 
rcspon:-.ible for the cytotoxic effect o

f the com
pound is uncertain (K

isliuk, 1982). 
!3-n-F

luoroalanine is an interesting inhibitor o
f serine hydroxym

ethyltransfer
;.l'><~ (W

an(; 
t:1 a

l .. 
1981). T

he enzym
e catalyzes tw

o reactions w
ith this com


pu1m

d 
T

he 
first 

involves its conversion to pyruvate, hydrogen fluoride, 
and 

,1m
m

lm
ia and is harm

less (T
able X

I). H
ow

ever, once in 5
0

 turnovers, a cysteine 
r(."sidut near the active site becom

es alkylated by a three-carbcn residue from
 the 

:,:uh>ff:ite am
.l the enzym

e is inactivated. T
h

e inactivation reaction is enhanced by 
adding H

.1 P
teG

lu. 

_... 
G

/_h i11e ( '/cm
'axe System

 

(d
y

cin
t is rcver~ibly cleaved to C

0
2

, N
H

3
, and C

H
2 -H

4 P
teG

lu by the glycine 
, kav<1gt· ·,yskm

 1Fig. 10), w
hich has been dem

onstrated in anim
als (H

iraga and 
"it;m

:hL
 

I 980a). plants (C
ossins and S

inha, 1966), and bacteria (O
gur et al., 

I >J77). 
T

he com
ponents o

f the system
 have been purified from

 chicken liver 
m

it1K
ho11dria (H

iraga and K
ikuchi, 1980a,b) and from

 P
eptococcus glycinophi

/11s fl((•binsori e1 al., 1973). B
oth system

s consist o
f four proteins, w

hich play a 
s1m

:lar n
•k

 in ead1 system
. 1

h
e chicken liver proteins are designated P

, H
, T

, 
'ind L

 (F1~. 
IO

J. 
T

he P-i.;rotcin. or glycine decarboxylase, consists o
f tw

o identical subunits o
f 

m
ok1:uhir w

eight I00,000. each containing a m
olecule o

f pyridoxal phosphate. 
A

lone. thi'; protern ha~ very low
 activity but can slow

ly catalyze the form
ation o

f 
(.J-1 ~NI lo 

lrom
 glycine. T

he activity o
f P

-protein is greatly stim
ulated by H


pm

Lein <-M .. l 4
J
)()()). w

hich contains lipoic acid. L
ipoic acid alone can stim

ulate 
P-p1\>tein 

..ictivity. 
T

he P
-protein and H

-protein 
interact to 

form
 a com

plex, 
'' hich can be dem

onstrated by gel filtration o
r sucrose density gradient cen

trif11g<1ti«11. O
ne m

olecule o
f H

-protein binds to each subunit o
f P

-protein. T
he 

C
•.)m

pkx 
rntalyz~s the conversion o

f glycine to C
0

2
, N

H
3

, and C
H

2 0
. 

T
he T

-protein <M,. 40,000) requires H
4 P

teG
lu for its activity and catalyzes the 

di:&
radati1m

 o
f an cn

zy
m

e-b
o

u
n

d
-C

H
2 N

H
2 m

oiety to C
H

2 -H
4 P

teG
iu and N

H
3 

(()], am
ur•1-lkcda e

l al .. 1982). T
his protein is basic (pl =

 9.8) and form
s a I: l 

c1)m
pln 

w
ith 

the 
acidic 

H
-protein 

(pl =
 4.0). 

T
he 

T
-protein 

o
f rat 

liver 

T
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E
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H
E

M
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T
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O
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=
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Fm
. 10. 

R
eactions o

f the glycine cleavage system
 (PL

P, pyridoxal phosphate, PA
L

P, pyndox
am

ine phosphate). 

m
itochondria has a m

olecular w
eight o

f 33 ,000 and is less stable than the chicken 
liver m

itochondrial enzym
e (M

otokaw
a and K

ikuchi, 1974). T
he L

-protein is an 
N

A
O

-dependent flavoprotein that catalyzes the dehydrogenation o
f reduced H


protein (M

otokaw
a and K

ikuchi, 
1974). 

L
ikely functions for the glycine cleavage system

 are the m
etabolism

 o
f excess 

dietary glycine o
r glycine arising from

 serine and choline and the provision o
f a 

source o
f form

yl groups for the form
ation o

f form
ylm

ethionyl-tR
N

A
, w

hich is 
required for the initiation o

f protein synthesis in m
itochondria (F

ig. 7). lt has 
been 

show
n 

that 
glycine 

m
etabolism

 
is 

sensitive 
to 

the 
oxidation 

state 
o

f 
m

itochondria (H
am

pson et al., 
1983). 

M
etabolism

 w
as 

m
axim

al 
in 

the 
un

coupled state and low
 w

hen respiration w
as inhibited. 

In hum
ans afflicted w

ith nonketotic hyperglycinem
ia, the glycine cleavage 

system
 is defective, leading to high glycine levels, w

hich interfere w
ith nerve 

function (S
tanbury et al., 

1983). 

4. 
Thym

idylate Synthase 

a. 
G

eneral P
roperties. 

T
hym

idylate synthase, dihydrofolate reductast!, and 
serine hydroxym

ethyltransferase are com
ponents o

f a system
 that catalyzes the 

form
ation o

f dT
M

P
 from

 dU
M

P
 (F

ig. 5). T
hym

idylate synthase catalyzes the 
reductive m

ethylation o
f dU

M
P

 (F
riedkin, 1973), utilizing C

H
rH

4 P
teG

lu as the 
source o

f the single-carbon unit as w
ell as the reductant: 

(4
) 

D
ihydrofolate reductase and serine hydroxym

ethyltransferase catalyze the re
generation o

f C
H

2 -H
4 P

teG
lu from

 H
2 P

teG
lu. 

T
he hydrogen o

f C
-6 o

f C
H

2 -H
4 P

teG
lu stereospecifically reduces the m

eth-

Teva 
Exhibit 1002-00577
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! l-:n'-
g

w
u

p
 io a m

ethyl group (P
astore and F

riedkin, 1962; T
atu

m
 et al., l 977a). 

nit.: r~a\'ti•m is [rreversible, the equilibrium
 constant being too low

 to m
easure 

:E11!hm
a11 

e
l ,tf. 

1973). 

T
h,; e

n
L

ym
c rnlalyzes the exchange o

f the hydrogen o
n

 C
-5 o

f the d
U

M
P

 w
ith 

th.: prutun:o of w
ati:r (L

om
ax and G

reenberg, 1967) as w
ell as the dehalogenation 

,,r 5-iodo-
and 5-brom

o-dU
M

P
 (G

arrett et al., 
1979). 

A. li:>t .;f som
e sources o

f purified thym
idylate synthase along w

ith their M
, and 

i\.n value'., are given in T
able X

II. 
In L. casei (C

rusberg et al., 
1970) and S. 

.Jitecium
 1A

lbrech1 ct al., 
1966) the 

levels o
f both thym

idylate synthase and 
dihydrnfolatt: 

rcdU
1:tase 

are 
enhanced 

in
 

m
ethotrexate-resistant 

strains. 
In 

C
rilhidia j(1scic11!t1ta and o

th
er parasitic protozoans, thym

idylate synthase an
d

 
dihydrofol:tte reductase are found associated w

ith the sam
e polypeptide chain 

11-'eninc and R
oland. 1980; C

oderre et al., 1983). R
ecom

binant D
N

A
 techniques 

have hecn u~ed to enhance levels o
f the £

. coli and coliphage T
4

 thym
idylate 

~.ynth:t~es to a g:reat extent (B
elfort et al., 

l9
8

3
a,b

). 

T
A

B
L

E
 X

II 

S
o

u
R

c
i,s

 <>~ 
P

U
R

IH
E

O
 T

H
Y

M
ID

Y
L

A
T

E
 S

Y
N

T
H

A
S

E
 

C
H

rH
4 PteG

lu 
dU

M
P 

D
im

er M
, 

R
eferences 

i\ti:th~ )ir~l\ ]tl'-n
 .. ·,istani 

L
ie

 /l)b
d

1
 1/JH

,, 
C

d
!,t'f 

'\)•:ltm
li\.'\,1

t1
. .. 

n.."t~l~tn1 

S1r~p1m. 
11 <

 "·" Jac•cium
 

l 
>

l Ju>t•h ith4 \ tl/j 

(·llip
h

:1
g

.: r.1 
~)d\'i /W

f'O
trl ,'< t'\' 

t l't<
..T

i'll(/(.' 

(hrhc·h ,t'-'.'lk
' l':m

:inom
a 

(h1.:h 
~
m
h
r
y
"
 

L1~1\J c
d

h
 

I-k
l" celJ-, 

l-lllilW
l kul.~nllc' ~..:lh 

f ,d: 
tli_

\llh
l'· 

( ti;Jdditt 
Jtf\t'i.O

t/d
fJ.J 

30" 

14" 

20" 
70" 
43b 

14
1' 

J
th

 

3
1

" 

16" 

~()(\" 

·'"'"..ihll'a~ 
tha:..kti.:oi...,umL~r ~a C

-6. 
"f'.1ixw

t{. 
~·r drn"}lC

r\.·oi .... ()lf\C
f!'J at C

-6. 

8 

10 6 5 6 8 2 2 

9 3 

· lt/ith
 llih\'llrotol.itc· rccuc·ta-;e on the sam

e protein. 

73,176 
L

eary and K
isliuk (1971), 

72.000 

64,000 

64,000 
65,000 
69.000 
58,000 
75.000 
72.000 
66,000 

77,000 

107.000 

G
alivan er al. (1975), 

D
unlap (1978), M

aley et 
al. (l979a), K

isliuk et 
al. (1981) 

R
ao and K

isliuk (1983) 

H
aertle et al. (1979), 
B

elfort et al. (1983b) 
B

elfort et al. (l983a) 
B

isson and T
hom

er (1981) 
Jastreboff et al. (1982) 
L

orenson et al. ( 1967) 
R

ode et al. (1979) 
R

ode et al. (1980) 
D

olnick and C
heng (1977), 

L
ockshin et al. (1979) 

H
orinishi and G

reenberg 
(1972), D

w
ivedi et al. 

(1983b) 
Ferone and R

oland (1980) 
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T
h

e am
ino acid sequences o

f L. 
casei (M

aley et al., 
l 979a) and E. 

coli 
(B

elfort et al., 
1983c) thym

idylate synthases are k
n

o
w

n
. 

b. 
Substrate Specificity. 

C
ongeners o

f dU
M

P
 in w

hich either o
f the 2

' -hydro
gen atom

s is replaced w
ith a hydroxyl g

ro
u

p
 o

r fluorine atom
 show

 detectable 
substrate activity (T

able X
lll). T

h
ese four analogs h

av
e not been tested u

n
d

er 
com

parable conditions. T
h

e conform
ation o

f the pentose proposed as m
o

st favor
able for substrate activity is 2

' -endo (S
) (H

aertle et al., 1979) (F
ig. 11 ) , but the 

evidence for this v
iew

 is incom
plete (B

irnbaum
 et al., 

1982) . 
JIP

-N
M

R
 and calorim

etric studies sh
o

w
 that d

U
M

P
 binds to the L. 

casei 
enzym

e w
ith the phosphate in the dianionic fonn (B

eck
ag

e et al., 
1979; B

eau
dette et al., 

1980). 
C

om
pounds incapable o

f form
ing a dianion, 

such as the 
m

ethyl phosphate derivative o
f d

U
M

P
, are not active as substrates for the E

. coli 
enzym

e (H
oly and V

otruba, 1974). A
 likely site for th

e interaction o
f the p

h
o

s
phate is an arginine residue (B

elfort et al., 
1980). 

W
ith the L. casei enzym

e, 12-
to

 20-fold low
er K

0
1

 values are 
seen w

ith 
H

4 P
teG

lu
3

_
7 as cofactors as com

pared w
ith H

4 P
teG

lu (K
m

 =
 

24 µ
M

) (K
isliuk 

et al., 
1981). H

ow
ever, w

ith the calf thym
us en

zy
m

e, H
4 P

teG
lu, H

4 P
teG

lu
3

, 

and H
4 P

teG
lu

7 all h
av

e Km
 values n

ear 15 µ
M

 (D
w

ivedi er al., 
1983a). 

P
teroyl polyglutam

ates have a h
ig

h
er affinity for thym

idylate synthase than the 

T
A

B
L

E
 xm

 

A
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R
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A
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C
om

pound 

Pyrim
idine nucleotides 

U
M

P 

A
ra-U

M
P 

2' -D
eoxy-2' -fluororibouri

dy!ate 
2'-D

eoxy-2' -fluoro-A
ra

uridylate 
4-T

hio-2' -dU
M

P 
Fol ates 

5, 11-C
H

 2 -H
4 -H

om
ofolate 

C
H

2 -H
4 PteL

ys and C
H

r 
H

4 P
te( di-0<-lysyl)-L

ys 

E
nzym

e source 

C
hick e

m
b

ryo
 

lactobacil/us caset 
C

oliphage T
2 

E
scherichia coli K

12 
E

. 
coli K

12 

L. 
casei 

L. 
casei 

L
 

casei 
Streptococcus faec1um

 

M
ouse reticulocytes 

H
eL

a cells 
C

H
O

 cells 
L

1210 cells 
E

. coli 

R
eferences 

L
orenson et al. ( 1967) 

D
unlap et al. ( 197 ll 

Pizer and C
ohen ( 1960) 

W
ohlrnb et al. 

il978l 
W

ohlrab et al. ( 1978). 
H

aertle et al. 
(1979) 

B
raun et al. (1982) 

K
alm

an et al. 
{ 1973) 

C
rusberg et al. ti 970) 

K
1sliuk and G

aum
ont 

(1970) 

R
eid and Friedkin (1973) 

T
aylor and H

anna (1974) 
T

aylor and H
anna (l974) 

Scanlon et al. 
(l 98 l) 

Plante et al. (1976) 

Teva 
Exhibit 1002-00578

Teva – Fresenius 
Exhibit 1002-00578



R
O

Y
 
L

. 
K

IS
L

IU
K

 

: 1., 
11 

lii1e1:1dion ot JU
M

P
 w

ith m
ethylene tetrahydrofolate and thym

idylate synthase. T
he 

m
i.:b>tidc "'~.h .. w

n i11 it' ')'II-conform
ation, and the conform

ation o
f the furanose ring is 2' -endo (S). 

..,orr..:sp1)ndiug m
onoglutam

ate form
s, as evidenced b

y
 the enhanced inhibitory 

potenc) , ,f polyglutam
ate derivatives o

f P
teG

lu and m
ethotrexate (T

able X
IV

). 
!1

4 -H
om

ofol:itc. having an additional m
ethylene group betw

een C
-9 and N

-10, 
;\~11iace~ H

4 PteG
lu as a cofactor for m

any thym
idylate synthases (T

able X
lll). 

l-1
1 -liom

ofo\atc inhibits E
. coli thym

idylate synthase (G
oodm

an et al., 1964) but 
lx·1.·u1m

:·; a substrate 
if tw

o ')'-glutam
ate residues are added (F

riedkin et al., 
l 971 1. 

H
 1 -H

ornofolale 
derivatives 

are 
active 

against 
m

ethotrexate-resistant 
!J

:'IO
 c

d
b

 <K
i'.->liuk. 

1982). H
4 PteL

ys and H
4 PteL

ysn are substrates for E
.co

li 
1hyn1idylatc :,ynthase (P

lante el al., 1976). T
hus, changing the polarity from

 the 
n<:g:1tiw

 glutanrnle residue o
f H

4 P
teG

lu to the positive lysine residues does not 
Jboli..;h ;.ub~tratc activity. Indirect evidence suggests that the enzym

e tolerates a 
,·ofae!<1r w

ith an extra H
N

 group inserted betw
een the p-am

inobenzoate carbonyl 
.111d its phenyl 

ring (M
artinelli et al., 

1979). H
4 P

te-oG
lu does not serve as a 

cola<:toi" lo
r L. 

casei !hym
idylate synthase (K

isliuk et al., 1977). 

<. 
Sul•strate lnleractions. 

C
ircular dichroism

 studies suggest that the confor
rn,tlinn u! dU

M
P

 changes from
 anti to syn on binding to L

. casei thym
idylate 

~yntha~t· { Lt·ary d 
al.. 1975); that is, the oxygen atom

 on C
-2 o

f the pyrim
idine 

rin.:2. 
w

hi.::h is rointed aw
ay from

 the furanose ring w
hen the nucleotide is in 

,olut1011, 
turns 

tow
ard 

it 
on binding w

ith the enzym
es (F

ig. 
11). 

19F-N
M

R
 

_,t11dies 
un 

the 
n011l:ovalent binary com

plex o
f 5-fluoro-2' -deoxyuridylic acid 

\ hl\Jl\.U
'l and L. 

casei thym
idylate synthase are consistent w

ith the proposed 
>

yn
-rn

n
frin

n
a

tio
n

 for the bound nucleotide (L
ew

is et al., 1980). 
H~Pti-Glu dt1es not hind to the L. casei enzym

e in the absence o
f dU

M
P

, but 
H

 1 Pte-G
lu.1 doe-: o.o !G

alivan et al., 1976). Inactivation o
f the nucleotide binding 

-.;i\e w
ith iodoa\·etate does not prevent the binding of C

H
2 -H

4 P
teG

\u and, con
'A

·r:-dy. inactivation o
f the folate site by rem

oval of the carboxy term
inal valine 

re\iduc <A
ull et al.. 

l 974> does not prevent nucleotide binding. 
T

he -:fleet o
f M

g
2 +

 on thym
idylate synthase activity is variable. It stim

ulates 
the e

t
w
y
m
e
~
 from

 E
. coli (W

ahba and F
riedkin, 1962), S. faecium

 (B
lakley and 

M
cD

011gall. 
1962). 

D
ip/ococcus pneum

oniae (M
cC

uen and S
irotnak, 

1975), 
cn!ipha~r; T

2 (M
aley el al .. 1979b), L. casei (D

unlap et al., 1971), and E
hrlich 

:1'.;cile~ c·db O
astreboff et al.. 

1982) but is w
ithout effect on thym

idylate syn-

C
om

pound 

A
. 

P
yrim

idine nucleotides 
I. 

5-F
luoro-dU

M
P

 
2. 

P
hosphonate analog 

o
f 5-fluoro-dU

M
P

 
(5' -0

 replaced by 
C

H
2) 

3. 
5-T

rifluorom
ethyl-

dU
M

P
 

4. 
5-M

ercapto-dU
M

P
 

5. 
5-E

thynyl-dU
M

P
 

6. 
5-N

itro-dU
M

P
 

7. 
5-F

orm
yl-dU

M
P

 
B

. 
F

olates 
I. 

5,8-D
ideaza-10-C

H
3

-

folate 
2. 

5,8-D
ideaza-10-

propargyl folate 
3. 

5,8-D
ideaza-IO

-
cyanom

ethyl folate 
4. 

P
teG

lu 
P

teG
lu

6 

H
1P

teG
lu

6 

5. 
M

ethotrexate 
M

ethotrexate-G
lu

6 

(2,4-diam
m

o-10-
C

H
rP

teG
lu

7
) 

°K
; (m

icrom
olar). 

b
f50 (m

icrom
olar). 
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T
A

B
L

E
 X

IV
 

IN
H

IB
ITO

R
S O

F TH
Y

M
ID

Y
LA

TE SY
N

TH
A

SE 

Inhibitory 
potency 

E
nzym

e source 
R

eference> 

O
.O

!a 
lactobacillu.1 casei 

H
eidelberger et al. ( ! 983) 

0.06b 
T

2 
M

ontgom
ery et al. ( 1979) 

0
.0

4
° 

L. 
casei 

H
eidelberger ( 1975), San1i 
(1980) 

0
.0

4
° 

E
scherichia coli 

K
alm

an and B
ardos (l970J 

2
.7

° 
L. casei 

D
anenberg et al. ( 1981). 

B
arr et al. 

(l 983 l 
0.03° 

L. 
casei 

W
ashtien and S

anti ( 1979) 
0.02° 

L. 
case1 

B
alzarm

1 et al 
{1982)" 

O. lb
 

E. 
coli 

B
ird et al. 

(1970) 

0.005b 
L

l2
1

0
 

Jones et al 
( 198 l) 

0.04h 
L. 

caset 
N

air et al. 
(1983 l 

0.7b 
L. 

ca~·ei 
N

air et al 
( 1983) 

150b 
L. 

casei 
K

isliuk et al. (1974) 
0.6b 
3.0b 

20b 
C

alf thym
us 

D
w

ivedi er al. ( 1983aJ 
J.O

b 

cC
ontains an extensive list o

f inhibitors and K
, 
value~ 

thases from
 calf thym

us (H
orinishi and G

reenberg, 1972), chick em
bryo (L

oren
son et al., 1967), L

1
2

l0
 cells (L

ivingston et a
l .. 1968), or hum

an leukem
ia cells 

(L
ockshin et al., 1979). M

agnesium
 ion inhibits enzym

e activity in extracts o
f 

A
edes aegypti (Jaffe and C

hrin, 1979). In all o
f these instances, C

H
2 -H

4 P
teG

lu 
w

as the substrate. W
ith the L. casei enzym

e M
g

2 +
 activation is not seen if C

H
,-

H
4PteG

lu3 is substituted for C
H

2 -H
4 P

teG
lu (K

isliuk et al .. 1981). 
-

d. 
Subunit Structure. 

L
actobacillus casei thym

idylate synthase is a dim
er 

w
ith subunits o

f identical am
ino acid sequence (M

aley et al., 
1979a). W

hen a 
single ligand such as dU

M
P

, F
dU

M
P

, o
r iodoacetam

ide is incubated w
ith the 

Teva 
Exhibit 1002-00579

Teva – Fresenius 
Exhibit 1002-00579
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<:11?-..·11.L'. 1•nly 
1)11e o

r the tw
o subunits reacts (L

eary et al., 1975; G
alivan et al., 

'.cf, n
: ):;. .. 'itt!dC

·tk C
f al .. 1980). It is postulated that, in the thym

idylate synthase 
d1m

t'L
 ;11t' asym

m
etric a1T

angem
ent o

f subunits is such that the active site o
n

 one 
~l!lJU11H .,~ "fX

:n
 and that on the other is closed (B

eaudette et a
l .. 1977; D

anenberg 
:•nl.1 D

anc:nberg. l 979). S
ingle ligands can

n
o

t open the second site, but this site 
opem

. 
w

hen d
llM

P
 o

r F
dU

M
P

 is present together w
ith C

H
2 -H

4 P
teG

lu. 
W

ith tht: D
. 1m

cum
o11i11e and E

. coli enzym
es, the dissociated m

onom
ers are 

1'<tt:t!y1iutlly acuve (M
ccu

en
 and S

irotnak, 1975). T
his has not yet been dem

on
~-trat.:d to tie th(; case w

ith other thym
idylate synthases. T

h
e calf thym

us enzym
e 

h 
nrn 

dis,,ociated 
into dim

ers 
by 

heating 
w

ith 
sodium

 dodecylsulfate under 
r~duc111:; conditions. H

ow
ever, peptide m

aps indicate that the enzym
e is a d

im
er 

1·m
h ~ach w

b
u

n
it having the sam

e am
ino acid sequence (D

w
ivedi et al., 1983b). 

, . 
('L'f/11f,1r !Jistrihution. 

In bacteriophage T
4 (C

hiu e
t a

l., 1982; A
llen e

t al., 
I ZIXJ I and ham

:>ter fibroblasts (R
eddy, 1982; N

oguchi e
t al., 1983), thym

idylate 
··) nthasc 

i~ 
ao,sociatcd 

w
ith 

an enzym
e com

plex that produces and channels 
ck~>.1\ynuclcotidcs 

lo
r D

N
A

 synthesis. T
hym

idylate synthase is also associated 
w

ith rnpiJfy ~.:dm1enting m
aterial in extracts o

f m
ouse m

am
m

ary carcinom
a cells 

f AyH~·al''" e1 a
l , I 983a) and S. faecium

 (R
ao and K

isliuk, 1983). In S, faecium
 

th1: <
llt:) m

i: ic, ao.~ociated w
ith R

N
A

. 

( 
f:u

,·r<
1

t'fi(ln
 
~rirh F

/11orodeoxyuridylate. 
T

he d
U

M
P

 analog F
dU

M
P

 is ex
tl'11;-.ivdv 

usc-J 
in 

studies 
o

f 
the 

m
echanism

 
o

f 
thym

idylate 
synthase 

1H
i:idclhergcr <

t ,1/ .. 
1983). 

W
hen F

d
U

M
P

 is substituted for dU
M

P
 in the en-

1ym
atic reaction, the S

H
 group o

f C
ys-198 o

f the L. casei enzym
e adds across 

tlw
 

S
.n

-d
o

u
b

k
 bond to 

form
 

a covalent com
plex containing F

dU
M

P
, C

H
2

-

!l 1 Ptt:'t.Jlu. and enzym
e (B

ellisario et al,, 
1976; B

yrd et al., 1978; L
ew

is et al., 
I lJ;) I l 

h
o

m
 th

ese ~tudies as w
ell as studies o

f the m
echanism

 o
f the enzym

e 
r 1,~1!m~t11. I \17 I: S

anti, 1980; B
arr e

t al .. 1983) it seem
s likely that an analogous 

'"··rie~ . .,,~· reacrinn1> occurs w
ith the substrate dU

M
P

. T
h

e analog F
dU

M
P

 is an 
inhibitor rather than a sub~trate because the C

-F
 bond is 

not cleaved b
y

 the 
<:n·:~ n

il· 
T

h
e cd

lllh
lf level o

f C
H

2 -H
4 P

teG
lu is an 

im
portant determ

inant o
f 

nu ... rourucil ll)!i.lcity (U
llm

an et al., 
1978; H

oughton et al., 
1981; Y

in et al., 
f t)X

< I 
·1 h(.' form

ation o
f the inactive ternary com

plex in cells treated w
ith fluo

rnur'ac\I is enhancctl by the addition o
f 5-C

H
O

-H
4 P

teG
lu (W

axm
an and B

ruck
aer. I '1~·;2;. 

M
o::-t cells are capable o

f converting fluorouracil to F
dU

M
P

 and 5-
C

H
O

-H
..iPteG

lu to
 C

H
2 -H

-iP
teG

lu. F
luorouracil can also inhibit cell grow

th due 
tn

 It:-. 11K
orporm

ion into R
N

A
 (S

ection V
l,D

). 
rh:; nlldylat..: 

-,;ynthase 
levels 

are 
enhanced 

in 
fluorodeoxyuridine-resistant 

m
nu:-.c-

c'd
b

 
~kri vet! 

from
 

neuroblastom
a 

(B
askin 

e
t al., 

1975), 
hepatom

a 
(\\'1lkrn..,011 

t'I al .. 
1977: P

riest et al., 
1980b), and fibroblasts (R

ossana et al., 
l lJf;2 l. 

.'\ Im
.: ul' hum

an lym
phocytic leukem

ia cells resistant to fluorodeoxy
uriJin<: 1.ontain:-. a thym

idylate synthase w
ith m

uch low
er affinity for fluorodeox

:·u>id~. im
e 1B

apat et al.. 
1983). 
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g. 
Inhibitors o

f T
hym

idylate Synthase. 
A

 series o
f pyrim

idine nucleotide in
hibitors o

f thym
idylate synthase is listed in T

able X
IV

. 
C

om
pound 2, 

the phosphonate analog o
f F

dU
M

P
, w

as prepared 
w

ith 
the 

expectation that the phosphonate group w
ould not be as easily rem

oved in 1·ivo a:. 
com

pared w
ith the corresponding phosphate. T

his com
pound is a potent inhibitor 

of thym
idylate synthase and is m

oderately cytotoxic to H
ep-2 cells in culture 

(150 =
 

45 µ,M
). 

C
om

pound 3
,5

-C
F

3 -dU
M

P
 is incorporated into viral D

N
A

 and is also a potent 
inhibitor o

f thym
idylate 

synthase, 
w

hich catalyzes 
labilization 

o
f the 

C
-F

 
bonds. 

C
om

pounds 4
, 5, 6

, and 7 are m
echanism

-based inhibitors o
f thym

idylate 
synthase w

hich, by analogy w
ith F

d
U

M
P

, probably act by form
ing a covalent 

bond betw
een the 6-position o

f the pyrim
idine and the sulfur atom

 o
f C

ys-198 in 
the L. casei enzym

e (M
aley and M

aley, 1981). 5
-N

0
2 -dU

M
P

 is unique in that it 
readily form

s a covalent bond w
ith the enzym

e in the absence o
f C

H
2 -H

4 P
teG

lu. 
It has been show

n that F
d

U
M

P
 can also form

 a covalent binary com
plex w

ith L. 
casei thym

idylate synthase in the absence o
f C

H
2 -H

4 P
teG

lu (A
hm

ed et a/,, 
1983). 

A
 series o

f folate analog inhibitors o
f thym

idylate synthase is also show
n in 

T
able X

IV
. 

B
y far the m

ost active is 5,8-dideaza-10-propargyl folate. 
B

oth 
folate and m

ethotrexate show
 enhanced inhibition w

hen 'Y
-glutam

ate residues are 
added. 

5. 
C

H
2 -H

4 P
teG

lu R
eductase 

T
his enzym

e catalyzes the reduction o
f C

H
2 -H

4 P
teG

iu to 5-C
H

3 -H
4 P

teG
lu 

utilizing enzym
e-bound F

A
D

H
2 as the reductant. N

A
D

P
H

 is the reductant for the 
enzym

e-bound F
A

D
 (D

aubner and M
atthew

s, 1982). T
he reduction reaction is 

strongly favored (K
atzen and B

uchanan, 1965), but the enzym
e can be assayed 

in the reverse direction if artificial electron acceptors such as 
m

enadione are 
included in the incubation (D

onaldson and K
eresztesy, 1962). 

T
he enzym

e has been obtained in pure form
 

from
 pig liver (D

aubner and 
M

atthew
s, 1982) and has a subunit M

r o
f 75,000. T

h
e native enzym

e is m
ost 

likely a dim
er. T

h
e K

m
 for C

H
2 -H

4 P
teG

lu is 7 µM
, 

but the value fo
r C

H
2 -

H
4PteG

lu6 is O. l 
µM

 (M
atthew

s and B
augh, 1980). T

h
e K

m
 for N

A
D

P
H

 w
ith 

C
H

2 -H
4 P

teG
lu as substrate is 16 µM

, but w
ith C

H
2 -H

4 P
teG

lu
6 it is raised to 185 

µM
. 

A
denosylm

ethionine is an allosteric inhibitor o
f th

e enzym
e (1

5
0

 =
 O

. l m
1W

; 
K

utzbach and S
tokstad, 1971a). H

2 P
teG

lu
6 (K

, =
 

I x 
1

0
-s M

; M
atthew

s and 
B

augh, 1980) also inhibits the enzym
e. T

hese inhibitions are thought to play a 
role in the regulation o

f the m
etabolism

 o
f single-carbon units (T

able X
). 

H
um

ans lacking C
H

2 -H
4 P

teG
lu reductase excrete hom

ocystine in the urine 
due to their inability to rem

ethylate hom
ocysteine to m

ethionine (M
udd et al .. 

1972). 

Teva 
Exhibit 1002-00580

Teva – Fresenius 
Exhibit 1002-00580
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!'he· kiudit.: m
o;;chanism

 o
f pig liver C

H
2 -H

4 P
teG

lu reductase differs depending 
u1• 

wi>e1h1;.r ~horl-
or long-chain polyglutam

ate substrates are used. W
ith C

H
2 -

H_. Ptd_;lu 1 __ ,. the oxidation o
f enzym

e-bound FA
D

H
2 b

y
 C

H
rH

4 P
teG

lu is rate 
lm

iitili):'.. 
w

haea::. w
ith H

4 P
teG

lu
4

-
7 either product release o

r F
A

D
 reduction 

<.<,;rff(•b the: rate o
f the overall reaction (M

atthew
s and B

augh, 1980). 
'\ hl-.ely -=ht:nm

:al m
echanism

 proposed for the reaction involves ring opening 
.rl ~~-

l<1 to form
 the 5-im

inium
 cation, w

hich tautom
erizes to quinonoid 5-C

H
3 -

M
 ,l'tl'G

lu. w
hich in turn is reduced to 5-C

H
3 -H

4 P
teG

lu by F
A

D
H

2 (F
ig. 

12; 
!V

ttuiw
w

s. 
19~~). Im

portant evidence in support o
f this proposal is that pig liver 

Cl-1
2 -1-1.,PteG

lu 
reductase has quinonoid dihydropterin reductase activity (M

at
thc\~~ and 

K
aufm

an, 
1980). D

ihydropterin reductase is 
involved in reducing 

q11inono1d dihydropterins form
ed in hydroxylation reactions, such as that cata-

1.vze<l by phenylalanine hydroxylase, to
 tetrahydropterins. It is uncertain w

hether 
C

llc-!-\ 1 P
teG

!u 
reductase plays such a role in vivo 

(M
atthew

s and K
aufm

an, 
1980; 

·1 h<.. m
eth

y
k

n
e hydrogens o

f C
H

2 -H
4 P

teG
lu are not exchanged w

ith the m
edi

~m1 d
u

rin
g

 the course o
f the reaction (K

isliuk, 1 %
3

; M
atthew

s, 1982). 

,, 
5 C

H
 ,·H

),tcG
lu

-H
o

m
o

cy
stein

e M
ethyltransferase* 

Tl.v(• type:> ,.r enzym
e are know

n to
 catalyze this reaction. O

n
e is found in 

pl:int,. and requrres only substrates and M
g

2 +
 for activity (P

oston and S
tadtm

an, 
f 9

7
 5 1. and th<:' •Jther, found in anim

als, contains a reduced form
 o

f vitam
in B

 12 
_,::,a 1.'• ,factor and i~ prim

ed by adenosylm
ethionine (T

aylor and W
eissbach, I 973; 

H
u
e
n
n
d
:
e
n
~
 

e1 al., 
1975 J: 

),('11,-H~PtL'Glu +
 H

S
C

H
2 C

H
2 C

H
N

H
1

C
O

O
H

-+
 C

H
3S

C
H

2C
H

N
H

2C
O

O
H

 +
 

H
4 P

teG
lu 

( 5) 

!.. .1ci1._ ricltiu coli (
W
o
o
d
~
 et al., 1965) an

d
 A

erobacter aerogenes (M
orningstar 

• t11d K
 1:-,I m

k. 
I %

51 cont am
 both types o

f m
ethyltransferase. T

h
e E

. coli non-B
 12 

~·n,,.vr,1~ has a -;pecific requirem
ent for polyglutam

ate form
s o

f C
H

3 -H
4 P

teG
lu, 

t•ll( tlw
 .. n

w
y 111)[ be the case for the plant enzym

e (B
urton and S

akam
i, 1969; 

D
odtl 

and 
Cos;,in~. 

1969). T
h

e M
, 

o
f the E. 

coli non-B
12 enzym

e is 84,000 
: W

hitridd ct a
l .. 1970). 

T
he f:, r'llli B

 '" m
ethyltransferase has been studied m

ost extensively. A
 prepa

r aci•rn trom
 E

. 
co

li B
 had an M

, o
f 140,000 and contained 0.35 m

o! o
f B

12 per 
m

ole protein ffay
lo

r and W
eissbach, 1973), w

hereas a preparation from
 E

. coli 

· I l11o <
'll/ytm

: !1;" ab
o

 been <:alle<l m
elhionm

e syntheiase (H
uennekens et al., 

1975; E
ells et al .• 

! ,,:;_: t 
H

 .. w~vc1. 
•t 

"' rcconuncnded <E
nzym

e N
om

enclature C
om

m
ittee, 1979) that synthetase be 

'l'i"h~d <•1tly 111 cn1yn-K:> catalyzm
g lhe linking together o

f tw
o m

olecules coupled w
ith the breaking 

;if" p~rnp!J,hphal<.' lm
k in A

T
P. M

ethionine synthase w
ould be an appropriate nam

e for the m
eth

:-hrnn;,h•rm
,c bm

 lra; been preem
pted by the enzym

e catalyzing the synthesis o
f m

ethionine from
 o

"c.;tylh"lll'".;ruk and m
ethanelhiol. 

;. 
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5
-C

H
3 -H

4 P
te

G
lu

 

FlG
. 12. 

M
ethylene tetrahydrofo\ate reductase reaction. R

 =
 p-am

inobenzoyl-G
lu 

43 

K
l2

 had an M
, o

f 186,000 and contained I m
ol o

f 8
1

2
 p

er m
ole protein (F

ujii and 
H

uennekens, 
1974). H

ighly purified preparations o
f B

12 transm
ethylase have 

been obtained from
 bovine kidney an

d
 brain (M

angum
 and N

orth, 197 I; M
an

gum
 et al., I 972). P

ig kidney and liv
er enzym

es both have M
r values o

f 140,000 
(L

oughlin et al., 
1964; B

urke et al., 
1971). 

V
itam

in B
 12 m

ethyltransferase activation involves reduction o
f the B

 1
2

 m
oiety 

to B
 

by a 
flavoprotein system

 
follow

ed by 
m

ethylation o
f the cobalt by 

12< 
. 

h 
adenosylm

ethionine. A
fter transfer o

f this m
ethyl g

ro
u

p
 to hom

ocystem
e, t 

e 
cobalt is repeatedly rernethylated b

y
 C

H
3 -H

4 P
teG

lu. D
uring the co

u
rse o

f the 
reaction, a portion o

f the B
125 b

eco
m

es oxidized and the enzym
e inactivated . 

A
ctivation is then brought about as described previously (T

aylor and W
eissbach. 

1973; H
uennekens e

t al., 
1975). 

V
itam

in B
12 m

ethyltransferase is im
portant for anim

al m
etabolism

 because it 
regulates levels o

f H
4 P

teG
lu via the m

ethyl trap (S
ection V

I,C
). It also converts 

5-C
H

 -H
 P

teG
lu obtained from

 blood to
 H

4 P
teG

lu w
ithin cells. Inhibition o

f the 
3

4
 

fi' 
f 

enzym
e by N

2 0
, w

hich binds to cobalt in the 8
12 m

oiety, leads to a de 1c1ency o 
H

4 P
teG

lu (K
oblin et al., 

1982; B
lack and T

ephly, 1983). A
n interesting m

an
ifestation o

f such a deficiency is increased sensitivity to m
ethanol toxicity (E

ells 
et al., 1982). 

M
ethionine represses the synthesis o

f the 8
12 m

ethyltransferase in ham
ster 

cells (K
am

ely et al., 
1973). P

olyglutam
ate form

s o
f C

H
3 -H

4 P
te0

lu
 are m

ore 
effective than C

H
3 -H

4 P
teG

!u as substrates for the B
 12 m

ethyltransferase from
 rat 

liver (C
heng et al., 

1975) and b
o

v
in

e brain (C
ow

ard et al., 
1975). 

5
-C

H
3 -

H
4hom

oP
teG

lu 
w

ill 
replace 5-C

H
3 -H

4 P
teG

lu 
as 

a 
substrate 

for 
B

 12 
m

eth-
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"l\.:•«o:kL1:-.1.: fr1nl! f:.: 
coli 13, rabbit liver, H

eL
a cells, and ham

ster cells (T
aylor 

q
\o

i 
1-hllllJ.1. 

19 /-1·). 

\ 
m

u
 9 

C
H

 2 -H
 1 P

te
G

lu
 D

ehydrogenase, C
H

-H
4 P

te
G

lu
 

C
vdof1ydrofase, and IO

-C
H

O
-H

4 P
teG

lu S
ym

hetase 
IC

, H
4 P

te
G

fu
 Synthase) 

rlic~,· thn:e ~
n
z
y
m
e
 activities are found associated w

ith a single m
ultifunc

iM
la

! polypcptick. chain in pig liver (M
acK

enzie, 1973; T
an

 and M
acK

enzie, 
:9

T
!r. ~h.:ep liver (P

aukert et a
l., 1976), rabbit liver (S

chirch, 1978), chicken 
11~1..'t 

1 W
a
~
s
e
r
m
a
n
 er al., 1983), and yeast (S

taben and R
abinow

itz, 1983) w
hich 

c'~Halyz..:;-. lhe form
ation and interconversion o

f H
4 P

teG
lu coenzym

es at the for
n

w
k and form

aldehyde levels o
f oxidation (F

ig. 13). T
he system

 has been caJled 
C

 1 H_1 PteG
lu synthase, and the yeast D

N
A

 sequence corresponding to the protein 
ha~ been .;Joned !S

taben and R
abinow

itz, 1983). 
T

r1:atm
ent of the. pig liver enzym

e (a dim
er w

ith a subunit M
r o

f 100,000) w
ith 

1•1\•!•;0lytil: ~
n
z
y
m
e
s
 yielded an am

ino tem
1inal fragm

ent (M
r =

 33,000), w
hich 

1..outa1m
. both <

lehydrogenase and cyclohydrolase activities, and a carboxy terrni-
11al frngm

enL
 w

hich has 
IO

-C
H

O
-H

4 P
teG

lu synthetase activity (T
an and M

ac
K

t'nne. 1977, 1979\. A
 channeling interaction betw

een the dehydrogenase and 
~'ydohydrola~e has been Jem

onstrated in w
hich C

H
-H

4 P
teG

lu, produced b
y the 

dehydrogl.'nase reaction, reacts preferentially w
ith the cyclohydrolase rather than 

C
'quilibrai111g w

ith the bulk solution (C
ohen and M

acK
enzie, 1978; W

assennan et 

A
D

P 
H

 
,o 

AT0i 
H,Nv.;:::J(N 

I 
N)H, 

H
,,P

teG
lu +

H
e

' 
"'•---•II 

I 
'"' 

'O
H

 
3 

H
N

 
·C

H
,N

R
 

II 
~ 

H
 

I 
0 

o
''C

'H
 

1
0
-
C
H
O
-
~
P
t
e
G
l
u
 

1-,,_, 
i _; 

Re<i<:U<>m, .:<1tulyzcd by C
1 telrahydrofolate synthase. 

(I) M
ethylene tetrahydrofolate 

,fchyd<•o,;c·mr:,~. t21 m
c-thcnyl 

t~trahydrofolate cydohydrolase; (3) 
10-fonnyl tetrahydrofolate syn-

111,·t.1:--.t' 
\H

 (hn .. ~e l..:'n,":~'me.., an: n:ver-.,iblc 

T
H

E
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al., 1983). T
he dehydrogenase and cyclohydrolase activities appear to be cata

lyzed at the sam
e site (S

chirch, 1978; C
ohen and M

acK
enzie, 1980). 

A
ll three enzym

e activities o
f C

1 H
4 PteG

!u synthase show
 m

uch higher af
finity for polyglutam

ate coenzym
es than for m

onoglutam
ates (M

acK
enzie and 

B
augh, 1980, 1983; W

asserm
an et al., 

1983), but enhanced channeling o
f co

enzym
es w

as not observed w
ith polyglutam

ates in the pig liver system
 (M

ac
K

enzie and B
augh, 1980, 1983). 

T
he C

1 H
4 P

teG
lu synthase copurifies w

ith serine hydroxym
ethyltransferase, 

glycinam
ide ribonucleotide form

yltransferase, and am
inoim

idazolecarboxam
ide 

ribonucleotide fonnyltransferase from
 chicken liver extracts, im

plying a func
tional association o

f these enzym
es in vivo (C

aperelli et al., 1980; S
m

ith et al .. 
1980). In C

lostridium
 the three activities o

f C
1 H

4 P
teG

lu synthase are found in 
separate proteins (review

ed in P
aukert et al., 1976). 

T
he 

10-C
H

O
-H

4 P
teG

lu synthetase reaction 
is 

dependent on 
activation by 

m
onovalent cations. A

m
m

onium
 ion is the m

ost effective activator. T
he oth~r 

tw
o activities are not affected by the addition o

f m
onovalent cations (P

aukert et 
al., 

1976). 

JO and 11. 
G

lycinam
ide R

ibonucleotide F
orm

yltransferase and 
A

m
inoim

idazolecarboxam
ide R

ibonucleotide 
F

 orm
yltransf erase 

T
hese tw

o form
yltransferase reactions (F

ig. 6) are on the de novo pathw
ay o

f 
purine biosynthesis (B

uchanan, 1982). 
10-C

H
O

-H
4 P

teG
lu is the form

yl donor 
for both reactions in E

. coli (D
ev and H

arvey, 1978) and chicken liver (S
m

ith et 
al., 

198Ja). F
o

r m
any years it w

as believed that C
H

-H
4 PteG

Ju w
as the fonnyl 

donor in the glycinam
ide ribonucleotide form

yltransferase 
reaction 

because. 
w

hen 
m

ixtures 
o

f disastereoisom
ers 

at 
C

-6 
o

f 
10-C

H
O

-H
4 P

teG
lu 

o
r 

C
H


H

4PteG
lu w

ere tested as substrates, only the latter m
ixture show

ed activitv. It 
turned out, how

ever, that the unnatural diastereoisom
er o

f 10-C
H

O
-H

4 P
teG

lu is 
a potent inhibitor o

f the enzym
e (K

; =
 0

.8
 µ

M
) so that, w

hen the equim
olar 

m
ixture o

f diastereoisom
ers is tested, no activity is seen. In contrast, w

ith the 
m

ixture o
f disasteroisom

ers o
f C

H
-H

4 P
teG

lu, activity is observed because (a
) 

the unnatural diastereoisom
er in this m

ixture is not an inhibitor and (b
) con

tam
inating cyclohydrolase activity converts the natural diastereoisom

er to IO


C
H

O
-H

4P
teG

lu, the correct substrate (S
m

ith et al., 
198la). 

G
lycinam

ide 
ribonucleotide 

form
yltransferase 

and 
am

inoim
idazolecarbox

am
ide ribonucleotide form

yltransferase have been purified from
 chicken liver 

(C
aperelli et al., 

1980); both enzym
es are dim

ers w
ith m

onom
er M

,. o
f 61,000 

and 71,000, respectively. T
hey copurify through several steps w

ith C
1 H

4 P
teG

lu 
synthase and serine hydroxym

ethyltransferase. T
he best evidence for a func

tional 
association 

betw
een 

these 
enzym

es 
w

as 
obtained 

w
ith 

glycinam
ide 

ribonucleotide 
fonnyltransferase, 

w
hich is 

activated 
by association 

w
ith 

C
1 
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t l. P
t1;'(1it1 ~.ynthase and can be linked to it by cross-linking reagents (S

m
ith et al., 

; ()xo 1 A
tllinoim

idazolecarboxam
ide ribonucleotide fonnyltransferase, how

ever, 
"
"
"
 

ll"1
 

"tim
ulated by association 

w
ith 

C
1 H

4 P
teG

lu 
synthase (M

ueller and 
lknk\\V

IC
. 

! 98 l). 
I\nal\)g 1Sm

ith er al., 
1981b) and H

2
180 

studies (S
m

ith et al., 1982) provide 
;,lfO

!l:_! •.·vide1K
c that both form

ylation reactions o
f de novo purine biosynthesis 

Pf"n::~·a b
y

 chrec.:! 
tran

sfer o
f fom

1yl groups w
ithout interm

ediate form
ation o

f 
t 'H

-1-1,l'!eG
lu oi-

:,ingle-carbon units bound directly to the enzym
es. 

\1l-C
H

O
-H

)>
teG

lu
6 

(K
m

 =
 

l 
µ

M
) 

is 
a 

m
uch m

ore effective substrate for 
:<

nm
w

unidazokcarhoxam
ide ribonucleotide form

yltransferase than is 10-C
H

O


M
) 'lt.:G

lu <K
11

, =
 

6
7

4
 µ

M
) (B

aggott and K
rum

dieck, 
1979). A

lthough unex
pt·...:1t:d. 

IO
-C

H
O

-H
2 P

teG
lu

5 is also an excellent substrate (B
aggott, 1983). T

he 
;·(·qu!l'em

ent 
fo

r a H
.1 P

teG
!u derivative for one-carbon transfer is therefore not 

:1!•~·Autt i11 this m
"tance. M

ethotrexate w
ith four additional glutam

ate residues is 
'·' 

potent 
inhibitor 

o
f 

am
inoim

idazolecarboxam
ide 

ribonucleotide 
form

yl
~r:m;,.k-r<isc <K, 

=
 

3 µ
M

) and m
ight play a role in the cytocoxicity o

f m
ethotrexate 

'B
.tggott. 

I 983 ). 
P

olyglutam
ate substrates and inhibitors o

f glycinam
ide ribo

im
de• liiJe forniyltransfcrase have not been tested as yet. 
A

m
m

o11niJazolccarbox::im
ide 

ribonucleotide 
form

yltransferase 
and 

in-
· it.inic'a~e uctivit[l:'s re~ide o

n
 the sam

e polypeptide chain that is capable o
f cata

ly,:in~ 
the 

;,ynthesi~ 
o

f 
inosinate 

from
 

am
inoim

idazolecarboxam
ide 

nhonw
:leotuk and 

IO
-C

H
O

-H
4 P

teG
lu (F

ig. 6) (M
ueller and B

enkovic, 1981). 

!:.:. 
5-C

H
0-1-1.,P

tcG
lu C

yclohydrofase (C
H

-H
4 P

teG
lu Synthetase) 

5
-
C
H
O
-
H
~
P
l
e
G
l
u
 +

 A
T

P
._

 C
H

-H
4 PteG

lu +
 A

D
P

+
 P, 

(6) 

H
i:,!hly pufif1cJ proteins catalyzing this reaction have been prepared. P

relim
i

•1<1ry 
.,tuJicc. (lf the hom

ogeneous rabbit liver enzym
e show

 it to have an M
r o

f 
25.001

1 I H
opkins and S

chirch, 1983). T
h

e pure L
. casei enzym

e (M
r=

 23,000) 
'~ 

m
H

 m
hibitl'd b

y 5
0

0
 µ

M
 m

ethotrexate, 5-C
H

3 -H
4 P

teG
lu, o

r folate (G
rim

shaw
 

• ·1 of. 
1

9
8

3
) 

ll h 
litd

y
 that this enzym

e is responsible for catalyzing the conversion o
f 5

-
('liO

-H
.1P

teG
lu to C

H
-H

_
1 P

teG
lu in vivo and is therefore w

orthy of consideration 
;tc. a irnxlulating influence on the rescue o

f cells from
 m

ethotrexate toxicity by 5-
C

!!O
-!l 1PteG

lu. 

I·; 
£711£1 

/../. 
rorm

im
inoglutam

ate :T
etrahydrofolate 

l·'ornum
inotransferase a

n
d

 
1' orm

im
inotl'trahydrofo/ate C

yclodeam
inase 

T
IH

::,e 1.:nzym
e activities (F

ig. 14) are on the pathw
ay o

f histidine catabolism
 in 

<1nim~1h. Fokltt~ deficiency can lead to the excretion o
f form

im
inoglutam

ate in the 
urine <Luhby and C

ooperm
an, 1964). A

s isolated from
 pig liver, fonnim

ino
transfera:,c-cyclodeam

inase is a tetram
er o

f dim
ers (M

acK
enzie et al., 

1980). 
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F

o
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m
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A
cid
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Frcr. 
14. 

R
eactions c;a1alyzed by (I) form

im
inoglutam

ace:1errahydrofolate fonnim
in<

•tram
fera:.e 

and (2) fonm
m

inotetrahydrofolate cyclodeam
inase. 

E
ach m

onom
er (M

r =
 

62 ,000) is a bifunctional polypeptide that catalyzes both 
reactions. 

S
ubstrate channeling is observed only w

hen polyglutam
ate substrates are used; 

tl!tlt is, 
C

H
N

H
-H

4 P
teG

lu
5 

transfers 
the C

H
N

H
-H

4 P
teG

lu 
m

oiety 
to the de

am
inase site 

before equilibrating 
w

ith 
the 

m
edium

 
(M

acK
enzie and 

B
augh, 

T
he Km

 
values are 48 µ

M
 for H

4 P
teG

lu an
d

 3.5 µ
M

 for H
4 P

teG
lu

5
. 

F
onnim

inoglutam
ate forrnim

inotransferase also catalyzes the transfer o
f the 5-

C
H

O
 

group 
o

f 5-C
H

O
-H

4 P
teG

lu 
to 

glutam
ate, 

form
ing 

N
-form

yl-G
lu 

plus 
B

1 ?teG
iu (S

ilverm
an et al., 

1957; T
ab

o
r and W

yngarden, 1959; B
ortoluzzi and 

M
11eK

enzie, 1983). A
ll o

f the form
yltransferase activity in liver extracts can be 

;1ccounted for by the form
im

inotransferase present. T
he v m

a
x o

f the form
im

ino
~raru:ferase 

w
ith 

5-C
H

O
-H

4 P
teG

lu as substrate 
is 

0
.0

3
%

 that obtained 
w

ith 
C

H
N

H
-H

4 P
teG

lu as substrate. 
T

he unnatural diastereoisom
er o

f H
4 P

teG
lu inhibits the deam

inase reaction 
1M

acK
enzie and B

augh, 1983). 

15. 
IO

-C
H

O
-H

4 P
teG

lu D
ehydrogenase 

T
his enzym

e, prepared in hom
ogeneous fonn from

 rat liver, is a tetrnm
er 

.. im
.t:m

om
er M

r =
 

108,000; S
crutton and B

eis, 1979) that catalyzes tw
o reactions: 

IO
-C

H
O

-H
4 PteG

lu +
 N

A
D

P+ +
 H

2 0
->

 H
4 PteG

lu +
 C

0
2 +

 N
A

D
PH

 +
 H

 +
 

(7
) 

(8) 
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-'< ,)ani<dly purified p1eparation from
 pig liver catalyzes the sam

e tw
o

 reactions 
-1--:,.itL\><1°.·h and S

h>
kstad, 1971b). T

h
e V

 m
ax o

f E
q. (8) (N

A
D

P
+

 om
itted) is 20%

 
•hat ()f h

1
. <

h
 ln

 the presence o
f N

A
D

P
+

 E
q

. (8) is not observed. 
i I Y

tc-G
!u is " potent product inhibitor o

f the enzym
e. T

h
e K

, for the natural 
-Jia:,lerrni>.om

er is l µ.M
. 

lt is reaso
n

ab
le lo

 suppose that poly glutam
ate form

s o
f 

H
.1 f'teG

lu w
ould be even m

o
re inhibitory. T

hus, the presence o
f free H

4 P
teG

iu 
polyglutJm

ates w
ould lead to

 th
e conservation o

f single-carbon u
n

its by prevent-
1ng thci1· oxidation to C

0
2 . E

q
u

atio
n

 (7) is irreversible (K
utzbach an

d
 S

tokstad, 
i9

7
1

b
l 

5-C
H

 .-l·-1_1 PteG
lu, 5-C

H
O

-H
4 P

teG
lu, P

teG
lu, am

inopterin, 
an

d
 H

4 -am
inop-

1t:ri11 do not inhibit the pig liv
er enzym

e at 5
0

0
 µ

M
 (K

utzbach and S
tokstad, 

J97lbJ. 
P

roduct inhibition o
f E

q. 
(7) by N

A
D

PH
 could not b

e dem
onstrated 

i'l('rutton im
d B

eis. 
1979). T

h
is substance serves rather as an activator o

f the 
rea..:tion. 

E
nzym

e activity o
f th

e rat liver preparation w
as not altered by m

eth
ionine n

r <
.ldcnoi.ylm

ethionine (S
crutton and B

eis, 1979). F
o

rm
ate oxidation to 

CU~ b greatly dim
inished in folate-deficient rats (F

riedm
an et a

l., 1954). T
he 

L·om
bined 

action o
f 10-C

H
O

-H
4 PteG

lu synthetase and 
IO

-C
H

O
-H

4 P
teG

iu de
ilydrngcnase is a likely pathw

ay for the folate-dependent fonnate oxidation. 

.'o c111d 17. 
D

im
t!thylglycine D

ehydrogenase a
n

d
 Sarcosine 

D
ef1yclrogenase 

T
w

o
 lfavoproteins in rat liv

er m
itochondria are capable o

f b
in

d
in

g
 folates. 

Ht!.'~..: an: 
dim

ethylglycine 
dehydrogenase 

(M
r 

"" 
90,000) an

d
 sarcosine de

hy<lrogenabe 
(M

,. 
=

 
105,000) 

(Fig. 
15) 

(W
ittw

er and 
W

ag
n

er, 
1981). 

D
i

tw
.:chyl;lycine dehydrogenase catalyzes the oxidation o

f the m
ethyl group o

f 
o.<m

:osini: in addition to those o
f dirnethylglycine, b

u
t sarcosine dehydrogenase is 

nw
rc 'peufo: m

 its action an
d

 d
o

es not catalyze the oxidation o
f the m

ethyl 
2rullp~ or dim

ethylglycine. 

The relevant literature in this area has been review
ed by W

ittw
er an

d
 W

agner 
i t 9}) I l. l\ is suggested that dim

ethylglycine dehydrogenase interacts w
ith di-

01ethy lglyeine 
and 

~arcosine 
arising 

from
 

choline, 
w

hereas 
sarcosine 

de
hydrogcnase utilizes sarcosine arising from

 the m
ethylation o

f glycine b
y

 ade
nosylm

ethionine. T
h

e latter reaction is postulated to play a role in the regulation 
A

 
,1deno~ylmethionine levels in the cytosol (K

err, 1972). T
he transport o

f this 

C
H

1 
N

C
H

,C
O

O
H

 
C

l-I, 

FA
D

H
, 

FA!!_J-
l 

H
4 P

te
G

I';). 

C
H

2 -H
4 P

le
G

lu
 

C
H

, 
N

C
H

,C
O

O
H

 
H

 

F
A
D
~
 

F
A

U
 

2 

H4 PteGI~ 
C

M
2 -M

4 P
\e

G
lu

 H
,N

C
H

,C
O

O
H

 

\'I,. 
t:' 

\lo:a.:tion&
 catalyzed by (I) dim

ethylglycioe dehydrogenase and (2) sarcosine dehydro
it:11a-..t,,:. 
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sarcosine into the m
itochondria and its subsequent o

x
id

ativ
e conversion to serine 

m
ay serve as a m

ech
an

ism
 for m

oving one-carbon u
n

its into m
itochondria. lt is 

likely that sarcosine dehydrogenase and serine hydroxym
ethyltransferase are 

closely juxtaposed in m
itochondria b

ecau
se glycine produced from

 sarco
sin

e is 
used in preference to ex

o
g

en
o

u
s glycine for serine form

ation (M
ackenzie. 1955). 

B
oth dehydrogenases produce fo

n
n

ald
eh

y
d

e from
 th

eir respective substrates 
in the absence o

f H
4 P

teG
iu

 (W
ittw

er an
d

 W
agner, 1981 ). A

s isolated, h
o

w
ev

er, 
both dehydrogenases co

n
tain

 I 
m

ol o
f folate, w

hich 
is 

in the form
 o

f either 
H

4 P
teG

lu o
r H

4 P
teG

lu
5

. T
h

e respective dissociation constants for H
4 P

teG
lu and 

H
4 P

teG
lu

5 for dim
ethylglycine dehydrogenase are 0.4 and 0.2 µM

. T
h

u
s, both 

the m
onoglutam

ate an
d

 
the pentaglutam

ate have 
very 

high affinity 
for 

this 
enzym

e. 

B
. 

F
o

L
A

T
E

 E
N

Z
Y

M
E

S
 O

F
 S

P
E

C
IA

L
IZ

E
D

 F
U

N
C

T
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W
ith the exception o

f m
ethionyl-tR

N
A

 form
yltransferase, w

hich is t<.JU
nd in 

anim
al m

itochondria, 
all o

f the folate 
enzym

es listed in T
able IX

 are from
 

bacteria. 
R

ibothym
idyl synthase is an 

interesting variation o
f thym

idylate synthase. 
R

ibothym
idine usually arises by m

ethylation o
f a uracil residue in tR

N
A

 by 
adenosylm

ethionine. 
H

o
w

ev
er, in Streptococcus faecalis (D

elk et al .. 
1980) 

ribothym
idine results from

 a reaction o
f tR

N
A

 w
ith C

H
2 -H

4 P
teG

lu in w
h

ich
 the 

reducing equivalents u
sed

 to
 fonn th

e m
ethyl group arise from

 F
A

D
H

; rath
er 

than H
4 P

teG
lu

, as is the case w
ith thym

idylate synthase. N
either adenosylm

eth
ionine 

nor 5-C
H

3 -H
4 P

teG
lu is an 

interm
ediate in the 

ribothym
idyl 

sy
n

th
ase 

reaction. T
h

is system
 is also found in B

acillus subtilis (D
elk

 et al., 
1976 ). 

V
III. 

Folate Polyglutam
ates 

A
. 

IN
T

R
O

D
U

C
T

IO
N

 

A
n understanding o

f th
e m

etabolic ro
le o

f polyglutam
ate derivatives o

f fol ates 
and folate analogs is essential to

 th
e interpretation o

f d
ata o

n
 folate function as 

w
ell as the chem

otherapeutic action o
f antifolates. W

e su
m

m
arize here the m

o
re 

recent literature. F
urther inform

ation in
 this area can b

e found in the follow
ing: 

B
augh and K

rum
dieck (1971), C

ovey (1
9

8
0

), C
ichow

icz et al. (1981 ). M
cG

u
ire 

and B
ertino (1981), K

isliu
k

 (1981), G
o

ld
m

an
 et al. 

(1
9

8
3

), and C
heng (1983). 

B
. 

D
IS

T
R

IB
U

T
IO

N
 

T
he polyglutam

ate ch
ain

 lengths 
fo

u
n

d
 in the total 

folate pool o
f several 

organism
s and tissues are given in T

ab
le X

V
. T

he vast m
ajority o

f folates are 
present as polyglutam

ate fo
n

n
s. In so

m
e organism

s a single polyglutam
ate chain 

length predom
inates, 

w
hereas others contain a broad distribution. 

C
oliphage 

Teva 
Exhibit 1002-00584

Teva – Fresenius 
Exhibit 1002-00584
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D
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O
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 F
ot.vL

 PoLY
G
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TA

M
A

TE CH
A

IN
 LEN

G
TH

S IN V
A

R
rous O

RG
A

N
ISM

S AND 
T

1ssuE
S

0 

N
um

ber of glutam
ate residues 

S
ource 

2 
3 

4 
5 

6 
7 

8 
9 

R
eference 

P1 ""ai yote' 
( '/os1ridm

111 aculi-
100 

C
urthoys and 

uric1 
R

abm
ow

1tz (1972) 

( u
n

·n
e

b
a

cra
m

m
 

100 
Foo et al. (1980) 

l:s<
ilerichia coli B

 
II 

48 
16 

12 
8 

4 
K

ozloff et al. (1979a) 

C
o!iphage T

4D
 

100 
K

ozloff et al. (l979a) 

Lacrobacrf/111 
l't1

se
1

 

H
1gh-P

teG
Ju 

3 
9 

59 
23 

5 
B

augh et al. (1974) 

m
edium

 
L

ow
-PteG

lu 
8 

14 
42 

19 
Scott (1976) 

m
edium

 
Shane et al. (1983) 

f:.tlhU
!')'O

(C' 
\lonkey live1 

24 
46 

15 
B

row
n et al. (1974) 

I laim
t<'r liver 

30 
51 

13 
2 

Scott (1976) 

i-l<1t livc1 
N

"1-m
..il 

2 
53 

42 
2 

E
to and K

rum
dieck 

(1982) 

Rt:gc1h.~1ating 
20 

59 
20 

E
to and K

rum
dieck 

(1982) 

So{ cluu1~111v(·e.\ 
12 

71 
13 

Scott (1976) 

cere~'t\iil<' 
1·:e

u
l'O

.\'f'(1
ra

 ('rtlS
J
a

 

P.l,.·guhu 
m

e<lm
m

 
14 

80 
6b 

C
han and C

ossins 
(1980) 

1-!1gh-glycine 
56 

24 
201> 

C
han and C

ossins 

m
eJm

m
 

(1980) 

"N
um

ber' rcpre,cnt percentage of total PteG
lu. 

i•E1ght 11r 111m
e glutam

ate residues. 

T
-ID

 contains H
2 P

teG
lu

6 as a structural com
ponent o

f its base plate. N
either 

i-1 ptcGlu~ 
nor H

2 P
teG

lu
7 w

ill serve in 
its place. 

M
ost o

f the polyglutam
ate 

dw
in" found in the host are shorter. H

ow
ever, T

4D
 infection o

f E
. coli causes 

lh<.! form
ation o

f very long chains, w
hich are cleaved to H

2 P
teG

lu
6 by T

4D


inJu..:ed )I-glutam
ate hydrolase activity (K

ozloff et al., 
l979b, 1983; K

ozloff, 
1980). 

P
olyglutam

ate chain length 
m

ay 
change under different dietary o

r grow
th 

'l•nditions (T
able X

V
). T

here is a shift to longer glutam
ate chains in N

eurospora 
;ro

w
n

 o
n

 a high-glycine m
edium

, in Lactobacillus casei grow
n on a low

-P
teG

lu 
m

<::diurn. in quail liver from
 anim

als m
aintained on a high-casein diet, and in rats 

~.!1ven a folak-deficient diet (C
assady et al., 1980). In cultured m

ouse hepatom
a 
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C
('!ls starved o

f folate for 48 h, G
lu

8 is the predom
inant folate polyglutam

ate as 
opposed to the norm

al distribution o
f equal am

ounts o
f G

lu
5 and G

lu
6 (P

riest et 
1983). T

h
e reason for these shifts is not know

n, but all o
f these situations 

m
l$'ht benefit if increased efficiency o

f P
teG

lu coenzym
e activity is 

brought 
1oout by longer glutam

ate chains. 
U

ntil relatively recently, technical difficulty prevented exam
ination o

f the 
in polyglutam

ate chain length associated w
ith individual P

teG
lu form

s 
as C

H
rH

4 P
teG

lu or C
H

O
-H

4 P
teG

lu. 
E

to and K
rum

dieck (1982) have 
il'f'tl<

'•rt•"'1 that, during rat liver regeneration, G
lu

6 and G
lu

7 derivatives increase at 
expense o

f G
lu

4 and G
lu

5 form
s_ 

T
he new

ly synthesized G
lu

6 form
s are 

~
o
m
i
n
a
n
t
l
y
 C

H
rH

4 P
teG

lu, w
hereas the new

ly synthesized G
lu

7 form
s are 

· · im
m

ylated derivatives. B
rody et al. ( 1982) found that different H

4 P
teG

lu deriva
. b

es predom
inate in fractions o

f rat liver separated according to glutam
ate chain 

A
m

ong 
G

lu
5 

derivatives, 
C

H
3 -H

4 P
teG

lu 
is 

the 
predom

inant 
form

, 
ftm

a
s
 the G

lu
7 form

s are m
ainly H

4 P
teG

lu. T
hese results im

ply that P
teG

iu 
.• .n

v
u

tiv
es containing different glutam

ate chain 
lengths m

ay 
serve different 

ftrnctioos and m
ay be located in different cellular com

partm
ents. 

O
ther biological m

aterials found 
to contain 

folate 
polyglutam

ates 
include 

physalis (P
ortuguese m

an-of-w
ar) (W

ittenberg et al .. 1962), soybeans 
. 

and N
akagaw

a, 1958), w
heat, pea, spinach, radish, and com

 plants (C
lan

.. ,dfflfru.nd C
ossins, 1972; S

pronk an
d

 C
ossins, 1972), E

uglena g
ra

d
/is (L

or and 
;CO

R-'iins, 1973), plant m
itochondria and chloroplasts (C

ossins and S
hah, 1972), 

~
h
u
m
a
n
 red blood cells (B

enesch et al., 
1983). In P

hysalia the folate poly
~ut:tmaies are likely to

 b
e involved in the form

ation o
f C

O
 (found in the float 

from
 the 13-carbon o

f serine. 

B
n

'fY
N

T
H

E
S

is 

R
lW

iolabeled folate is readily incorporated into polyglutam
ate form

s in ani
m

als, .E
vidence so far indicates that anim

al tissue uses a single enzym
e to add all 

('If 
glutam

ate residues (M
cG

uire et al., 
1980; F

oo and S
hane, 

1982). 
In 

. ·. 
!J.$:rtrospora, _ho~ever '.genetic and enzym

e studies show
 that the enzym

e form


. .. 
m
~
 

denvattves differs from
 the enzym

e that adds the rem
aining residues 

!Cfl1¥Sins and C
han, 1983). 

Ju
11 synthetases have been exam

ined in 
E

scherichia coli (F
erone and 

ow
, 1983; F

erone et al .. 1983), C
orynebacterium

 (S
hane, 1980), L

. casei 
1
~
 ... ru

3
" and S

hane, 1983), ham
ster cells (T

aylor and H
anna, 1977), sheep liver 

{{iaw
thom

e and S
m

ith, 1973), rat liver (M
cG

uire et al., 
1980; P

riest et al., 
and pig liver (C

ichow
icz et al., 

1981). A
ll o

f these system
s require 

and K
 +

 for activity and have high pH
 optim

a, ranging from
 8

.4
 in the 

rnt system
s to 

10 in C
orynebacterium

. 
A

denosine triphosphate is 
dA

 T
P

 having equal o
r greater activity. S

pecificity for glutam
ate 

i
n
~
t
i
o
n
 is observed; neither aspartate, glycine, m

ethionine, n
o

r a w
ide 

~
·
~
 

o
f potential 

glutam
ate 

replacem
ents 

is 
active. 

H
4 P

teG
lu 

o
r 

C
H

2 -

Teva 
Exhibit 1002-00585

Teva – Fresenius 
Exhibit 1002-00585
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H
 1f't

0,G
lu is gi::ncrnlly the m

ost active substrate, w
ith 5-C

H
3 -H

4 P
teG

lu being 
•:•.>1b1dcrahfy lcss active. A

 pteroate m
oiety is required for activity, and m

any 
,,n11;;~11c-rs o

f P
tcG

lu including am
inopterin, m

ethotrexate, hom
ofolate, and the 

tm
m

1111ra! 
diastereoisom

er of H
4 P

teG
lu are substrates. T

he synthesis o
f poly

:;\lltarnalt derivatives o
f these analogs m

ust be considered in evaluating their 
;~-'lon·,yicity m

 view
 o

f the inhibitory potency o
f polyglutam

ate analogs for m
any 

l:'.n .. :)'m
c system

:.; (K
isliuk, 1981; B

aggott, 1983; T
able X

IV
). 

P
w

Juct inhibition (M
cG

uire et aL, 
1980) and substrate specificity (F

oo and 
Shai•c. 

1982) have been suggested to
 b

e m
echanism

s by w
hich the chain length 

''-'tm
J 

111 
vii'<• 

can be determ
ined. A

n enzym
e preparation from

 rat liver w
as 

i(>un<J to catalyze the exchange o
f the term

inal -y-glutam
ate residue w

ith m
eth

io11inL glutam
ate. glutam

ine, or glycine (B
rody and Stokstad, 1982). T

he phys
i,•l•)g1cal ~ignii'icance o

f this activity is not know
n. 

[
1

, 
U

E
G

R
:\D

X
rIO

N
 

y-f11utam
alc hydrolases are often called conjugases because they can fonn 

P1cG
h1

1 and PteG
!u

2 derivatives from
 conjugated (PteG

lun) form
s. T

he 'Y
-gluta-

111ate hydrolase:-, that have been highly purified are listed in T
able X

V
I along w

ith 
-,,)all' o

f their properties. E
nzym

es from
 different sources cleave the 'Y

·glutam
ate 

diam
 

:it different points, but all require a free carboxy term
inal residue for 

aoivl!} _ O
nt' of the m

ost w
idely used preparations is from

 hog kidney, but it has 
11l)t 

hL
'<

:n highly purified. It liberates P
te0

lu
1 form

s. 
T

he -y-i:;lutnrna1e hydrolases having a pH
 optim

um
 near 4.5 are considered to 

bl' of 
lys1•:m

m
<1l origin. A

 com
parison o

f PteG
lu,. hydrolases in m

ouse tissues 
i hk~·l e

r al_. 1982 i show
ed that kidney and m

uscle extracts generate intennedi
~1tes «

f all cht1in lengths from
 P

teG
\u5 o

n
 route to

 PteG
lu, w

hereas liver extracts 
yid<

l PleG
lu directly, S

im
ilar results w

ere obtained w
ith isolated lysosom

es from
 

iiK-
n.~pective £issues. 

1t is 
not certain if these enzym

es are related to folate 
m

etabolism
 in 

~'fro. 

Th>: panneutic and intestinal enzym
es w

ith higher pH
 optim

a are m
ost likely 

m
vnlved 

in
 the conversion of dietary P

teG
lu,, derivatives to P

teG
lu

1 and PteG
lu

2 
J<:rivatrve'; to facilitate 

intestinal absorption. PteG
lun hydrolysis occurs in the 

inlcstinal m
w

::osa as part o
f the intestinal absorption process (B

utterw
orth et al., 

19(191. L
ong-chain P

teG
lu derivatives are not absorbed by the intestine (B

augh et 
al. 

!LJ75: for a review
 see H

alsted, 1979). 
A

nim
al ')'-glutam

ate hydrolases cannot cleave the ex-am
ide bond betw

een the 
ptero,1te and glutam

ate residues. 
C

ertain bacterial carboxypeptidases catalyze 
~hi:, li'm

:tion (P
ratt et ar, 1968; L

evy and G
oldm

an, 1968; A
lbrecht et al., 1978). 

t-::. 
(«

 iE
lJZ

:Y
M

E
 

F
U

N
C

T
IO

N
 

l'otyglutam
yl de,rivatives o

f folate are generally regarded as the active co
cn,'.ym

<.: form
s in tissues because (a) folates are universally present in tissues as 

>
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1 -.olyglutamate~. (b
) polyglutam

ate cofactors generally have a higher affinity for 
hilatf enzym

e:; than the corresponding m
onoglutam

ates (see M
cG

uire and B
er

rin<.1. ! 98 L
 C

ic.:how
icz et al., 1981; K

isliuk, 1981, for listings o
f K

m
 values), and 

1 t' l 
a 

m
utant 

C
hinese 

ham
ster 

ovary 
cell 

line 
that 

lacks 
the 

enzym
e 

k•lylpolyglularnate synthetase but is 
norm

al 
in all 

other respects has grow
th 

rc<.juiremt'nt~ 
fo

r glycine, adenine, and thym
idine (T

aylor and H
anna, 

1977). 
f'he~,, m

utant cd
ls .::annot carry out norm

al biosyntheses w
hen Jacking folate 

polyglutam
ate::,. In a m

edium
 lacking only thym

idine the m
utant cells grow

 on 
11igh 

nmcentration~ o
f 5-C

H
O

-H
4 P

teG
lu but, if either glycine or adenine is 

bckm
g. 5-C

H
O

-H
4 P

teG
lu w

ill not support grow
th. It appears that the enzym

es 
required for thym

idylate biosynthesis, nam
ely, serine hydroxym

ethyltransferase, 
thym

idylate ::,ynthase, and dihydrofolate reductase, are less sensitive to a lack o
f 

polyglutam
ate coenzym

e than the enzym
e system

s required for glycine o
r ade

m
ne 

~ynthesis. 

E
viuence is accum

ulating that the polyglutam
ate chain serves a coordinating 

funcri(1n in one-carbon m
etabolic pathw

ays. It seem
s reasonable to suppose that 

tht: c·arboxy tcn
n

io
al portion o

f the polyglutum
ate chain is attached to an anchor 

pn>
tL·m

. pt:rhaps distinct from
 any know

n folate enzym
e. T

he P
teG

lu portion o
f 

th
t w

u
lecu

k
 then proceeds sequentially from

 enzym
e to enzym

e (M
acK

enzie 
,111d B

augh, 
1980: K

isliuk and G
aum

ont, 19&
3). 

f 
f~t·,GL'Lr\T< IR

Y
 

F
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C
:s1athionine ')'-synthase from

 N
eurospora crassa catalyzes the form

ation o
f 

cy~tathil)lline from
 0-acetylhom

oserine and cysteine. T
he cystathionine is cleav

r.:d 
to

 
hrnm

1cysteine. 
w

hich 
yields 

m
ethionine 

after 
reacting 

w
ith 

5-C
H

3 -
H

)'t..:U
lu. 

Cy~tath1onine "(-synthase 
has an absolute requirem

ent for 5-C
H

3
-

H
.Y

k
0

lu
 a:-. an allosteric activator w

hereby the activator stim
ulates the form

a
tw

n nt tho: acceptor o
f its m

ethyl group. 5-C
H

3 -H
4 P

teG
lu

7 is m
uch m

ore active 
tiw

n 
5-C

H
.1 -H

.iP
teG

lu 
as an 

activator. 
S

-A
denosylm

ethionine is 
an 

allosteric 
in

liib
itn

r 
0

1
' cy:-.tathionine "(-synthase. 

T
hus, C

H
3 -H

4 P
teG

lu
7 and S

-adenosyl-
1n1.:tb1nni1K

 reupr01:ally control the synthesis o
f the m

ethyl group acceptor hom
o

~·~(,terne iS
elhub er al., 1971). 

Sc~·rne hy<lm~yrnethyltransferase is also regulated by C
H

3 -H
4 P

teG
lu. Its w

eak 
inhibitilm

 <Sd1irch and R
opp, 1967) is enhanced by elongation o

f the glutam
ate 

-.h,un 
1 l\fatthcw

s ct al.. 
1982). 

Inhibition o
f serine hydroxym

ethyltransferase 
k:;1<b io a tlecn::ase in the am

ount o
f serine used to supply single-carbon units for 

r·urm
<.: _ pyrirn1<line. an<l m

ethionine form
ation and an increase in

 the am
o

u
n

t o
f 

'•:rtn
( u~cd for gluconeogenesis and/or oxidative rem

oval. 
A

 
ru

k
 for 

H
;:PteG

!u
11 

in 
regulating the activities o

f thym
idylate synthase 

:\\.hliu1' ,·1 al.. 1974) and C
H

2 -H
.iP

teG
lu reductase (M

atthew
s and B

augh, 1980~ 
ha~ been suggested. E

ach o
f these enzym

es is strongly inhibited by H
2 P

teG
lun, 

and 
cach 

ha::. 
C

H
rH

4 P
teG

lu
11 

as 
its 

substrate. 
A

 
decrease 

in 
the 

C
H

2
-

f-l)>
icG

lu,/H
'.'P

teG
lu,, ratio w

ould result in decreased C
H

2 -H
4 P

teG
lu,, reduction 

T
H

E
 B

IO
C

H
E

M
IS

T
R

Y
 O

F
 F

O
L

A
T

E
S

 
55 

to form
 

m
ethyl 

groups, shunting the C
H

2 
group to oxidative pathw

ays and 
preventing the further form

ation o
f H

2 P
teG

lu by the action o
f thym

idylate syn
thase. H

2 P
teG

lu
5 enhances the binding o

f fluorodeoxyuridylate to thym
idylate 

synthase, w
hich could explain the cytotoxic synergy o

f fluorouracil and m
eth

otrexate in L
l2

1
0

 cells (F
ernandes and B

ertino, 19&
0). 
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reas o

f folate m
etabolism

 not covered in this chapter but w
ith relevance to 

chem
otherapy w

ith antifolates include (a
) folate-binding proteins that could be 

involved in folate transport and storage (C
olm

an and H
erbert, 19&

0; S
uzuki and 

W
agner, 1980; C

olm
an et al., 

1981), (b) intestinal absorption o
f folates (H

al
sted, 1979), (c) folate distribution in tissues (S

cott et al., 1983), (d) the effects o
f 

alcohol (H
illm

an and S
teinberg, 1982) and contraceptive steroids (L

akshm
aiah 

and B
am

ji, 1981) on folate absorption and distribution, (e) folate nutrition (B
ro

quist et al., 
1977, and (j) folates in neurology (B

otez and R
eynolds, 1979). 
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Abstract: MTA (l Y 231514) is a new antifol that Inhibits multiple folat0-dependent enzymes, including thymidylate 

synthase, dihydrofolate reductase. and glycinamide ribonucleotide fonnyl transferase. Initial phase I trials 
demonstrated major a~r responses when MTA was given as a 10 min I. V. infusion, however, 
myelosuppression precluded dose escalation above 500-600 mg/m2. Since preclinical studies indicated that 
folic acid supplementation increases the eherapeutic index of MTA, the feasibility of administering folic acid 
5 mg daily for 5 days starting 2 days before MTA in minimally- and heavily-pretreated pts was evaluated to 
determine if folic acid supplementation ameliorates the toxif effects of MTA, permitting significant dose
escalation above the recommended phase II dose of MTA alone. Thus far, 21 pts with solid cancers have 
received 55 courses at the following dose levels: 600, 700, and BOO mg/m2. Drug-related toxicities have 
included neutropenia, anemia, and thrombocytopenia, which have been more severe in heavily-pretreated 
pts. Other toxicities (grade 1-2) include rash, somnolence, fatigue, leg edema, and diminished renal function 
manifested by a decrease in creatinine clearance. One pt taking a non-steroidal anti-inflammatory agent 
experienced severe toxicities at the 800 mg/m2 dose, which resolved after administration of leucovorin and 
thymidine. One partial response in a pt with metastatic colon cancer has been observed. PK and vitamin 
(folic acid) metabolite profiles were done during cycles 1 and 3 at 600 to 800 mg/m2. To date, serum folic 
acid levels do not appear to be related to toxicity, h1rt homocystejne was significantly elevated in the pt with 
severe toxicities at the 800 mg/m2 dose. Thus far, heavily- and minimally-pretreated patients have tolerated 
MTA at 600 and 800 mg/m2 and accrual continues at 700 and 900 mg/m2, respectively. These results 
indicate that folic add sugp!ementat;an appearn to oormit MTA dose escalation. 
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618 Specialty Areas of Clinical Chemistry 

TABLE 29-16. Toxicity Symptoms Reported 
co Be Associated ";th Chronic High Doses 
of P~Tidoxine 

Motor and sensory neuropalhy; vesicular dennatosis on 
regions of the skin exposed to sunshine. 

Peripheral neuropathy; loss of limb reflexes; impaired touch 
sensation in limbs; uµsteady gait, impaired or absent 
tendon retlexes; sensation of tingling that proceeds down 
neck and legs 

Dizziness; nausea; breast discomfort or tenderness 
Photosensitivity on exposure to sun 

!Wune: l.JrJan 1.£. V"llamin 86. In: Madilin LJ, ed. HanJ.boolc of vitamins. 
2nd ed. Ne111 Yonl:: Manzi DOAer, I 991. 

conditions of vitamin B6 deficiency, the enzyme is not sat
urated by coenzyme in vivo, and the activity ratio will exceed 
1.5 and 1.25, respectively.223 An elevated erythrocyte AST 
(EAST) index or ratio is a conunonly accepted indicator of 
inadequate B6 nutriture. 

An older procedure for determination of B6 ·nutritional 
status is the tryptophan loading test. Urine is collected for 
24 hours after ingestion of2 to 5 g of 1-tryptophan, and out
put of xanthurenic acid is measured. In vitamin B6 defi
ciency, kynureninase activity is decreased, and kynurenine 
and 3-hydroxykynurenine accumulate. There is a resultant 
increase iq excretion of tryptophan metabolites, including 
xanthurenic acid (see Fig. 29-20). A similar protocol is em
ployed in the methionine loading test, with assessm~nt of 
cystathionine excreted being used to evaluate B6 status. 
Other widely used methods for vitamin assessment have in
cluded rnicrobiologic and fluorometric assays.225 

The concentration of plasma PLP is considere4 to be the 
best indicator of vitamin B6 status, including tissue stores. 
The 4-pyridoxic acid content of a 24-hour urine reflects the 
production and excretion of the major metabolite of B6 • 

Reduced excretion of this urinary metabolite is one of the 
earliest indicators of a B6 deficiency. 

Direct assessment of B6 levels is complicated by photo
sensitivity of the vi tamers. HPLC rnethodS for mea.5urement 
of 4-pyridoxic acid levels in the urine or B6 vitamers in the 
plasma are rapid, specific, and sufficiently sensitive to be 
clinically useful.8•65.218 A sensitive and reliable procedure for 
determination of PLP by HPLC with electroch~mical de
tection has been described.47 

Also of interest is a radioenzymatic assay for direct mea
surement of PLP, based on activity of the PLP-dependent 
enzyme tyrosine decarboxylase from Streptococcus fecalis. 34 

The commercially available apoenzyme is incubated with 
tritiated tyrosine and patient plasma. PLP in the specimen 
provides the required coenzyme, and the decarboxylated 
metabolite formed (PHJtyrarnine) is extracted and quanti
fied by liquid scintillation counting. 

Fol ates 
Folates comprise a family of compounds derived from li1ht 

or pteroylglutamic acid. 192 All members of the family po~~C\• 
the double-ring structure pteridine (2-arnino-4-hydrox>•-fi 
methylpterin) joined by a methylene bridge to /M1tl· 

aminobenzoic acid (PABA}. This parent compound is t:.1llc:tl 
pteroic acid (Pte). PABA, in tum, is linked through a per«idr 
bond to one molecule of glutamic acid, forming folic :1c.:u• 
(FA) or pteroylglutamic acid (PteGlu; PGA) (Fig. 29-22) 
Conjugation with additional glutamic acid residues p1·t• · 
duces a series ofpolyglutamates. The bulk of the vitamin it 
present in the diet as folate polyglut.amates. Enzymes re 
quiring folic acid as a coenzyme catalyze chemical reaction• 
involving the transfer and utilization of single carbon unir.' 
Nitrogen atoms at the 5 and 10 positions in the pteridincr 
ring portion of the molecule are active in these single c.::ar
bon unit transfers. The polyglutamate chain attaches 1h11 

coenzyme to the apoenzyme. Double bond reduction a11<I 
presence of various substituents serve to differentiate th\' 
various analogs of folic acid. Reduction of double bonds bl·· 
tween ring positions 5-6 and 7-8 converts folic acid ini., 
tetrahydrofolic acid (THFA, or FH4). The termfolale is ·'I·'· 
plied generically to the entire group of compounds. Use: c •I 
the older generic descriptor, foJacin, is no longer acceptabl<· 

The most recently published folate RDAs are 180 µg for 
adult females and 200 µg for adult males. 181 For adolescc:nh 
150 µg is reconunended. The minimal daily requirement liu 

folate is approximately 50 µg for adu!ts_HlO Use of oral cn11 

traceptive steroids can increase urinary excretion of fol:ur 
Increased vitamin intake may be required to offset 1111· 

loss.212
•
229 In pregnancy, the RDA is raised to 400 µg "' 

maintain maternal folate reserves and adequately supp< •r • 
normal fetal growth (see Table 29-4).'81 Megaloblastic a11t· 

mia of pregnancy is commonly due to folate deficiency. Foh. 
acid, even as much as 15 mg daily over several years, is "' 
portedly not toxic in humans. 103 However, some data sugg .. ,1 

that excessive intake of supplemental folate may interfrr" 
with intestinal absorption ofzinc.31

•
170 

The namefolale, Iike the word foliage, is derived &om tlu
Latin word for leaf. Cruciferous vegetables, such as spin a< h. 
turnip greens, asparagus, broccoli, and brussels sprouts, all" 

PterOJ'IQlutamic acid 

Pteroic acid 
p·amino benzoic ocid 

2-amino-4-hydroiy-6-metllrlpterin 
Glutomic oeid 

A. 
liigra-e 29-22. Folacin. 
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rich in folate. Folate is abundant in liver, kidney, whole
grain cereals, yeast, and mushrooms.82 The vitamin is also 
synthesized by intestinal microflora. Prolonged cooking, 
particularly steaming and boiling, destroys most folate in 
foods. Infants receiving boiled formulas prepared with pas
teurized, sterilized, or powdered cow's milk require folate 
supplementation. 

Following ingestion, polyglutamatcs are c'O~Ylllatki\11)'" 

hydrolyzed to monoglutamates by action of C:Ot\IUtJatOS ill , 
the mucosa of the small intestine (Fig. 29-23); .'P6J:4itd ' 
monoglutarnates are rapidly absorbed and transported in:(lt6.: 
circulation mainly as the tetrahydrofolate (FH,) derivadvtt. ·: _ 
The major form offolate in serum and red cells is 5-111cthyl• . 
tetrahydrofolate {N5-methyl-FH4). Dihydrofolate rcdutbli~· 

INGESTION · CONJUGASES © Monoglutamates 
•MOR '"'- 50Jtg dally ---------------~-------- (&-Methyt-THF, Formyt-
Food Folates (mono- CONJUGASE INHIBITORS THF, OHF and other) 

and polyglutamates) l PGA (medicinal) ) 

~RpttON (notB12~ @ ABSORPTION 
R . c1!Qlla\i0" 

(EnlS~gdallYl 

EXCRETION 

MonoglU!amates 
(possibly also Di-) 

Including PGA 
cane & urine) 
Monoglutamaies & 
split products of 
Folate Metabolism 

Monoglutamates 
(malnly 5-Mathyt-THF) 

t 
Polyglutamates 

A 

TISSUE 
CELL 

©DELIVERY @ 

/.i'\ OIHYDRO
'-!/ FOLATE 

REDUCTASE 

SMALL BOWEL 
EPITHELIAL CELL 

_(f)_1 --1 THF I :============
DIHYDRO-

,,.------~OHF 

FOLATE 
REDUCTASE 

~ 
ThymldyllcAcld - ONA-Thymine 

THYMIDYLATE 
SYNTHETASE 5:10 METHYLENE- .'10' 

THF, REOUCTASE ~ 
Pe<Jxyurldylic Acid 
\ NotB12-dependent 
\. ln"1'1"7 

Uridyllc Acid 

FORMALDEHYDE 
ACTIVATING 

ENZYME 

10 Fonnyl-THf 

FGAR 1 @) 
GAR 

@) 

HYDRO- ISOMERASE 
LASE 1 . 

5-Formlm!no-THF 

1. 

@ @HY~~~l- ', E 
Serln~RINE- ' 

CYCLO- 10 FORMY~-THF 
@ @) 

CYCLO
OEAMINASE +Bs ', 

GLYCINE ,...--5-:1_0_M_e_lh_en_yl-_TH_F ___, 

5:10 METHYLENE (Anhyttl'OleuCOllOrin) 

TliF oEHY~~ R>nnate 4 J. I ? 

~ (f3) @\ ~---------1 ~ -5:_1_0_M-elhyl--e_n_&-_TH_F~, @ S:Formyt-THF 

5:10 ~rotl~~-THF (Folirllc Al;ld. Leucovorin 

• MOR= Adult minimum dally requirement from exogenous sources to sustain nonnallty 

F"lfP"6 29-23. Flow chart of folate metabolism in humans. Circled numbers indicate individual steps in folate 
me tabolism. Source: Herben V, ~ KC. Folic acid and vitamin B.2. In: Shils ME, Olson JA, Shike M. eds. 
Nuuition in health and disc!UC- 8th ed. Vol.I. Phiiadetphia. PA: Lea&: Febiger, 1994. 
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catalyzes the enzymatic reduction reaction.42 Folate may 
circulate in the free form or attached to low-affinity or 
high-affinity binders. Approximately two-thirds of folate is 
loosely bound to plasma proteins, indu.ding albµmin, 
a.2-macroglobulin, and perhaps, transferrin. High-affinity 
folate-binding proteins have been purified from serum, 
milk, and cerebrospinal fluid. The role these specific pro
teins play in overall folate nutriture is not dear. The milk 
proteirt could facilitate intestinal uptake of folate. Presence 
of a folate-binding protein in the choroid plexus may ac
count for the high CSF/serum ratio of the vitamin. Serum 
folate levels range from 3 to 25 ng/mL.42 Marginal defi
ciency is suggested by concentrations from 3 to 5 ng/mL; 
levels above 5 ng/mL are interpreted as indicating adequate 
folate. 28

•
100 Recent efforts to establish a pediatric reference 

range show folic acid concentrations to be higher in chil
dren, especially in those less than 1 year of age, than in 
adults. During adolescence, a significant decrease in serum 
folic acid concentration has been noted. 102 folate concen
tration in CSF c-anges from 15 to 35 ng/rnL.42 While folate 
monoglutamates are the circulating and transport forms, 
polyglutamates are the primary intracellular storage forms of 
the vitarnin. 100 Hepatic stores are believed to account foe- ap
proximately 50016 of the body's reserve of folate, predomi
nantly as pentaglutamates. Other tissues with high concen
trations of folate are the kidney and blood cells. RBC fol ate 
is almost entirely in the form of methylfolate pentagluta
mates. Negative folate balance is indicated by erythrocyte 
vitamin levels less than 200 ng/mL; tissue depletion occurs 
when folate levels fall below 160 ng/mL. 100 Tissue folaie
binding proteins are reported in granulocytes as well as the 
brush border: of intestiµal mucosa. Leukocyte folate ranges 
from 60 to 123 µg/L ofWBCs.42 Folate-r:equiring enzymes 
serve as intracellular folate binders. Excretion occurs in the 
bile and urine (Fig. 29-23). 

Vitamin deficiency may be dietary in origin, associated 
with malabsorption, or drug-induced (Table 29-17). Nutri
tional folate deficiency is seen in infants raised on goat's milk, 
which has only about 10% of the concentration of the vita
min found in human 0£ cow's milk. 181 Inbom errors of fo
late metabolism (e.g., dihydrofolate reductase deficiency and 
congenital folate malabsorption) give rise to folate defi
ciency. Total parenteral nutrition using amino acid sol~tions, 
unsupplemented by folate, has been reported to in9.uce acute 
depression of serum folate, marked by pancytopenia and 
megaloblastic anemia. 73 FoJate malabsorption may occur in 
conditions such as Crohn's disease or ulcerative colitis. Iron
ically, sulfasalazine, which is used in the treatment of in
flammatory bowel disease, impairs folate absorption. Vitamin 
deficiency may arise during anticonvulsant th~rapy with 
phenytoin or phenobarbital.31 Other drugs that affect folate 
status include cycloserine, metforrnin, and cholestyramine. 
Antifolate medications are used in the treatment of a wide 
range of malignant and nonmalignant disorders. 100 Folate an
tagonists appear to bind irreversibly to the enzyme dihyro
folate reductase. Examples of such drugs are trianiterene, a 
diuretic; pyrimethamine, an antimalarial; trimethoprim, an 
antimalarial as well as a potentiator of sulfonamides in the 

TABLE 29-17. Diseases Treated with Drugs · 
.Kt10\\ll to Interfere '~ith Folatc i\fetabolism 

- . ,. ~ - . - ~ . . 
" .·_::u- .- . _; _,._: .. ~:-.. -· . ·~ .. ~ . ·: .. : :. ~ -~--Q-. - ~·: ··~·.:· ~ 

Cancer, leukemia 
Psoriasis 
Rheumatoid arthritis 
Bronchial asthma 
Bacterial infecrion 
Malaria 
Hypertension 
Crnhn's disease 
Gout 
Epilepsy 
AIDS 

Methotrexate 
Methotrexate 
Methotrexate 
Methotrexate 
Trimethoprim 
Pyrimethamine 
Triamterene 
Sulfasalazine 
Colchicine 
Phenytoin 
Trimetrexat~ 

Soun:e: From Butlenuorth CE, Tamura T. Fa/;,; acid sa/t:IJ and ll»ci<itJ: A lnVJ 
reuiew. Am] Qin Nutr 1989;,0:3,.1. 

treatment of bacterial infections; and pentarnidine, used 111 

c+eatment of trypanosomiasis and leishmaniasis. 212 Penta1111 . 
dine is also employed in the treatment of pneumonia, pre· 
sumably due to protozoa) infection. Pulmonary disea~1· 

caused by Pneumocystis carinii occurs in 65% to 85% of all 
AIDS patients. The most common manifestation of this 111-

fection is pneumonia; Among the adverse reactions arisini.t 
from standard pentamidine therapy in the treatment of clu. 
pneumonia is the development offolate deficiency. The 011-

cer chemotherapeutic agent methotrexate (MTX) is an l·~ 

pecially potent folate antagonist.212 MTX may also be utiliznl 
in the treaonent of psoriasis and c-heumatoid arthritis. Thl
acute toxicity offolate antagonists is due to their impairmt·111 
of DNA synthesis. A phannacologic amount (>0.4 mg/ d) ••I 
folic acid may be administered ;lS a "rescue dose" to patit"111\ 
receiving cancer chemotherapy. 

In the U.S., inadequate f~late nutriture is particularl) 
conunon among those in Jowec- socioeconomic groups.'" 
Folic acid deficiency has been reported as the most commo11 
nutritional deficiency amo~g low-income ~nd institutional· 
ized elderly.28

•
167

•
216 Exposure to ethanol may alter the acttv· 

ity of intestinal brush border folate hydrolase (conjugas1-). 
causing malabsorption of the vitamin. Alcohol also interft·rl"\ 
with hepatic processing of folate, Chronic alcoholism i.~ .i 

major cause of folate deficiency in the Vnited States. 
Tetrahydrofolate (THF) derivatives serve as cofactors ti•1 

enzymes catalyzing the transfer oft-carbon groups in methr· 
Iation reactions necessary for a variety of biochemical rc:ir 
tions. The coenzyme fonns of the vitamin include rlw 
following tetrahydrofolates: N 5-fonnyl-FH4; N°-fom1yl. 
FH4; N 5-fonnimino-FH4; N 5

, N1°-methenyl-FH.; N 5
, N'"· 

methylene-FH4 ; and N 5-methyl-FH4•
192 The carbon umc. 

transferred by the coenzymes are presept in varying states • •f 
reduction. Coenzyme activity appears ~o be greater wi1h 
polyglutamate, rather than monoglutam.ate, foe-ms of fol:ii.· 
Metabolic reactions requiring THF coenzymes include i11-
terconveC"Sion of serine and glyc~ne; methioniJte synthcm 
from homocysteine (also a B 1i-dependent pathway); histidirw 
degradation to glutarnic acid by means offonniminoglut;11111. 
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acid (FIGLU); purine biosynthesis; synthesis of the pyrimi
dine thymidylatc, required in DNA synthesis; and the 
methylation ofbiogcnic amines, including dopamine, trypt
amine, serotonin, adrenaline, noradrenaline, and the gener
ation/activation of formate. 42

•
192 A number of studies have 

suggested a role for folate in the reversal of preneoplastic con
ditions of cervical and lung cancers.255 

Both biochemical and hematologic changes (Table 29-18) 
are characteristic of poor folate nutriture. The principal clin
ical feature of folate deficiency is megaloblastic anemia, but 
folate depletion may precede anemia by months. Other signs 
and symptcfms of deficiency include anorexia, glossitis, nau
sea, diarrhea, hepatosplenomegaly, and hyperpigmentation of 
the skin.42.64 Neurologic disorders also have been attributed to 
folate deficiency, although this is not routinely part of the 
clinical picture. Serum folate levels fall below nomul after as 
few as three weeks of folate deprivation. 28 Deficiency of fo
late leads to inadequate synthesis of DNA and abnormal cell 
division. Morphologic evidence of the biochemical inade
quacy includes bone marrow megaloblastosis, appearance of 
hypersegmented neutrophils in the peripheral blood, and 

._ )racrocytosis of reticulocytes and platelets. 95 When red cell fo
late levels are less than 100 ng/mL (226.6 nrnol/L), morpho
logic abnormalities in mature circulating red blood cells are 
detected with development of a macrocytic, nonnoblastic, or 
megaloblastic anemia. An elevated mean red cell volume and 
low hemoglobin are consequences oflong-standing folate de
ficiency.100 Elevation of certain metabolites in the serum 

Vllam(n,.. 621 

serves as an ear-ly indicator nf suboptimal lcvd~ uf fola1(', h1r 
example, poor folate status can result in higher phm1ui lcvc.-li 
of the atherogenic amino acid homocystcinl'.•v.iu,Jib.2"' Uc,: .. 
cause of a lack ofS-methyltetrahydrofolatc in :1111uu111s surU .. 
cient for the remethylation of homocystdnt• ro rncthioolna, 
homocysteine accumulates in the pla.m1a. Tuxic cffoc1s 11ri..., 
ing from excess homocysteine may be due to it.~ inrerfercnt;a 
with normal cross linking of collagen moleculci;, thereby 
disrupting or damaging the intimal surface of arteric:s. I.ow 
normal serum folate concentrations could therefore pl:tce :in 
individual at increased risk of cardiovascular disease. Supple
mentation with modest doses offolate (1to5 mg/d) can often 
nonnalize elevated homocysteine concentrations. 25•

124
•21 " 

Approximately 6000 infants are born each year in the 
U.S. with neural cube defects. Maternal folic acid supple
mentation in early pregnancy reduces the risk of giving birth 
to an infant with a neural tube defect (e.g., spina bifida or 
anencephaly) by as much as 75%. Becaµse closure of the em
bryonic neural tube normally occurs by the sixth week of 
pregnancy, there is no deterrent advantage reported for 
women who begin supplementation afi:er that point in 
time. 160·203•280 Folic acid fortification of basic foods, such as 
wheat flour, has been advocated. While this action would 
address the issue of women of child-bearing age receiving 
the vitamin in amounts sufficient to reduce the risk of fetal 
neural tube defects, it could create a medical dilemma for 
the elderly. It is estimated that pernicious anemia (PA) 
caused by malabsorption of vitamin 8 12 effects approxi-

TABLE 29-18. Sequence of E\'cnts in Developing Folatc Deficiency. Eal'liest Abnonnalities 
in Each Stage arc Boxed 

) 

..... .,,,,..........,., --...................... - IEUTOI -
STAGED ST-I STAGED 

-~ 
........ ... -.. ........ 

Excess* -Liver Folate :z Nonna! &rlr 

~ 
.l!:::C'. ca.. - ~- --z z - -- --Plasma Folate = ~ 2:5 Erythron Folate 

Serum Folate (ng/ml) >IO >IO >5 <3 <3 <3 <3 

RBC Folate {ng/ml) >400 >300 >200 >200 l<I6o <120 <100 

Diagnostic dU Suppression Normal Normal Nonnal Normal Normal Abnormal* Abnormal• 
Lobe Average <3.5 <3.5 <3.5 <3.5 <3.5 >3.5 >3.5 
Liver Folate (µg/g) >5 >400 >3 >3 <1.6 <1.2 <I 

Erythrocytes Normal Normal Normal Normal Normal Normal Macroovalocytic 
MCV Normal Normal Normal Normal Normal Normal Elevated 
Hemoglobin (g/dL) >12 >12 >12 >12 >12 >12 >12 

Plasma Clearance of[ntravenous 
Folate Normal Normal Normal Normal Normal Increased Increased 

•DieuJ,, e%tZSS of folau n<duus zinc absmptUm. 
Due lo hoTm<m4l effeas (on .-ecepwnr), there may be folale deficiency (i.e. Stag< Ill-IV negatiw balance) in cennwl q,itlieliaJ alls (a rroenibk lesion) (possibly tnuancerousrJ 
when lltcre is only earl] ~"" balance (i.e. Stage 1-ll ~..,~nee) m the erylhnm (Ran <I aL Blood, N=ember 1990). 

Sourtt: Hi!rl>m B, Das K Folic acid arul vilamin B,.· In: Shils ME, Olson ]A, SJUJu M, eds. Modem nulrilion in Nallh arul tfueau. 8th ed. PliilaJnphia: Lea & Fmgrr, 
1994. 
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mately 1 million Americans. Most of these individuals are 
older adults. A deficiency of either vitamin B12 or folic acid 
will create the same hematologic picture (i.e., macrocytic, 
megaloblasric anemia). However, only a B 12 deficiency will 
produce irreversible neurologic lesions. Folic acid supple
mentation can mask or delay diagnosis of B12 deficiency by 
restoring a normal hematologic picture without preventing 
the B 12-induced neurological disease. There is serious con
cern among health practitioners that widespread fortification 
of foods with folic acid would significantly increase the in
cidence of delayed diagnosis of vitamin B 12 deficiency. 286 

Microbiologic assays of folates in serum, erythrocytes, 
and urine have been conducted in the clinical laboratory for 
many years. 110

•
171 Although not as rapid or convenient as 

newer radioassay procedures, microbiologic assay remains 
the reference method. The organism of choice is lActobacil
lus casei (ATCC 7469), which utilizes all monoglutamate 
fonns of folate, including the reduced form, 5-methylte
trahydrofolate, for growth. R.BC folate is present as polyg
lutamates and must be converted to monoglutamates for 
analysis. Interference by antibiotics in the patient specimen 
presents a serious problem. 

Indirect measurement offolate status has been attempted 
by employing a histidine loading test. Histidine is metabo
lized to glutamic acid by way of the intermediate 
formiminoglutamic acid (FIGLU). The final enzyme of this 
pathway, forrniminotransferase, is folate-dependent. Iffolate 
is deficient. FIGLU accumulates. When an oral 2- to 15-g 
dose of histidine is administered to a folate-depleted patient, 
the amount of FIG LU excreted in the urine in the 8-hour 
period following the load is at least 5 to 10 times greater than 
the amount excreted by a folat.e-replete individual under the 
same conditions. 229 

Another approach in evaluating the adequacy of tissue fo-
J late to support normal biochemical function is by means of 

the deoxyuridine (dU) suppression test, which reftects 
slowed de novo DNA synthesis. The final step in the conver
sion of deoxyuridylate to thymidylate for DNA synthesis is 
folate-dependent. This test is generally abnonnal in mega
loblastic anemia due to both folate and B12 deficiency. 36 

There is concern over falsely low serum values for folate 
arising from oxidative destruction of the vitamin prior to 
analysis. To avoid vitamin loss, serum may be stored frozen 
or a reducing substance such as ascorbic acid may be added 
to the specimen. A recent study on the effect of light on 
sernm folate concluded that specimens to be tested can be 
stored at room temperature for up to 8 hours in either a gel 
separator collection tube or in a polypropylene storage tube 
without substantial loss ( <7%) of the vitamin. Folate speci
mens exposed to light for more than 8 hours should be re
drawn.154 Since folate levels of erythrocytes exceed serum 
levels by approximately 40-fold, it is essential that he
molyzed samples not be accepted for assay of serum folate. 
To measure erythrocyte folate levels, a hemolysate, prepared 
with an aqueous 1 % ascorbic acid solution, is tested. 28 

Folate assessment by competitive protein-binding ra
dioassay techniques is common. Tracers used are [1 25I)folate 

or 3H-PGA. The weak binding of folate to plasma protein• 
necessitates pretreatment or a denaturation step to liberate 
the vitamin before application ofCPB techniques. Denatu 
ration may be by heat (boiling) or by pH inactivation {110-
boil). Incomplete denaturation of interfering proteim '' 
sometimes experienced with a no-boil protocol. Radiofi 
gand assay procedures have been adapted for automated SY' 
terns to pennit simultaneous assays of serum folate and B" 
after manual heat denaturation of endogenous proti.:111 
binders.45 Because these two vitamins are so closely link•·•• 
in terms of biochemistry and metabolic function, it is i111· 
portant that they be evaluated together. 116 

HPLC is particularly useful in separating the variom 
folate compounds. A competitive enzyme-linked ligarul 
sorbent assay (ELLSA) for quantitation of folates has been 
described that offers promise for application in the clinic.11 
laboratory. 89 

Individuals with a folate deficiency will have a reduc<·•I 
capacity to convert homocysteine to methionine. Measun·· 
ment of serum levels of homocysteine by modified ted1-
niques using capillary-gas chromatography and mass spn· 
trometry have proven useful as a means of identify11111 
suboptimal folate nutriture.230 Totally automated method~. 
including a C 18-based HPLC assay and an FPIA requiring n• • 
pretreatment or chromatographic step, have been reponl-.1 
in the literature reccntly.237• 

VitaminB,a 
In 1948, vitamin B12 was isolated and crystallized for the fiN 
time by both American and British researchers. 206 IUP AC n~L 
ommendations call for generic use of the name cobalamin fo1 
those vitamins that possess a cobalt-<:ontaining corrin ring al· 
tached to the nucleotide 5,6-dirnethylbenzimidazole (sci' 
Table 29-11). Dimethylbenzimidazole is similar in structure to 
riboflavin. The corrin nucleus contains four substiturc:tl 
pyrrole rings and resembles the porphyrin nucleus of he1m: 
Various ligands may be covalently linked tb the cobalt atom. 
including cyanide anion {cyanocobalamin), hydroxyl grout' 
(hydroxocobalamin), methyl group {methylcobalamin). or 'l' 
deoxyadenosyl group (adenosylcobalamin).t92 The coenzym<' 
fornis ofBm adenosylcobalamin and methylcobalamin, fu1u· 
tion as transmethylating agents.42 Methylcobalamin account' 
for approximately 75% of plasma vitamin B 12, whereas a sir11 · 
ilar percentage ofliver B12 is in the form of adenosylcobalam 111 
B 12 in erythrocytes and the kidney is also largely presem .1• 
adenosylcobalamin. Smaller amounts of hydroxocobalamrn 
and cyanocobalamin exist in body fluids and tissues. 

The RDA for vitamin B 12 is 2 µg for adults and adob
cents of both sexes. In pregnancy and lactation, the require-· 
ment is increased, respectively, to 2. 2 µg and 2.6 µg daily.•'' 
Although vegetable matter is devoid of vitamin Bm it " 
present in animal products such as meat and dairy foods, 111. 

duding liver, eggs, milk, and cheese.82 Microorganis111• 
alone synthesize the vitamin, and animals, includi11r. 
humans, ultimately depend on chis activity to furnish pre 
formed B 12. Enteric microorganisms, mainly actinomycetn. 
synthesize B 12 in the human colon, but it is not absorlw.t 

··'·.;!°" 
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through the mucosa in this region of the gastrointestinal 
tract.29 B12 deficiency is rarely caused by poor nutrition. 
However, strict vegetarians, unless they receive B 12 as a con
taminant in food or supplement the diet, will develop a clin
ical deficiency.% The liver stores 50% to 90% of the body's 
B 12•

99 Reserves are relatively large, and it may require liter
ally years for the classic features of deficiency to appear, even 
in complete absence of vitamin intake. .. 

Vitamin B 12 is absorbed in the intestine, depending pri
marily on the availability ofintrinsic factor (IF), a glycopro
tein secreted by gastric parietal cells (Fig. 29-24). These same 
cells secrete hydrochloric acid. Impaired absorption due to 
lack of intrinsic factor in gastric secretions gives rise to 
the dinical condition known as pemidous anemia (PA). 

INGESTION 

Food 812 
•MOR "-- O. 1 µg dally © 

Vitamin.-. 623 

Achlorhydria, which diminishes 0 12 absorption, and PA. 
associated with atrophy of the gastric mucosa, arc mo!;t cum
mo~ among individuals over 60 years of age. An extremely 
small percentage of vitamin B 12, probably less than I%, i.~ ab
sorbed passively throughout the intestine, independent of IF 
complex formation. A diffusion-type mechanism for vita
min uptake, not mediated by IF, also seems to operate when 
large amounts (100-300 µg) ofB12 ar-e supplied. 

The four common forms of cobalamin bind equally well 
to IF. 41 [n the ileum, IF-B12 complex binds to specific mem
brane recepton of the mucosa! brush bor-der. A pH above 6 
and the presence of calcium ions are required to promote vi
tamin absorption. Upon transiting the mucosa! cell, vitamin 
B 12 is released into the portal circulation. Plasma B 12 is 

AEABSORPTION 

(Entemhepatlc circulation 
'"\.., ~ µglday) 

® 
2. Oxidized 
1. Unchanged } 

Acid, 
Enzymes (Food 812-IF Complex) pH> 6 Food 812-IF-

X-B1z-TC u __ @ __ 
surface 
receptor 

ea++ 

3.Cyano 812 

TRANSPORT 

IF 

® 
0 12-TC II 

(Liller-derhled?) 

I 
B12-TCI & 

® {TCll~~T~TCI 
granulocyte-dertved?) 

Methyl-812 

8 12 binding a 
In serum 

THF 

Ca++ surface 
Tiypsin receptor 

ABSORPTION •Releasing 
® fac!ot" 

812 - 6 12 
Coenzymes B 

@ ILEAL 
EPITHELIAL CELL 

TISSUE CELL 

• MOR = Adult minimum dally requuement rrom exogenous sources to suslain normality 

Figure 29-24. Flow chart of cobalamin (812) mctabaHsm. Circled numbers identify individual metabolic 
steps. Sou.-ce Herbert B, Das K. Folic acid and vitamin 8 11• In: Shils ME, Olson JA. Shiite M, eds. Modern 
nutrition in health and disease. 8th ed. Philadelphia: Lea&: Febiger, 1994. 
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bound by members of a group of carrier globulins, the · 
transcobalamins (TC). Transcobalamin II (TCII) serves as 
primary transport protein for distribution of newly absorbed 
vitamin B 12 to the tissues.?<J AJI cells that synthesize DNA 
possess surface receptors for TCll. One of the earliest de
tectable signs of a negative 1312 balance is reportedly a de
crease in serum holotranscobalamin (TCII + cobalamin).96 

Vitamin B12 also binds to haptocorrin, a circulating storage 
protein. The only receptors for haptocorrin are on B12 stor
age celJs (e .. f?., liver and reticuloendothelial cells). Other pro
tein binders of 13 12 have been identified in body fluids, in
cluding serum, saliva, tears, milk, colostrum, cerebrospinal 
fluid, and gastric juice, as well as in blood cells. These en
dogenous proteins (TCI and TClll) have been collectively 
designated as R proteins because of their rapid migration dur
ing electrophoresis. R proteins bind both biologically active 
cobalamin and inactive analogs. The physiologic function of 
these binding proteins is not clear, but they do not facilitate 
ileal absorption of the vitarnin.231 The therapeutic form of 
vitamin B12 is cyanocobalamin. [fit is administered subcuta
neously or intramuscularly, the need for IF-mediated in
testinal absorption is bypassed. While the treatment of PA 
with oral B 12 rnegadose therapy is more common in Europe 
than in the U.S., it has proven to be successful.133 When 
given orally, in excess, enough B 12 is absorbed even in the 
absence of IF to meet the requirements of most patiencs. 
Even in megadoses, cobalamin is reported to be nontoxic. 

In humans, two enzymes are known to be vitamin 
B1 2-dependent: 5-methyltetrahydrofolate (5-methyl-THF) 
homocysteine methyltransferase and methylmalonylcoen
zyme A mutase. 42 Methylcobalamin functions as coenzyme 
for a methyltransferase reaction in methionine synthesis. 
The coenzyme form of folate, 5-methyl-THF, donates a 
methyl gtoup to cobalamin, which transfers it to homocys
teine, forming a new amino acid, methionine. Methionine 
is subsequently metabolized to succinyl-CoA. Thus, both 
folate and B 12 participate in methionine synthesis. In the 
process, tetrahydrofolate (THF), required for synthesis of 
thymidylate in DNA, is regenerated from 5-methyl-THF. 
Vitamin B12 acts as a methyl receiver to prevent "trapping" 
of folate as the methylated tetrahydrofolate.192 Interference 
with nucleotide synthesis impairs erythropoiesis and leads to 
development of megaloblastic anemia due either to defi
ciency of B12 or folate. The interrelationship of folate and 
B12 is also seen in a cobalamin requirement for folate uptake 
by cells.82 In this instance, a folate deficiency may occur in
directly because of inadequate levels ofB12• 

Adenosylcobalamin is required by the enzyme methyl
malonyl-coenzyme A mutase for rearrangement of 1-methyl
malonyl-CoA to succinyl-CoA. Succinyl-CoA is further me
tabolized through the tricarboxylic acid cycle. In states of B12, 
but not folate, deficiency, methyhnalonyl-CoA is not con
verted to succinyl-CoA, and methylmalonic acid (MMA) 
excretion in the urine is increased. In summary, B 12 functions 
in oxidative degradation of amino acids and, since methion
ine is a glycogenic amino acid, in carbohydrate metabolism. 192 

Fatty acids with odd numbers of carbon atoms are oxidized 
by a pathway requiring methylmalonyl-CoA mutase activity. 

Thus, B 12 is also essential for normal lipid merabolism. 1''2 111 
adequate supplies of cobalamin will disrupt lipid syntht:s1, 
This, along with decreased availability of adenosyl methio11 
ine needed for myelin protein formation, could expl:1111 
the neurologic complications, including demyelination :11111 

degeneration of the central ne..Vous system and the optic ;11111 

peripheral nerves, seen in B 12 deficiency. 
Deficiency of B12 may be due to dietary absence, .h 

among strict vegetarians, increased requirements, as in prq: · 
nancy, malabsorprion due to disease, drug-induced interfrr. 
ence (Table 29-19), or intrinsic factor and transpon protl!i11 
inadequacies.99 Low cobalamin plasma levels are reported 111 
patients with sprue, Crohn's disease, regional enteritis, pct, 

nicious anemia, gastric or intestinal resection, multiplc
myeloma, IF-blocking antibodies, or serum gastric paric1.1I 
cell autoanribodies. Gastric and intestinal bacterial ovcl'
growth may contribute to cobalamin malabsorption. Up 10 
25% of the geriatric population may be afllicted with 
chronic atrophic gastritis. Occurrence of this condition in 
creases with age and may account for the widely ceportc\f 
low serum cobalamin concentrations among the d 
derly.2·143·198·263 Studies have shown low serum cobalamin ih 

10% to 50% of elderly, depending upon variables such as thr 
specific population of older adults examined, assay tcd1 -
niques employed, and cue-off values used to define risk ul 

deficiency. The prevalence of cobalamin deficiency w.o 
found to be at least 12% in a large sample of ambulacory 
older adults when deficiency was defined by a serum cob:tl 
amin concentration <258 pmol/L and elevation of one "' 
both of the metabolites MMA and homocysteine. Many 
elderly with "normal" serum vitanlin levels were metaboh 
cally deficient in B 12 or folate. 142 Impaired intestinal absorp
tion of B 12 has been reported in patients taking anticonvul· 
sanes, neomycin, para-aminosalicylic acid, phenfonnin, and 
cholestyramine, and also has been reported in alcoholics.'" 
Controversy continues over reports that megadoses ot 

ascorbic acid may lead to inactivation of vitamin B12 Jll•I 
destruction ofIF.27·96 

Clinical features ofB12 deficiency generally include both 
hematologic (e.g., macrocytic anemia, megaloblastosis, hy 
persegmentation of neucrophils) and neurologic (r.,(! .• 

TABLE 29-19. Cobalamin-Drug lnlcractions 

Aminosalicylic acid (PAS) 
Colchicine 
Neomycin 
Guan id in es 
Metformin 
Phenfonnin 
Potassium chloride 
Nitrous oxide 
Fiber 

Decreased absorption 
Malabsorption 
Malabsocption 
Decreased absorption 
Decreased absorption 
Decreased absorption 
Decreased absorption 
Interferes with 8 12 metabolism 
Enhances excretion 

Source: Ellenbogm L, c:ooper BA. Vitamin B,,. In: Maehilin IJ, ed. Han&onlr 
a/Vitamins. 2nded. New Yuti: Man:dDd<ker. 1991. 
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peripheral nerve degeneration) manifestations. The hemato
logic picture is identical in both B1 ~ and folate deficiency due 
to abnonn.al replication of ONA in hematopoieric tissue. 
Especially among the eldedy, neuropsychiatric disorders may 
be the primary or only indication of cobalamin deficiency. u 1 

Numbness, tingling, and weakness of extremities are fre
quent early neurologic symptoms of vitamin B12 deficiency. 
Vision may be impaired. Spinal cord degeneration leads to 
changes in tendon reflexes and difficulty in walking. Cogni
tive dysfunctions indude poor memory, loss of mental alert
ness and confusion, marked personality md mood changes, 
and, in rare inst;mces, delusions and hallucinations may de-
velop. Research is in progress to detennine what, if any, re
lationship exists among serum cobalamin levels, nonnal 
aging, and the occurrence of dementia or Alzheimer's dis
ease. 10.~• Some cognitive and hematopoietic dysfunctions 
found in AIDS patients have been reversed by vitamin B12 

therapy. Elevated serum homocysteine concentrations due to 
vitamin deficiency may play a pan since, in excess, the amino 
acid is both neurotoxic and vasculotoxic.96 

Limited observations suggest that osteoblast activiry 
depends on cobalamin and that bone metabolism is affected 
by cobalamin deficiency. Cobalamin-deficient patients were 
reported to have lower alkaline phosphatase and osteocalcin 
levels than controls. Osteocalcin, a vitamin K-dependent 
bone-specific protein, is synthesized by osteohlasts. lts con
centration in plasma reflects the rate of bone formation. If so, 
not only bone marrow cells but also adjoining skeletal cells 
could be affected in B12 deficiency.n The osteopenia of aging 
may be related to an inadequate supply of vitamin B12•

37 

Pernicious anemia (PA), a common cause of vitamin B 12 

deficiency, primarily affects the elderly. Diagnosis of PA by 
ass~ment of Bu intestinal absocption may be accomplished 
by measuring urinary excretion ofs7Co-labeled vitamin in the 
Schilling test.•2 An oral dose ofs7Co-Bu is administered along 
with a parenteral injection of nonlabeled B12• Labeled 8 12 ab
sorbed in che intestine enters the pool of unlabeled vitamin in 
the plasma, and both forms are excreted in the urine. The per
centage of the oral dose appearing in the urine in 24 hours is 
calculated. Normal 8 12 absocption is indicated when more 

. j than 1 QO;Q of the oral dose is excreted by the patient. Reduced 
excretion of radioactive B 12 is seen in pernicious anemia. If 
repetition of the test with addition of IF results in increased 
radioactivity in the urine, lack of functional IF is confirmed. 
Decreased glomerular filtration, due to either renal disease or 
aging, and improper urine collection invalidate the test results. 
With elderly patients, collection and evaluation of a 48-hour 
urine specimen will improve the accuracy of the test. 

A recent srudy evaluated the effect of light on serum B12 

concentrations (111-812 ng/L). Under typical storage condi
tions en<:ountered in a clinical laboratory, B,2 was not affected 
by light for up to 24 houts aftet collection when stored at 
room temperature (20-25°C). 154 Depending on the assess
ment method employed, serum levels ofB12 range from ap
proximately 200 to 900 pgf mL. 112 B1rdeficient erythropoiesis 
is associated with levels less than 100 pg/mL (74 pmol/L).6(..95 

Serum folare and vitamin B12 levels must be determined in pa
tients with megaloblastic anemia to pinpoint its etiology. 

Vilamins 625 

Large-dose folate therapy may bring about tran~icnt in1pruv.:
ment of megaloblastic anemia associated with B1? <idicic1 ''-"Y. 
but neurologic damage will develop or progress. often im:
versibly. Ir is essential to distinguish the true n.atun· of th<· un
derlying disorder (e.g., folate or B12 deficiency) $0 that appro
priate therapy may be provided as quickly as possible'. 

Some patients with serum 8 12 in the lower portion of the 
reference range may stiU develop PA. 8 12 deficiency may be 
by assessment of serum methylmalonate and homocystcmc 
concentrations (fable 29-20).95

•
96

·
168.245.2«> Elevated levds of 

methylmalonic acid (MMA) and total homocysteine are dc'
tected in over 90% of cases of cobalamin deficiency. Mea
surement of urinary MMA excretion is also diagnostically 
useful. Increase in these metabolites often occurs before any 
other clinical evidence of deficiency is manifested. Serum 
MMA levels >950 nmol/L (110-950 nmol/L) and total 
homocysteine coocentrarions >29 rnicromoles/L {6-29 
micromoles/L) indicate B12 deficiency even in the presence 
of normal hematologic parameters. An a~tomated ~say of 
MMA in serum and urine by derivatization with 1-pyrenyl
diazomethane, liquid chromatography, and fluorescence 
detection has recently been described.233 The risk factor for 
occlusive atherosclerosis is increased by hyperhomocys
teinemia. Improved vitamin B 12 status nonnalizes homocys
teine levels within weeks, thereby reducing t}te patient's risk 
of coronary anery disease. 

Cobalamin detenninations may be by microbiologi.c or ra
dioligand assays. Although a variery of vitamin B1rdependent 
test organisms have been used, including Euglena gracilis, 
Laaobadllus leichmannii '(ATCC 7830) remains the micro
organism of choice.79 Microbiological assay is used as the ref
erence method or in a research setting. In the clinical labora
tory, radioassays are routinely used for determination of 
serum B12 levels. Differential radioassays measure cobalamin 
content more accurately than do microbiologic assays, since 
noncobalamin corrinoids not utilized by humans Will support 
microbial growth.95 Plasma transcobalamins must \>e heat de
natured {boiling) or subjected to alkaline pH inactivation (no
boil) prior to either microbiologic or radioassay of the speci
men to release the cobalarnin for measurement . 

Radioisotope dilution methods are the most widely used 
assays for coba.lamin. These competitive inhibition radio
assays measure the extent to which cobalamin, after being 
freed from b?und materials, competes with radioactive cy
anocohalamin for binding sites on a pr0 tein.66 Radioligand 
assays may be either IUA or CBP procedures. In the case of 
CBP assays, purified IF has been strongly recommended as 
the cobalamin-binding protein. A semiautomated radioas
say system makes possible simultaneous assessments of 
serum B 12 and folate, following off-line denaturation of en
dogenous binding proteins. •5 Purified IF is used as the com
petitive binding protein, with solid-phase adsorbent sepa
rating free and bound 57Co. Recently, it has been reponed 
that no boiling or other pretreatment of patient specimen is 
required when a non-intrinsic factor blocking agent is used 
along with a magnetizable solid-phase separation system. 111 

This assay is highly specific for cobalamin. With elimination 
of a pretreatment requirement, and ease of separation 
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TABLE 29-20. Sequential Stages of Vitamin B-12 Status. Biochemical and Hematological Sequence of E\·cnL'l 
as Nega1ivc Vitamin B-12 Balance Progresses. I© 1990, 1993 Viclor Hci-bert (Modified 1993 to Indude · 
Homocystcinc ). J . 

NEW.Tl\IE EW.AHCE 
._ POSITNe 8Al.NICI! NOAlolAL llEl'lETION DEFICIENCY 

STACE II 

Eiccess· STAaEI 
Eally IJTMll!I 

I 
Nonna! ......... ....... "' Poslllve e .. E.aitr ~ - z ~ .. ..::::"a: ....~ L.-812 

I : n --TCll 8 RBC.WDCBa 

HoloTC lJ (pg/ml) >100 >100 >50 @D <40 <40 <40 
(in equilibrium with TCll receptors [on DNA-synthesizing cells]) 

TCII% sat. >5% >5% >5% 1<4% I <4% <4% <4% 
(Caution: Apo TCII is an acute phase reactant) 

Holohap (pg/ml)¥ >500 >400 >180 >180 l <150 1¥ <100 <100 
(in equilibrium with haptocorrin receptors {on B1rstorage cells]) 

dU Suppression Normal Normal Normal Nonna! Normal Abnormal Abnormal 
Hypersegmentation No No No No No Yes Yes 
TBBCt %sat. >50% >40 >15% >15% >15% <15% <10% 
Hap% sat. >5!>% >40 >20% >20% >20% <20% <10% 
RBC Folatc (ng/mL) >160 >160 >160 >160 >160 <140 <100 
RBC Cobalarnin (ng/ml) <800 <600 300-800 <300 <200 <150 <100 
Homocystiene t No No No No No Yes No 

Erythrocytes Normal Normal Normal Normal Normal Normal Macroovalocytic 
MCV Normal Normal Noi-mal Normal Normal Normal Elevated 
Hemoglobin Normal Normal Normal Normal Nonnal Normal Low 
TCII Normal Normal Normal Normal Normal Elevated Elevated 
Homocysteine and/or 
M~thylmalonate t * No No No No No ? Yes 

Myelin Damage No• No No No No ? Frequent 

Holo TC II cell receptors Normal Normal Normal Up-regulated? ., Down-regulated? I Elevated in plasma 

*C7cm"""6alamin aces>a (injeded or intranasal) fm><lua transienl me in 8 11 a~ on B,. delivery fmJkin (TC II); 1M signijieana of sucA rises is uninown (Herll.m 
d al., 1987). OJaJWCQ(,alamin acls as an anli-B,. in a ran amgmatal def«t in Bu mdabolism. 

'#In saum and urine. 

t TBBC = Total 8 12 binding capacitJ. 
\ ¥ lA1» hclolra/Jtaamin cumilaus with liver aU 8,, depldUm. Therr mtlJ be hemalopoUtic rel/. and glial rel/. B,, depletWn flrior lo liver cell depleUon, and those a/l.J may be in 
j STA.CE m,,,. W ~ 8 12 bakzna whiJ.< liver alh ""' slill in STAGE ll. 

achieved in a magnetic radioassay, a fully automated con
tinuous-flow procedure cap. be realized. Assay automation 
ofB12 on the Abbott IM. provides rapid results in a nonra
dioisotopic fonnat_ 129 B 12 deficiency can be detected and 
quantitated by measuring methylmalonic acid in urine or 
assessing its serum level using capillary gas chromatogra
phy/ mass spectrometry.245.246 

SUMMARY 

The Joint Commission on Accreditation of Healthcare 
Organizations OCAHO) is mandating more stringent nutri
tional revie"". of all patients. There can be no doubt that this 
wilJ impact the clinical laboraton'. The clinical laboratorian 
will be requirecf to know more about vitamins, their bio
chemical functions and physiologic roles, and the best assay 
methodologies to use to provide the clinician with timely 
information on the patieµt's nutritional status. There are 

financial implications to optimizing a patient's nutritional 
status, thereby hastening the desired medical outcomes and 
reducing the patient's length of stay in the hospital. 

The general public is also increasingly concerned with 
health promotion and disease prevention. Supplement.ii 
use of vitamins to increase longevity and improve the qual
ity of life is regularly advocated in the media. Vitamin sales 
is a multi-billion-dollar commercial enterprise in this coun
try. While there is strong support for the beneficial effects 
of vitamins in the prevention of certain cancers and cardio
vascular disease. there is also concern over the possibility of 
toxicity from overly aggressive vitamin supplementation.:!<•.• 

Historically, medicine has focused more attention on 
conditions of vitamin deficiency than excess. Despite tht" 
high standard of living in this country, significant number; 
of individuals are characterized by an overall vitamin statm 
that is suboptimal or overtly deficient. Nutritional requirt:
rrients in special physiological states such as growth, preg-
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.. 
nancy and lactation, and aging may not be met by dietary 
consumption. For example, age-related changes in vitamin 
status due to altered dietary practices, physiologic changes, 
and drug-nutrient interaction contribute to the risk for de
ficiency of one or more vitamins among the 32 million 
Americans who are over 65 years of age. 

Vitamins 627 

Biochemical determinations of vitamin status and the 
monitoring cif nutritional support will increase in the yc-:1rs 
ahead. In the future, vitamin assays will not be view,·d as 
esoteric reference laboratory procedures; rather they will he 
acknowledged as essential for the promotion of wdlncs' .1 nd 
for the cost-effective provision of quality health care. 

Sandoz Inc. 
Exhibit 1002-00607 

Teva 
Exhibit 1002-00607

Teva – Fresenius 
Exhibit 1002-00607



Sandoz Inc. 
Exhibit 1002-00608 

Teva 
Exhibit 1002-00608

Teva – Fresenius 
Exhibit 1002-00608



08 
EDITION flVfEl.LiGE:MCE CE , .. 

BUSfLAw UBPtA~~i::R 

l998 

REFERENCE® 
' - , ' , ' , 

· .· · ·M~di~a1 consu1fanf . 
,_ ~Maid Arky, MD, Charles S. Davidson Professor of Medicine and Master,· Francis Weld Peabody Society, Harvard Medical School 
,'_-,,"'J' ',,y ' , 

· :.: \/IC~ !@slclent of Directory Services: Stephen 8. Greenberg 

· >~(cilt'ucuvlanager: Ma~k A. Friedman , 
'N~i§~ai Sales Manager: Dikra.n N: .Barsamian . 

' 19.i:i~t/lccounf Manager, Customized Pr,ojects: Anthony Sorce 
'.·~C,C~tint Ma!'ager: Donald V. Bruccoleri 

fill an agers: 
. ray; RPh 

ayttenc~ c. Keary 
,J,otJI.. . 

Vice President of Production: David A. Pitier 
Director of P~int Purchasing: Marjorie A. Duffy 
Director of Database Services: Lynne Handler 
Director of Proi:luction: Carrie Williams 
Ma11ager of Production: Kimberly.Hiller-Vivas 
s~nlor Produ~ticin Coor<!lnatcirs: Amy B. Brool<s, Dawn E). McCall 
PrOlluCtion ·Coordinator: Mary Ellen R. Breun 

: , :• . tyi:·:sni/erberg 
:.•:·. • .. E:Yarrow · 

• ·~ .;'.d?!r~9to.r,of fra!le and Direct Marketing Sales: Robin B. Ba1tlett 
:· ""':lOhafS~les.Manager; Trade Group: Bill Gaffney 

i!i~l~ti7M~nager: Donna R.1..yrln 

Index/Format Manager: Jeffrey D. Schciefer 
senl~r Format. Editor: Gr~gory,J. Westley 

Assistant Index .Editor: Johanna M. Mazur 
Art Associate: Joan it Akerlind 
Electronic Publishing coordinator: Joanne rvi. Pear~on 
s~niorDigital Imaging Coordinator: Shawn· w. Caliiii 
Digital Imaging Coordinator: Frank J. McElroy, Ill 

: ... · .ct~/.Profe'sslonal Support Services: Mukesh Mehta, RPh 
~~!'ll:l.(D~g).!'f!;!~n1ation Specialist: Thomas Fleming, RPh . 

· ~· ~.I'll~ h1t;rmation Specialist: Mada Deutsch, MS, RPl1. CDE y ~~i~~r;;special Projects: David w. Sitton 

Electronic Publish Ing Designer: Robe rl K. Grossman , . .. '.; . , . 
Fulfillment Managers: Stephanie DeNardi, S\ephM Sct.1weikJ:iart:, ;,c\ , 

·Copyright <D 1998 and pul:>\lshed i)y Medical Eco11omics Company, Inc. at Montvale, NJ 07645-1742. All 
•ii?a!fon may be reproduced. stored 111 a 1etneval system, resold. 1edlstnbuted. or transmitted in any forrn 

· 
0
. · ·: .. : ~ocopying, recording, or otherwise) w1tl1out the prior wnlten permission of tile publisl1er. PH'1SICIANS' GESKPFF•t=R1,Krc'~® PIJ!K®. PW•r< r.< 
ru~~. PDR ,For. Opl1<halniology®, Pocket PDR®. ancl Tlie PDR<!'> Farnlly Guide to Presc11puon Drugs® 

.. G\if!11\a.111or.:G.uide"'. PDRfID GW'3tics'"· PDR® Medical Dictio1iary'"'. POR<D N11rse's HencJl;o;:;l<1••1, PDR® 
... 1-l<;alth and Prescription Q(ugs,™, The PDR@ Family Guld<3 to Nutnt•on and He01t11n.1• Tl1e PDR® 
-~l~rarym, and PDR® Drug tnteractior\s1, Side Effects, lrn .. Ec\:tlVJns, Co'nh'Blnd1cat1,1.n;s Gt·3k·~lr2s-1-~ 

E{;onomics Compzmy: Prcs,1de:nt and Chief E\c(·uf1\& Olf1cr: 1 Ct;rns ,B~ 
Ctlief lnf'onnatton Office1: Steven fv1 Bres3ler, Vice Pn..s1denr. ! '1run(.,e. and C'f?'oi 

OtficGr: Rich Noble; Et.t<'Uitto t11ce Pro::;,Jer11, f r·c·;, 

Sandoz Inc. 
Exhibit 1002-00609 

Teva 
Exhibit 1002-00609

Teva – Fresenius 
Exhibit 1002-00609



wing te:i.:t is'complete prescribing informal ion based 
al-labeling, in, effect June 1997. · 

WARNIMG 
recominended that FLUOROURACIL be given only 
!'\rider the sup\lrvisicm' of a qualified physician who 

. in cancer chemotherapy and who is 'well 
use of potent antifuetabo1ites: Becaus~ of 
:y of·severe ioYJc feactionS,,it is recom~ 

that patients be hospitalized' atleast dming the 
·course of therapy. 

. CIL INJECTION, an antineop)astic antiine
, a sterile; nonpyrogenic injectable solution for in
administration. Each• 10-mL contnins 500 mg flu
pH is acljusted tq approximately 9.2 with sqcjiµm 

, Y, , fiuoro~racil, ~ flu~ri~ated , ~y;.i~idi_ne, _ is 
,4 (lH,3H )-pyiimidinedione. It is a white t 0 prac
. te crystalline powder which is sparingly soluble 

~ molecular weight offluorouiai:ff is 130.08. 

PHARMACOLOGY 
'yid~nce that the metabolism of fluorouracil in the 
patliway blocks, tlie mei.hylatiori reaction of deox· 
acid to, thynlidylii: !icid. In this manner, lluoroU'ra, 
" · , witll 'the synthesis of deoxypbomicleic 'acid 

tci a lesser extent liihibitlj the formation of ribq, 
(RNA). Since DNA arid RNA are essential for 
:mci grciwt.h, the effect of fluorouracil may be to 

:Ymine deficiency which provokes unbalanced 
death of the cell. The effects of DNA and RNA 

.. are most ri:uirked' cin Fli~se cells which· ITT-ii~v 
lY and which take up fluorcuracil !'t a ~ore rapid 

'intravenous injection, Jfoorouracil distributes 
rs; intestinru mucosa, bon:e martow, liver a~d 

throughout the body. In, spite ofits liihited 
y, fluorouracil diffuses readily across the blood'. 

and distributes into cerelirospinal fl~id •'ru:id 

t to 20% of.the parent drug is exci·eted un
e Ul'ine in 6 hours; of this over 90% is excreted 
ur. The remaining percentage of the· admin-

is, metabo!ized, primarily in,the liver. •The .c!'t
of fluorouracil results· in degradation 

CO., urea and <¥·fluoro·i3·alanine) which .are 
inactive metabolites are excreted in the.mine 

ext 3 to 4 hours. When.fluorouracil is.labeled.in 
bon position, thus preventing,the 14C metabolism 
proximately 90% of the total radjo,activity is ex· 

urine. When fluorouracil is labeled in the two 
ri app1'm!imately 90% ofi.J1e, tothl radioactivity 
expfred co .. Ninety percent of the dose is ac· 
ing t!1• first 24 ho'urs ~ollowing intr~vei;i~u8 

tr~venous administt:atioil of fl~otom!)cil, ·the 
e. of elimination from pfasma is approXimately 

' with a range of 8 to 20 minutes; and 'is dose 
No ID.tact drug cari be detected in: .the pfasma 3 
an intravenous injection. ' ' 

il is effectiye in· the palliative management of 
of the colon, rectum, breast, stomach and pan-

ICATIONS . 
· therap~ iS contrallidicated foi· patients in a 

'al state, 'those with depressed bone mair°'v 
. with potentially se1ious infections or those 

n hypersen~itivity to Fluorouracil. 

GS 
LY DOSE OF FLUOROURACIL IS NOT TO EX-
0 MG. IT IS RECOMMENDED THAT PATIENTS 
ITALIZED DURING THEIR FIRST COURSE OF 
EN~ ' 

should be used with extreme caution in poor 
with a history of high~dose pelvic irradiation 

f alkylating ngentst those who have a wide
ofbone marrow by metastatic: tumors or 

ed hepatfo ltr l'Bnfil f1.U1ction. 
i. Revere toxicity fog, stomatitis1 diaIThea, 
n.euroioxicity} assocfaled with 5·FU has 
d(;'.ficiency uf <lipyrimidine dehydrogenase 

r.,;r ptitic!nt3 }w.,-o been rechdh:ngeJ ~·Hb 5·Pll 
-.FU du2t~ r.::curr~d tmd 1m>~ 

tlu::.; eatabollc G>n· 

Pregnancy: Teratogenic Effects: Pregnancy Category D. 
Fiuorouracil may cau.se foial harm when administered to a 
pregnant woman'. Fluorow·acil has been shown to be terato
genic in laboratmy animals. Fluorouracil exhlbited maxi
mum b:rntogenicity w hc-tn given to mice as single intraperJ~ 
toneal, injectiona of 10 to 40 mg/kg on day 10 or 12 of gesla· 
tion. Sintllarly, intraperitoneal doses of 12 to 37 mg/kg given 
to rats betwee11 days,9 and 12 of gest<ition and ini~amuscu
lar doses of 3 to 9 mg given to hamsters .b.etween days 8 and 
11 of gestation were, teratogeiiic. Malformations included 
cleft palat,es, skeletal defects,,,ail;d. deformed.appendages, 
paws and tails. The dosages whic4.w,ere teratogenic in ani
mals are 1 to 3 times the maximum rec,ammended human 
therapeutic· dose. In monkeys; divided .doses Of 40 mg/kg 
given between days 20 and 24 of gestation were not terato-
genic.,, , _ _ 
There are no adequate and well-controlled studies with Flu
orournc1l in pregnant women, While there is no evidence of 
teratogenicity in,hul]lans ciue, 'oo'.F1\lor9uracil, it, ;4ould,be 
kept iµ mjn.d that other dnigs;wltlch, in!tlbit Dij'A s:inthesis 
(eg, methotrexat~'and ami11opterinl.hai!\ been repofted to 
be terat?g!'nic ,in h!'inans. Wome.n of, cltlldb,earing potential 
should be advised t9 avoid bec0xrupg pregnant. If the dnig is 
used dill'ing pregnancy, or if the patient becomes pi·egnant 
while taking the <hug, the patieiit should be told of the po
tential hazard to the fetus. Fluorouracil should be used dur
ing pregnancy only if the potential benefit justifies the po-
tential risk· to the fetus. ' ' · 
Combi,nation Therapy: Any form of therapy which adds to 
the stress of the patient, interferes with nutrition or. de
presses, bone man-ow function will iµcrea~e. the,. toxicity of 
Fluorouracil. , "' . ' : , 
Rarely, unexpected, severe toxicity {eg, stcmatitis, diarrhea, · 
neutropenia and nemotoxicity) associated with 5-FU has 
been attributed to deficiency of dipyrlinidirie dehydrogenase 
activity.1 A few patients have been rechallenged with 5-FU 
and despite 5-FU dose lowering, toxicity recurred and pro· 
gressed with wo1·se morbidity. Absence ~f.t.Jris catabolic en
,ZJlll~ 11ppears ~ result in prolonged clearance of 5-FU. 

PRECAUTIONS · 
Genefal: Fluorouracil i~ a highly toxici drµg With a narrow 
margrn of safety. Therefora,'patiants sJionJd be carefully SU; 

pervised, sfute' therapeutic response is ·un)ikeiy 'to occtir 
without spme evidepce of toxicity. Severe h~maJ~l~gical tox
icity, gastrointestinal hemorrhage and even death 'inay re
'sult from the use of Fluorouracil despite 'meii~ulotis selec
tion of patients and careful adjnstment of dosage. Although 
severe toxicity is more likely in poor risk patients, fatalities 
may be encountered occasionally even in patients 'il:Frela· 
tiv~ly, goo cl co.ndition... , , , . ·'' : , 
Therapy is to be discontinued promptly whenever-oue of the 
following sigils of tozj~itY appears: . . . . - . __ · . 
Sto.matitis ~r esophagopharyngitis, at tjie first visMe. sign. 
Leukope'!ia (WBC under. 3500) or a rapidly falling .ivhite 
Jilood count, , ' 
Voxruting, intractable. , . 
Dian:hea, frequent bowel movements or watery stools., , 
Gastrointestinal ulceratiou and bleeding, 
ThrombocytOpenia (plaU)lets under io0,000). 
Hemorrhage from any; site. , , ·. - , 
The administration of 5·fluorouracil has been. associated 
yrith the ~ccurrence. of palP,ar:pfantar, ,erytbroJly;spsthesia 
syndrome, afsci known ps hand-foot syndrome. This ,syii
drome has ~een charac,terized as a fingling s~n~ati~n ~f 
hands arid feet which maY progi·ess· wedhe next'few ,days 
to pain when holding objects 01·- wa1Jcing. The pafins -and 
soles become SyJnmetrically swollen and e1-ythematous with 
tenderness of the distal phalanges, possibly'accompanied by 
desquamation, InteIT)'\ption of therapy is fol.lo("~d by grad-

, ual' resolution' over 5 to 7 days. Although py):idoxirie.'has 
been reported to ameliorate the palmar:p}antar erythrodys
est,hesla, .syndrome, its safety and ~ffectiveness' nave'not 
been 'estanlished: · · , , ' ' 
Information 'for Patients: Patients should. be· informed of 
expec\ed toxic eirects,,particul"J'o/ oral mrutlfestations .. Pa' 
tientS ·should be:alerted·to the possibility 'of alopecia as a 
result of therapy and should be informed that it is usually a 
transient effect. 
Laboratory.Te,sts:. White blood counts with differential are 
reco!Jlmended- before each dose:· 
Diug Iniemctfon"s: Leucovorin calcium may enhance the 
toxicity'of fiuorouracil 
Al~o see WARNINGS section. 
Carchiogc?iesis, l'rllltagenesis, Impairment pf Fertility: Car· 
cfoogenesii: Long·t~rm stµdies in animals to evaluate the 
ca~·cinogenic pot~utial of :fluorouracil have not been con
ducted. HoWev'ei; there v;as no 'evidence of carcinogenicity 
in small grou1i> ot' rats given Jluorouradl orally at doses of 
(J 01 , 0.8, 1 or 3 mg per' rat 5 days per week for 52 weekz, 
fo11owed by a 6-mond1 ubservation period. AJso, in other 
studies, 33 mg/kg of fiourorn·ncil was administered inLravt?· 
noush io ma1e nits once a ~e(;k for- 52 ;,;reeks follow·~d t,y 
obsei~.:1tion for th&. r~mainder oftlwir 1ifetimes with no Fl· 

idenu_. of ...:ardnvge-nidLy f'c-rna1e- mite ;~:err: given t ot 
ilucuouraciJ inlr<n-"~t;'Jusly oncz1 :1 ,;;,rd~ ft.tr 10 ~,c£:hs no 
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effect on tbe incidence of lung a<lenom.as On th12 basis of the 
available data, no evaluation i.:an bt;i ma<.le of the cnrcit11'.l· 
genie nsk of fiuorouracH to human.s 
Jlifutagenesis: Oncogenic tra'nsfOnuatfon of Iibl'oblastR frmn 
mouse embryo has been jnduced in vitro bv l!uorouracil, but 
the relationship between oncogertlcity and mutagehirity is 
not clear.' Fluorouracil has heen shown to be mutagenic to 
several strains. of Salmonella typhimurium, including TA 
1535, TA 1537 and TA 1538, and to Saccharomyces cerevis
iae, although no evidence of mutagenicity was found with 
Salmonella typhimurium strains TA 92, TA 98 and TA 100. 
ln addition, a positive.effect.was observed'in the micronu
cleus testim bone mm·row cells oftne mouse, and fluoroura
cil at veiy high concentrations' produced ~hromosomai 
breaks in hruru.ter fiJ>ro~lasts \n vjtr\>. · , 
bnpamnent.ofFertility: F!uorouracil.h.as n?t been ade
quately studied iii animals to permit an evaluation of its ef
fe~ts 011- fertility and gen~ral ~~p~oductiy~ perforll'!ah~e. 
However, doses of 125 9r 250 mg/kg, adntlnistered intrnper
itoneally, have been ~)lawn.to inducechron:10somal a)lerra
tion5 and change~ in $om,osomal organization of sper
matogonia in i·ats. Spermatogonial differentiation was alSo 
inhibited by flnorouracil, resulting in transient infertility. 
However, in s~di~s with a strain of moiise which is sensi
tive to the indl,lction of sperm head abnormalities after 'ex
posure to. a range of chemical mutagens and carcinogens, 
fluorouracil did not produce any abnormalities at oral.doses 
of up to 80 mg/kg/day. In female rats, fiuorouracil, adminis
tered intraperitoneally at ·weekly doses of 25 or 50 nig/kg for 
3 weeks during the pre-ovulatory phases ·of .Qogeriesis,. sig' 
ni:ficantly i;<\duced th~ incidence of fertile matings, d~layed 
the development of pre- and'post-impl8.ntation embzyos, in
creased the incidence ofpie-i;,;pia:.',tatlon lethalitY and in· 
duced chromosomal anomalies in these embryo~. In 11 lim
ited study in r~bbits; a single 25.ingtkg dose offl~orouracil 
or 5 daily·dos0s of5 mg/lig,had:no·effect on ovulation, ap· 
peared not to.affect implantation,aµd had only a lixruted ef
fect in producing zygote destruction. Compounds· such as 
fluoromacil, which interfere with DNA,· RNA and protein 
synthesis, xrught be_eipected to have·adverse effects on 
gametogenesis." · · " · ' · · 
Pregnancy: Pregnancy Categocy D; See, WARNINGS sec-
tion. < ' , 

1 - , 1' ' ' , 

Nonteratogenic Effects: Flilorouraciihas not been stUdied 
in aruma'Is for its,' effects on perl- and postn~tal 'develop
ment. :Howevh; ,t1n,~~oliracil ha~ h~en sho$ to cros~ tp.e 
pla~enfu j<m,d e?ter.ffi,to fe~ .. 9,rci,ilatlan in the ~at. ¥;ffin
istration of fluorq)'\facil has resulted in increase~ r~saw· 
ti on~. aµd. emJ>ryole~hality in, rats, Jn. monk,eys, materpal 
doses higher than 40.l]lgtkg,resultedin abortiQn of.all em· 
bryos exposed 'to .. fluorouracil. , Compounds which inhibit 
DNA, RNA and protein synthesis might be expected to have 
adverse effects on·peri- and postnatal development. 
Nursing Mothers: It is not known whether fluorouracil ls 
exci·eted in hillnan milk. Because fluorouracil inhibits DNA, 
RNA and·prctein'.synthesis;mothers shonld not nurse while 
receiving this ch'ug. ' · · · " ·: 
Pediiitric' Use:' Safety and effectiveness in children have 
not b~im.~stablishe.<;1:, . . . .·. . , ' 

ADVERSE REACTIONS ' 
Stomatitis and esophagopharyngitis (which may ,lead to 
s~OUghing ~d ul~eCatiOn): lµarrht:R, , Bforexia, niiu~ea >and 
emesis are cqnimoruy. s~en during therapy. , · . , " · 
I;eUkoperiia usuaJly follows every comse· of adequate ther· 
apy with Fluorouracil. The lowest white blood cell counts 
roie"corilinoruy ob~eried b~twe~n the.9ti1 and.14th flays after 
the first 'course" or'treatrilent; although ~uncil1fun'orily the 
m'aximnl depression ;,,ay ~e delnyed,f~(~J9.ng :\l~)O days. 
By the. 30t\i d,aY. the co\l]lt has 1'•ual]y .returhed to tl1e nor-
mal range. , 
Alopecia and dermatitis may b~ seen. ln"!l' substantiul ':mim
ber of cases. The dermatitis. most,.ott,,n:se.en is a pruritic 
maculopapular rash usually; appearing oa•· the extremities 
and less frequently on the tn\lllt .. It-is "g~11erally reversible 
and usually responsive to syri:tptciriiatic ti..iatmenL 
Other adverse reactioi1s' aw:'. : · ·. ~;. 
Hematologic:· · 1><incyto~11ia, thromb.ocytopenia, ogranulo-
cytosis, aneIDia. , , · . · - , 
Cardiova8culdr: myocardiafischemia, angina. 
Gaslrohltestinal: ga'strOintestinal ulceratiOn and bleeding. 
.Allergic Reaction's: , U1l8.phy,lo~xis alld- deoeralizecl allergic 
reactions. ' -
Neuroiogic: acute cereb,ellat syndrt,rnQ (which 111uy persist 
following discontinuance of treatruentl, nyslagmus, head· 
ache. 
D1:ruwwlogic: dry .:;kin; fi::;suring; photosen::Hivity. cw 
mt't!•ifoEt.(;:d li,Y er,.. thema 01' liJ<Tt~a~ed pigmt'.nl£1iinn of 1Jw 
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~km; vdn {J1g:~ur:'.n1HliflJ1_ pnlm~1t-pbntJ1 ;:>fh1?.,J;1 
:1::0 Innnif0r,tc·d hy tingling nf th(> an<) fe'?t 
pnin. eryfh(Jt1F1 ·uvi ~vi..~I!ing 

fo~rirm,l dud sterm~:is, vbunl dwng.::-s, I~1cri
n1~tfon. !)htJtophobia. 
Pi>vt:hiatri(': di,<;ortrntstion, confusion, (·uphoriD. 
~fi(•cr:llam:ons: , thrumboph\ebl1..\:-i. epistaxis. nail d1m1g€s 
Jnchtding Joss of nails 1, 

OVERDOSAGE 
The' pos'sibility of overdosage with Fh1010u!'acil fa unlikely 
in V!ew of the mOde 'of itdministfotiori. N eve1-theless, the an
ticipated inanifeStntions would be nlll.1S-ea, vomiting, d.iarM 
rhea, gastroi.J_1testinal ~lceralio~-and bleeding, lxme maITOW 
depressfoll,, (foduding tlirombocytopenia; leiikopellia'. ancl 
agranidocyt;is\s). 'No''spe,cific !\ntidot~l· the1·ayy exis~. Pa
tients who have been exposed,to ,an overdose of Fluorouracil 
shOuld be nionitored bemat;ilogi~ally for at least fo11r weeks. 
Should abnormalities, app'ear, 'appropriate 'therapy should 
be,\\lilized.' . : ' , , . · .. · 
The acute intravenous toticitY. of fluorouracil is as fol!o'ws: 

Species 
Mouse 
Rat 
Rabbit 
Dog 

, , .:CP'oo , , 
(mg/kg:!:S.E.l 

•340 :!:'17 
165 :!:26 

' ., ~7 •£5:1' 
31.5 :!:3.8 

DOSAGE :AND'ADMINISTRATION:, . 
G~ncral instrilctio:;s;' 'Fltiorour~cfr Ii1Jedion should be ad
miiµster~(onl}r ih~B.vB'IlO!lsiY, .~S,ing, C#e',to, nvoif extraVa
satiori. No dih\tion is re,quired: '. ,. ' ' · 
All dosages areMsed mi the patient's actu.al weight. ,How
ever,' the estimated leii:n'boay mass (dry weight) i~ used if 
the patient is obese or if tlie1·e' has'b~en' a spurious weight 
gain ,due 'to edema, .:Scites 01; other forms of abnormal fluid 
reteb.tion: '_ !'_,_ "1 , _ , , , _ 

It, is. ·recommended that ,pi;ior.to'lreatnient,each ·patient be 
carefully ev~luated in ~.or~~r.' tq ~es,timate a~, aceurately as 
possible the optimnm initiaJ·aos~ge,~f,Fluoroura,cil 
Dqsage: ·" ·1~ mg/kg a,re give):\,\htravel).,ou,sly, once. dailY, for 4 
successive days. The daily dose sliould not exceed 800 mg. If 
no toxicity is observed, '· ru.-e,giveri,on,the,6th, 8th1 
'ioth illa J2tli' days · · 'ity)>c~u~s. No therapy is 
given ?11, t~e 5~; 1th;, . . , 11~ d,!\Y's. T,he~apy is 1.0, be dis
continued ctt tlie' end of'the.12th llay, even if no to.ncity has 
become apparel.I: (See'•WAflNINGS and PRECAUT!O:NS 
sections:) '-, ' ''. ', ,_, ,<,·'r~', - ·~ ~ -, 

Poor'riBk patieatS<or thoi;il'.\vho are 'n~< in an ad~quate nu
tritional state (see CONTRAINDICATIONS and WARN
INGS sections) should' receive's,iµg/kg'/day. for 3 daysdf rw 
toxicity is observed; 3 ·mg/kg ·may, b~ gi;:ell Oll the 5th; 7th 
and 9th' da'ys unlef!S',toxicity o,~~~rs: NQ ~Jieriipy is given on 
the 4th, 6th or 8th days. The daily ,dose sh9uld not exceed 
400 mg., ' " , ", , i , , , ",,· . 
A sequence' of injections on either ~cbedule eonstitutes a 
"course' of therapy." ,' ,- , ·-' -, , 
Maintenance Therapy: In instances where toxitjty,has not 
beell a problem, it is reconiniended thfl~ !herapy,be contiµ; 
i1ed usillg either of the following sch,ef!Ules:,' ·, 
1. Repeat dosage offlrst com·se.evety·so day~ afte.r the last 

day.of the p~evi~us,cQtu'Se o,f,U:eani;wnt,,· ,, , , ,' 
2. Wh~ll \oxk signs resulting f:(oip tl,le ¥-tial ~ourse, ofthe~

apy have 'subsid'\d, ad:miJ:iister a m!l,'llteµruise dosage ,of 
10 to 15 mg/kg/Week as" a single 'dose: po riot excee'd 1 gm 
per week.' , . " ' ' ' ' ' '' ',, ',', ' ' 

The patient's reaction to the previ~!'s riours~ iif ther~py 
shbuld be tikeri mto acco\in.t'ill determhliiig the'a!hotirit of 
the drtig to' be wied, and the dosa~e 'sh\:mld ,J:ie adjusted ac' 
, cordblgly. Sonie patients liave"rec'eived f~o.iri 9'ffi 45;coi;ll'ii~s 
of treatment during periods which railged,'from 12 to ,60 
months. , , ' ' " 
Procedures for proper handling and disposal of anticancer 
drugs should be considered. Several gnidelines on this' sub
ject have beell published.2'7 There is no general ,agreement 
that sll of the proce,dl!l-es recommended in the guidelines 
are necessary or approp1iate. ' ' 
Note: Parenteral drug products should be .inspected vi~u
ally for particulate matter and discoloration prior to admin
istratio'n, wheneVer so'Ihtion and contahie:t' _permit. Al
though the Flnorouracil solutioll Iµay discolor slightly.dur
ing storage, the potency and, safety are not adversely 
affected. If a p1'ecipitate occurs due to exposm·e to low tem
peratures, resolubilize by healing to 140"F ai1d shakillg vig· 
orously; allow to cool to body temperature before using. 

HOW SUPPLIED 
For intravenous use-10-mL single-use vials, boYes of 10 
tNDC 0004-19i7-01). Each 10 mL cQntains 500 mg f!uoro· 
uracil in' a coioriess to faint yellOw aqueous solution, Y'llth 
pH adjusted to approximately 9'.~ with sodium hydroxide. 
Store nt. 1·ooru temperature (59° to SW·F; 15° to 30°C). Pro~ 
tcct: Imm hght. 

1. I-forrn· CE.. (;:::,rpc?it\.-...e JT. Dt::-,-::;j._) HD: :31::•.:~n.: 5·F1110roura
c1l TU:.!Ci~) s~!.:".Jtll;il!) ii) fhl'yd.'i)tJ:Tim:dl:i'~' Ik-:i;:<l;\J,"!0 
Hrti:.0 Defid2nc:/. A poter1ti.:dly more cc,111,r.1m plwnar.eog0-
ned.~ ,:,yndror::1e Cmicc,.: August C 19111: fl3· 19J-1Q1, 

2. Ret:onunend~ri.ion.s for the safo harn:1Hc~ (Jf parentE>tal fln· 
tineoplrslic drugs-, \Vnshi11g1on, DC, U.S. Governrnent
Pi'inting Offico (NIH Publfoo.tiou No. 83-262U. 

3. AfvlA Council Report. Guide Jines for handling parenLernl 
anlineoplasLic>. JMtA )\far 15, 1985; 253:1590-1592. 

·!. NHtionaI Study Corilmission on Cytotoxic Exposure: Rec· 
ommendations 'for handl\ng cytQtoxlc agents. Available 
from Louis ,P.,Jeffre.v, ScD; Director .o,f Pharn)acy Servkes, 
Rhode .Island· Hospital, 593 Eddy Street, Providence, 
Rhode ISiand 02902. 

5. Cli:nical Oncological Society, of Australia: Guidelines and 
recoinmendaLions for safe' handHiig of antineoplastic 
ag~nts. Med J Aust. Apt"30, 1983; 1:426-428. '· · 

6. ,Jdnes''RB, Fi'ank·R.Mass ,T: Safe handling of chemother
,,, ap~utic agents: a report fr~ni 'the, Mo~t Siri.ru Me(Jical 

Center: CA: Sept-Oct 1983;' 33:25&:-263. . 
'l. AsHP technical assistance bnl!etin Oll' halld!ing cytotoxic 

drugs ill hospitals. Am J Hosp Phann. Jan 1985; 42:131-
"137'.-" ' ' 
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STERILE 
FUDR 
[ef-u:dee-are J 
brand of floxuridine 

The following text is complete prescribing information based 
on o{ffofol labeling in effect' Jrme 1997. 

WARNING 
It is recommended that FUDR be givell only by or under 
the supervisioll of a ctualified physician· wlio .is e>.-peri-' 
enced ill cancer chemotherapy and intra-arteiial drug 

, therapy and'.'is well' vers,ed in 'tho us,e of po\en~ 
ahfunetabolites. , · · · · • , 

: BeCii'!se, of th~, poasi~ility, of ~evere, toxic re~ction~; all' 
patients' shonld be hospitalized for i:nitiatioll of the first 
'course ~f therapy; , · ' · , 

DESCRIPTION 
Sterile FUDR (ftoxuridine), an antineopl~stic antimetabo
lite, is available as a ~terile; llonpyrogenic, lyophiliz'ed pow
der for reconstitutioll. Each vial contains 500 mg offloxuri
dine which is to be reconstituted with 5 ,inL of sterile w'ater 
for htjection. An approp1iate amount' of reconstituted· so1n
t\on is then diluted with a parenteral solution' for intra
ro1:erial infusioll (see DOSAGE AND ADMINISTRATfON 
section). 
Floxuridine is a fluorinated pyrimidine. Chemically, floxuri
dine is 2'-deoxy-5-fluoiouridine 'with, an empirical formula 
of C9H11FN20 5• It is a white to off-white odorless solid 
which is freely so!Ubie'in water. , · 
The 2% aqueous'solutioll has a pH ofbetweim 4.0 to 5.5. The 
molecnlar weight offtoxuridille is 246.19. 

CLINICAL pJiARMAcoLOGY · 
wb~11 FuDR is givei.. by ~apid i:ntra:arterial hijectlon it is 
apparently rapidly catabolized to 5-f!uorouracil. Thus, rapid 
injection of FUDR produces the same toxic and antimeta
bolic effects as does 5-ftuorouraciI: Tbe primary effect is to 
interfei·e with the synthesis of deoxyribollucleic acid (DNA) 
and to, a lesser extent inhibit the formation of ribonucleic 
,acld{RNA). How:ever,, when FUDR is given by continuous 
intra-arterial infusion its direct anabolism to FUDR-mono
pho,sphate is, enhanced, thus increasing the inhibition of 
DNA.·,' . , . ,, , • . 
Floxuridine is metabolized ill the liver. The drug is excreted 
illtaet aad .as urea, fluorouracil, cr-tluoro-fl-ureidopropiollic 
acid, dihydrof!uorouracil, a-f!uoro-[>-guanidopropionic acid 
and ~-ftnoro-f)-alani:ne in the urine; it is al~o e>.llired as res
piratory carbon dioxide. Pharmacokilletic data on intra
arterial ,in.fusion,of FUDR are not available. 

INDICATIONS AND USAGE 
FUDR is effective in the palliative managemellt of gastroin
testi:nal ade'nocarcmoma' metastatic to the liver, when given 
by contilluous· regional"intra:arteiial infusion in carefully 
selecte(l patielltS who·are 'cdnsidered incurable by surgery 
or other means., Patients with known diBease extending be
yond an a'rea capable' of irirusion Via a single artery should, 
except in willsuaf dfcuinsLanCes, be considered for systemic 
therapy with other 'Chem?theritpeutic agents. 

CONTRAINDICATIONS 
FUDR thBrapy is contraindicated for patients in a poor nu
tritionRl stE.te, those with depressed bone- mm'l·ow function 
ur those i-\ith poteEtially serious infections. 

lnfornµlUon will be superseded by suppiemer.ts and subsequern editions 

BECAliSE OF THi£ F•;:oSW!L1 
fi:EACTIONS, 1\.LL P.-\TIEN'ftl S 
!ZED FOR nm FIRST COURSB 
FLTDR oh~uhJ ho 11s;:,rl withe 
U1?nts v. ith impaired hepatic 
high~do2e pelvic lrrmUatirm 
agents. The drug is n• 
FlIDI) may .cause fol al ha 
nant woman. It -has been slwwn 
chick embryo, mouso.111t-doses of 
fat doses !)f 75, to 150 mg/kg). Ma 
palat'ils; .skeletal defects; and de~ 
and tails. ,The dosages which, 
are 4 2 to 125 times the reconune 
dose. '' 
Th,ere are llO adeq\\ate imd well 
FUDR in. pregnallt women. If this 
nancy or if the patient becomes pre 
ceiVmg) this' drug, the patienl shotlf 
teatial hazard'fo'tlie fetus, Woniell o 
should be advised to avoid becomirig 
Combinritioi• Therapy: Any form of 
the stress of the, patient, inte1fe 
presses bone· marrovf'fimctlori will in 
FUDR: . , , , 

PRECAuTIONS 
Gene~/: Sterile FUDR is. a highly, 
row margi]l of safety. Therefore; pnti ' 
sup~m~ed' sii:ic~ iherililel\#c' res~o: 
without 8ome evidence of 
icity, 'gastrointestmai he 
si:t!t from the' 11Se of FUDR desp 
patiellts 'and careful adj~tmellt 
toxicitY is riiore likely in poor nsk patie 
encou'ntered occa:Siotuiily even in. patl~' 
conditiOn.' ,, ' ', ' ' ' .• 
Therapf is to be discontiri.ued p~omptly 
followmg'sigria of toxicity appears! 
Myocar<liai is'cheiiiia ' ·' 
StomatitiS or esophagopha,l-yngitis, at 
Jl,~p~llia (WBd under S5poj or a.r!l, 
blood courit, , 
Vomitmg; intractable . . . 
Dil\l'.l'h~a, fr~.ciuent b~v.:el ,movement~,oi: ', 
Gastrointestinfil ulceration and bleeding 
Thrombocytopei;i,ia (platelets, under ioo,o 
Hemorrhage from any site 
Information For Patients: Patients, sho 
expected· toxic effects, particularly oral: ' 
t1eiits should lie alerted to the possibili 
result of therapy and should be informed't 
transient effect. 
Laboratory• Tests: Careful mocitoring of'. 
couilt,and platelet,count,is recomniellded::. 
Drug lnierections: See WARNING , 
ca;clnogBneSiS; Mu't~'gefleSis,-Jmpa 
C~rcmoC~1if;'sis:~, ~~g·ter~_ 1:;1t~dies 'in'-.~: 
the carcinogenic potential of ftoxuricline 
ducted. On the b;..is 'of the available diitii; 
be maqe of the_car~inog~niqisk of FWJ~. 
Mutagenesis: Onoogeri.ic .transformation ii 
mowie embcyo has beea induced fu vitro··· 
relationship betWeoo oncogeniclty and mu 
clear. Floxmidine has al~o been ~hown' to; 
hnman leukocytes in vitro B.I)d in th~ D 
tern. In addition, 5-ftuorouracil;'to whic ' 
tabo!ized when given by illtra-arteiial injection; 
showa to he mutagenic ill ill vitro tests. 1·;;;· 
Impairment Of Fertility: The effects of ftoXllli .. 
tility and general reproductive perfo~ 
studied in animals. However, because flo. 
lized to 5-fluorol.lracil, it should be noten' 
has beell ~bown to induce' chromoso,maf,' 
changes in chromosome organization of sp 
rats at doses of 125 or 250 mg/kg, adnii 
peritoneally. 
Spermaiogocial differentiation was also · 
uracil, ,resulting in transient infertility. In' 
orouracil, ,administered intraperitoneally a 
50 mg/kg during the preovulatory phase of 
icantly reduced the iricidence of fertile ma 
development of pre- and post-imp! 
creased the incidence of preimplantat 
duced chromosomal anomalies ill t 
pounds such as FUDR, which i:nterfere 
protein synthesis, might be expected to have a 
on gnmetogenesis. 
Pregnancy: Terntogenic Effects: , Pregnancy: 
See WARNINGS section. FloxuridiM 11n$ been 
teratogenic in th€ chick embryo, mousu (at 'd , 
100 mg/kg) and mt <at doses of 75 to 150 mg/kg 
tions included deft palates. skeletal defects ant · 
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L Y231514, a Pyrrolo[2,3-d]pyrimidine-based Antifolate That Inhibits Multiple 

Folate-requiring Enzymes 
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Katherine A. Shackelford, Lurane G. Mendelsohn, Daniel J. Soose, Vinod F. Patel, Sherri L. Andis, 
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and Richard M. Schultz 
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ABSTRACT 

N-[4·[2·(2-amino-3,4-dihydro-4-oxo-7H-pyrrolo[2,3-d)pyrimidin-5-yl)· 
ethyl)·benzoyl)·L·glutamic acid (LY231514) is a novel pyrrolo[2,3-
d)pyrimidine-based antifolate currently undergoing extensive Phase II 
clinical trials. Previous studies have established that L Y231S14 and its 
synthetic y-polyglutamates (glu3 and glu5) exert potent inhibition against 
thymidylate synthase (TS). We now report that LY231S14 and its poly· 
glutamates also markedJy inhibit other key folate-requiring enzymes, 
including dihydrofolate reductase (DHFR) and glycinamlde ribonucle· 
otide formyltransferase (GARFf). For example, the K1 values of the 
pentaglutamate of LY231S14 are 1.3, 7.2, and 65 nM for inhibition against 
TS, DHFR, and GARFf, respectively. In contrast, although a similar high 
level of inhibitory potency was observed for the parent monoglutamate 
against DHFR (7.0 RM), the inhibition constants (K1) for the parent mono
glutamate are significantly weaker for TS (109 RM) and GARFf (9,300 
OM). The effects of L Y231S14 and its polyglutamates on aminoimidazole 
carboxamlde ribonucleotide formyltransferase, S,10-methylenetetrahy
drofolate dehydrogenase, and 10-formyltetrahydrofolate synthetase were 
also evaluated. The end product reversal studies conducted in human cell 
lines further support the concept that multiple enzyme-inhibitory mech
anisms are involved in cytotoxicity. The reversal pattern of LY231514 
suggests that although TS may be a major site of action for L Y231S14 at 
concentrations near the ICSO> higher concentrations can lead to inhibition 
of DHFR and/or other enzymes along the purine de nol'o pathway. Studies 
with mutant cell lines demonstrated that LY231514 requires polygluta
mation and transport via the reduced folate carrier for cytotoxic potency. 
Therefore, our data suggest that LY231514 is a novel classical antifolate, 
the antitumor activity of which may result from simultaneous and multi· 
pie Inhibition of several key folate-requiring enzymes via its polyglutama
ted metabolites. 

INTRODUCTION 

Several novel folate-based antimetabolites are currently being ac
tively investigated in clinical trials. These include lometrexol and 
LY309887,2 which inhibit GARFf in the purine de novo biosynthetic 
pathway (1-3); edatrexate (4, 5) which acts on DHFR; and ZDl694 
(Tomudex; Refs. 6 and 7), AG337 (Thymitaq; Ref. 8), and 
BWJ843U89 (9), which specifically target TS. 
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L Y23 l 5 l 4 is a structurally novel antifolate antimetabolite that pos· 
sesses the unique 6-5-fused pyrrolo[2,3-d]pyrimidine nucleus (10, 11) 
instead of the more common 6-6-fused pteridine or quinazoline ring 
structure (Fig. 1). Previous studies have demonstrated that LY231514 is 
one of the best substrates that is known for the enzyme FPGS (Km = 1.6 
µMand V m,.,/Km = 621; Ref. 12). It is likely that polyglutamation and the 
polyglutamated metabolites of L Y231514 play profound roles in deter
mining both the selectivity and the antitumor activity of this novel agent 
(11, 12). Whereas LY231514 only moderately inhibited TS (K; = 340 
nM, recombinant mouse), the pentaglutamate of LY231514 was JOO-fold 
more potent (K; = 3.4 RM; Ref. II), making LY231514 one of the most 
potent folate-based TS inhibitors known today (13). 

Preliminary cell culture end product reversal studies in human CCRF· 
CEM and murine Ll210 leukemia cells have demonstrated that thymi
dine (5 µM) alone was not able to fully reverse the cytotoxic action of 
LY231514 (11). Both thymidine (5 µM)andhypoxanthine (100 µM) were 
required to fuJJy protect cells from the growth-inhibitory activity exerted 
by L Y23 l 5 l 4. This reversal pattern is significantly different from other 
TS inhibitors, such as ZDl694 (6) and BW1843U89 (9). Cell culture 
experiments showed that the antiproliferative activity of LY231514 was 
completely reversed by the addition of Jeucovorin (0.05-16 µM) in a 
competitive manner (11), suggesting that LY231514 competed with 
natural reduced folate cofactors both at transport and intracellular folate 
levels and acted as a pure folate antagonist. 

Promising antitumor responses have recently been observed in the 
Phase I trials of LY231514. Moreover, patients who had previously 
failed to respond to ZDl694 and 5-fluorouracil/leucovorin treatment 
responded to LY231514 (14). This pattern of clinical response, to
gether with the aforementioned observations of partial protection by 
thymidine in cell culture, suggest that inhibition of TS by L Y23 l 514 
may not solely account for the overall antitumor effect of this novel 
antifolate. L Y23 l 514 and its polyglutamates may inhibit other folate
requiring enzymes, such as DHFR, or enzymes along the de novo 
purine biosynthetic pathway. LY231514 may thus act as a multitar
geted antifolate, with multiple mechanisms of action affecting the 
intracellular folate pools and cellular pyrimidine/purine biosynthesis. 

We now summarize our findings of LY231514 and its polygluta
mates (glu3 and glu5 ) against various folate-requiring enzymes, in
cluding human TS, DHFR, AICARFf, 5,10-methylenetetrahydrofo
late dehydrogenase, and 10-formyltetrahydrofolate synthetase 
activities of CJ-S and murine GARFf. In addition, we report a 
detailed comparison of cell culture reversal patterns observed in 
several human cell Jines between compounds LY231514 and ZD1694. 
Finally, we examine the role ofpolyglutamation and transport (via the 
RFC) in the cytotoxicity of LY231514. 

MATERIALS AND METHODS 

2 The abbreviations used are: LY231514, N-[4-[2-(2-amino-3,4-dihydro-4-oxo-7H
pyrrolo[2,3-dlpyrimidin-5-yl)ethyl)-benzoyl)-L-glutamic acid; r, recombinant; h, human: 
m, murine: TS, thymidylate synthase (EC 2. l. l.45); DHFR, dihydrofolate reductase (EC 
1.5. l.3): GARFf, glycinamide ribonucleotide formyltransferase (EC 2.1.2.2): AICA, 
5-aminoimidazole-4-carboxamide; AICARFf, aminoimidazole carboxamide ribonucle
otide formyltransferase (EC 2.l.2.3); Cl-S, Cl tetrahydrofolate synthase; FPGS, folyl
polyglutamate synthetase (EC 6.3.2. l 7); RFC, reduced folate carrier; FBP-a, folate 
binding protein-a; MlT, 3-(4,5-dimethylthiazol-2yl)-2,5-diphenyltetrazolium bromide; 
NADPH, /3-NADP+, reduced form; 6R-MTHF, 6[R]-5, 10-methylene-5,6,7,8-tetrahydro
folate. 

Materials. L Y23 J 5 J 4 and ZD 1694 were prepared according to published 
methods and procedures (7, 11 ). The syntheses of the 'Y·glutamyl derivatives of 
L Y23 l 5 J 4 were by the method of Pawelczak et al. ( 15). For in vitro studies, 
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0 

0 

QOOH 

~~COOH 
Fig. I. Structure of L Y231514. N-[4-[2-(2-amino-3,4-dihydro-4-oxo-7H-pyrrolo[2.3-

d]pyrimidin-5-yl)ethyl)-benzoyl]-L-glutamic acid. 

6R-MTHF concentration, an uninhibited reaction and six concentrations of 
inhibitor were assayed. K; apparent (K; app) values were determined by fitting 
the data to the Morrison equation (26) using nonlinear regression analysis with 
the aid of the program ENZFITIER. K; values were calculated using the 
equation: K; app = K; ( 1 + [SJ/Km), where [SJ is equal to 30 µMand Km is equal 
to 3 µM. 

DHFR activity was assayed spectrophotometrically by monitoring the dis
appearance of the substrates NADPH and 7,8-dihydrofolate (combined 
E = 12 x 103 M- 1 cm- 1

) at 340 nm. The reaction took place at 25°C in 0.5 
ml of 50 mM potassium phosphate buffer, which contained 150 mM KCI and 
10 mM 2-mercaptoethanol, pH 7.5, and 14 nM (0.34 milliunit/ml) DHFR. The 
NADPH concentration was 10 µM, and 7,8-dihydrofolate was varied at 5, 10, 

compounds were dissolved in either DMSO or 5% sodium bicarbonate at an or 15 µM. At each 7,8-dihydrofolate concentration, an uninhibited reaction and 
initial concentration of 1-50 mM, and dilutions were made in either enzyme seven concentrations of inhibitor were assayed. The ENZFITIER microcom-
assay buffer or cell culture medium (RPMI 1640 with 10% dialyzed FCS). The puter program was used to obtain K; app values by fitting the data to the 
final DMSO concentration never exceeded 0.5%. Vehicle controls confirmed Morrison equation by nonlinear regression analysis. K; values were calculated 
that there was no effect of DMSO at this concentration. A water-soluble form using the equation: K; app = K; (I + [SJ/Km), where [SJ is equal to the 
of the disodium salt of LY231514 was used in some investigations. The concentration of 7,8-dihydrofolate used and Km of 7,8-dihydrofolate is 0.15 
recombinant enzymes used were all obtained in purified form from the fol- µM (27, 28). 
lowing sources: rhTS from Dr. D. V. Santi (University of California at San GARFT activity was assayed spectrophotometrically as described previ-
Francisco, San Francisco, CA; Ref. 16); trifunctional mGARFT from Dr. R. G. ously (2) by monitoring the increase of absorbance resulting from formation of 
Moran (Medical College of Virginia, Richmond, VA; Ref. 17); rhDHFR from the product 5,8-dideazafolate at 295 nm. The reaction solvent contained 75 mM 

Dr. M. Ratnam of Medical College of Ohio, Toledo, Ohio (18) and Anatrace HEPES, 20% glycerol, and 50 mM a-thioglygerol, pH 7.5, at 25°C. The 
Co. (Maumee, OH). Two forms of rhCl-S were obtained from Dr. R. E. concentrations of substrates and enzyme used were 10 µM a,/3-glycinarnide 
Mackenzie (McGill University, Montreal, Quebec, Canada; Ref. 19): (a) the ribonucleotide, 0-10 µM 10-formyl-5,8-dideazafolic acid, and 10 nM (1.9 
M, 101,000 full-length enzyme of Cl-S containing 5,10-methylenetetrahydro- milliunits/ml) GARFT. K; values were calculated using the Enzyme Mecha-
folate dehydrogenase, 5,10-methenyltetrahydrofolate cyclohydrolase and 10- nism program of the Beckman DU640 spectrophotometer, which uses nonlin-
formyltetrahydrofolate synthetase (EC 6.3.4.3) activities; and (b) the protein ear regression analysis to fit data to the Michaelis-Menten equation for com-
domain of C 1-S containing the 5, 10-methylenetetrahydrofolate dehydrogenase petitive inhibition. 
(EC 1.5.1.5) and 5,10-methenyltetrahydrofolate cyclohydrolase activities (the AICARFT inhibition assays were carried out at room temperature by 
M, 35,000 truncated version ofCI-S, which contained only the dehydrogenase monitoring the formation of [6S]-5,6,7,8-tetrahydrofolate from 10-formyl-
and cyclohydrolase activities). Human AICARFT was purified as described by [6R,S)-5,6,7,8-tetrahydrofolate at A298• All solutions were purged with N2 gas 
Rayl et al. (20). 10-Formyl-[6R,S]-5,6,7,8-tetrahydrofolate was prepared by a prior to use. The reaction solution contained 33 mM Tris-Cl, pH 7.4, 25 mM 

method similar to that of Rowe (21). 10-Formyl-S,8-dideazafolic acid and KCI, S mM 2-mercaptoethanol, O.OS mM AICA ribonucleotide, and 16 nM (2.0 
a,/3-glycinarnide ribonucleotide were prepared as described previously (2). milliunits/ml) of AICARFT. IO-Formyl-[6R,SJ-S,6,7,8-tetrahydrofolate con-
6R-MTHF for use in the TS assay was obtained from Eprova AG (Schaff- centrations of 0.037, 0.074, and 0.14S mM were used (0.61, 1.23, and 2.4S 
hausen, Switzerland); the trihydrochloride salt of [6R,S]-S,6,7,8-tetrahydrofo- times its Km value, respectively). LY231514 was tested as an inhibitor at 
late and the magnesium salt of [6R,S]-S,10-methylene-S,6,7,8-tetrahydrofolate 0.080-0.800 mM (four concentrations). When the tri- and pentaglutamates of 
for use in the Cl-S dehydrogenase assay were obtained from Dr. B. Schircks LY231Sl4 were used as inhibitors, the concentrations were O.OOOS-0.009 mM 
Laboratories (Jona, Switzerland). S-Aminoimidazole-4-carboxamide ribonu- (eight concentrations). Enzyme assays were initiated by the addition of en-
cleotide, AICA, folic acid, folinic acid, 7,8-dihydrofolate, NADPH, hypoxan- zyme. Data was analyzed using the ENZFITTER program for competitive 
thine, methotrexate, MTT, and thymidine were purchased from Sigma Chem- inhibition. 
ical Company (St. Louis, MO). Dialyzed fetal bovine serum was purchased The method of Tan et al. (29) was used for assaying the activities of C 1-S. 
from Hyclone (Logan, UT). Regular and folate-free RPMI 1640 with 2S mM This involves quenching the reaction by acid and subsequent spectrophoto-
HEPES buffer were purchased from Whittaker Bioproducts (Walkersville, metric quantitation of the amount of S,10-methenyltetrahydrofolate produced 
MD). The ENZFITIER microcomputer package was obtained from Biosoft at 3SO nm. Accordingly, the dehydrogenase assay was conducted in a pH 7.3 
(Ferguson, MO). CCRF-CEM cells were obtained from St. Jude Children's reaction mixture containing 0.084 M potassium phosphate, 0.12 M 2-mercap-
Research Hospital (Memphis, TN). HCT-8 cells were purchased from the toethanol, 0.17 mM NADP, S.75-168 µM [6R,S)-S,10-methylene-5,6,7,8-tet-
American Type Culture Collection (Rockville, MD). CRIS, a S,10-dideazatet- rahydrofolate, and 0.96 nM (0.7 milliunit/ml) protein domain of Cl-S contain-
rahydrofolic acid-resistant CCRF-CEM subline, was described by Pizzomo et ing the S,10-methylenetetrahydrofolate dehydrogenase (EC I.S.l.S) and S,10-
al. (22). ZR-7S-I human breast carcinoma cell sublines with differing folate methenyltetrahydrofolate cyclohydrolase activities. The synthetase assay was 
transport properties were generously provided by Dr. K. Cowan (NCI, Be- conducted in a pH 8.0 reaction mixture containing 0.1 M triethanolamine, 0.14 
thesda, MD; Ref. 23). The GC3/Cl cell line was developed by Dr. J. Houghton M 2-mercaptoethanol, O.OS M KCI, 0.04 M sodium formate, 1.0 mM MgCl2, 1.0 
(St. Jude Children's Research Hospital, Memphis, TN; Ref. 24). CCRF-CEM, mM ATP, 62.5-2000 µM [6R,S]-5,6,7,8-tetrahydrofolate, and 1.4 nM (0.7 
HCT-8, CRIS, ZR-7S-l, MTXRZR-7S-l, and GC3/Cl cells were routinely milliunit/ml) full-length enzyme of Cl-S containing S,10-methylenetetrahy-
cultured in RPMI 1640 medium containing L-glutamine and 25 mM HEPES drofolate dehydrogenase, S,10-methenyltetrahydrofolate cyclohydrolase and 
buffer and supplemented with 10% dialyzed FCS. ZR-75-1 cells expressing 10-formyltetrahydrofolate synthetase (EC 6.3.4.3) activities. The concentra-
FBP-a (MTXRBB3-FR + and 2FR + AA6) were cultured in folic acid-free tions of L Y231514 and its polyglutamates studied in each activity were from 
RPMI 1640 containing L-glutamine, 2S mM HEPES buffer, 2 nM folinic acid, about O.S X K; to 3 X K;. All reactions were conducted at ambient temperature 
and 10% dialyzed FCS. (23°C) in a final volume of0.47S ml and quenched with 0.02S ml of0.4 M HCI. 

Enzyme Assays and Methods. TS activity was assayed using a spectro- Activity data collected with a range of substrate and drug concentrations were 
photometric method described by Greene et al. (25), which involved monitor- fit to the Michaelis-Menten equation for competitive inhibition by nonlinear 
ing the increase in absorbance at 340 nm resulting from formation of the regression with the aid of the GRAFIT computer program (30). 
product, 7,8-dihydrofolate. The assay buffer contained 50 mM N-tris[hy- In Vitro Cell Culture Studies. Dose-response curves were generated to 
droxymethyl)methyl-2-arninoethanesulfonic acid, 2S mM MgCl2, 6.S mM determine the concentration required for SO% inhibition of growth (IC50). Test 
formaldehyde, I mM EDTA, and 7S mM 2-mercaptoethanol, pH 7.4. The compounds were dissolved initially in DMSO at a concentration of 4 mg/ml 
concentrations of deoxyuridylate monophosphate, 6R-MTHF, and hTS were and further diluted with cell culture medium to the desired concentration. 
100 µM, 30 µM, and 30 nM (1.7 milliunits/ml), respectively. (One milliunit of CCRF-CEM leukemia cells in complete medium were added to 24-well 
enzyme activity is defined as I nmol of product produced per min.) At the Cluster plates at a final concentration of 4.8 X 104 cells/well in a total volume 
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of 2.0 ml. Test compounds at various concentrations were added to duplicate 
wells so that the final volume of DMSO was 0.5%. The plates were incubated 
for 72 h at 37°C in an atmosphere of 5% C02 in air. At the end of the 
incubation, cell numbers were determined on a ZBI Coulter counter. Control 
wells usually contained 4 x I OS to 6 X I 05 cells at the end of the incubation. 
For several studies, IC5oS were determined for each compound in the presence 
of either 300 µM AICA, 5 µM thymidine, 100 µM hypoxanthine, or combina
tion of 5 µM thymidine plus I 00 µM hypoxanthine. 

For adherent tumor cells, we used a modification of the original MTT 
colorimetric assay described by Mosmann (31) to measure cell cytotoxicity. 
The human tumor cells were seeded at I X 104 cells in 100 µI of assay 
medium/well in 96-well flat-bottomed tissue culture plates (Costar, Cam
bridge, MA). The assay medium contained folic acid-free RPMI 1640 supple
mented with 10% FCS and either 2 nM folinic acid or 2.3 µM folic acid as the 
sole folate source. Well IA was left blank (100 µI of growth medium without 
cells). Stock solutions of antifolates were prepared in Dulbecco's PBS at I 
mg/ml, and a series of 2-fold dilutions were subsequently made in PBS. Ten-µI 
aliquots of each concentration were added to triplicate wells. Plates were 
incubated for 72 h at 37°C in a humidified atmosphere of 5% C02-in-air. MTT 
was dissolved in PBS at 5 mg/ml, I 0 µI of stock MTT solution were added to 
each well of an assay, and the plates were incubated at 37°C for 2 additional 
h. Following incubation, 100 µI of DMSO were added to each well. After 
thorough formazan solubilization, the plates were read on a Dynatech MR600 
reader, using a test wavelength of 570 nm and a reference wavelength of 630 
nm. The IC50 was determined as the concentration of drug required to inhibit 
cell growth by 50% compared to an untreated controls. 

RESULTS 

Enzyme Inhibition Studies. The inhibition of rhTS by L Y23 l 5 l 4 
and its polyglutamates is summarized in Table I. The parent mono
glutarnate LY231514 inhibited rhTS with a K; of 109 nM when the 
monoglutamated form of the substrate (6R-MTHF) (6[R]-5,IO-meth
ylenetetrahydrofolate) was used. This is in good agreement with the K; 
value generated earlier for rm TS (K; = 340 nM; Ref. 11 ). The 
longer-chain y-glutamyl derivatives of L Y231514 demonstrated sig
nificantly enhanced affinity to rhTS. The addition of two extra y-glu
tamyl residues (glu3 ) to L Y23 l 5 l 4 resulted in 68-fold reduction of the 
K; value. Further extension of the glutamate tail (L Y23 l 5 l 4-glu5) did 
not result in any significant enhancement of inhibitory potency toward 
rhTS. In comparison, ZD 1694 was less dependent on polyglutama
tion. A 5-fold increase in affinity was observed for ZD1694 polyglu
tamates toward rhTS. It has been well recorded that mammalian TS 
showed a strong preference for polyglutamated folate substrates. A 
similar effect had been reported by Jackman et al. (6, 33) and Sikora 
et al. (32) in their studies of the quinazoline antifolates CB3717, 
ZDl694, and their polyglutamates by using partially purified L1210 
murine TS. In both cases, the corresponding triglutamate derivatives 
demonstrated 87- and 56-fold reductions in K; values, respectively, 
compared to the parent compounds. In a separate study by Cheng et 
al. (34), CB3717-glu3 was approximately 20-fold more potent than 
the parent monoglutamate compound in inhibiting human TS isolated 
from HeLa S3 and KB cells. The quantitative differences in the 

Table 1 Inhibitory activity of LY231514, ZDl694, and their polyglutamates against 
rhTS. rhDHFR, and rmGARF1'' 

K; value (OM :!: SE; n 2: 3) 

Compound rhTS rhDHFR rmGARFf 

LY231514 109 :!: 9 (II= 4) 7.0 :!: 1.9 9,300 :!: 690 
LY231514-(glu)3 1.6 :!: 0.1 7.1 :!: 1.6 380 :!: 92 
LY231514-(glu)5 1.3 :!: 0.3 7.2 :!: 0.4 65 :!: 16 

ZD1694 6.0 :!: 0.9 45 :!: 3 424,000 (336,000, 513,000) 
ZDl694-(glu)3 I.I :!: 0.3 37 :!: 7 104,000 (81,000, 127,000) 
ZDl694-(glu)5 1.4 + 0.1 30 :!: 3 132,000 (124,000, 141,000) 

a See "Materials and Methods" for assay procedures. 
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Fig. 2. Morrison Analysis of tight-binding inhibition of rhTS by L Y~3 I 514-gl~3 • A 
velocity versus inhibitor concentration curve is shown from a representative expenment 
illustrating the concentration-dependent inhibition of rhTS (29 nM) m the presence of 
6R-MTHF (15 µM) and 100 µM deoxyuridylate monophosphate. Inset, K; •PP values were 
determined by the nonlinear fitting of data collected at three concentrations of 6R-MTHF 
to the Morrison equation using the ENZFITTER microcomputer package. The K, value 
( 1.3 OM) was delermined from the slope of the graph K, •PP versus [6R-MTHF] usmg a Km 
for 6R-MTHF of 3.0 µ[M. 

reported degree of enhancement in potency as a result of polygluta
mation are likely due to a combination of the variation in enzyme 
source used, as well as the inherent difficulty in obtaining K; estimates 
for very tightly bound compounds. L Y23 l 5 l 4 and its polyglutamates 
inhibited rhTS in a competitive fashion with respect to the natural 
substrate [6R]-5, IO-methylenetetrahydrofolate. The data of 
LY231514-glu3 against rhTS is shown in Fig. 2. The K; values 
reported in Table I are calculated assuming competitive inhibition for 
ZDl694. 

L Y23 l 514 was found to be a very potent inhibitor when tested 
against recombinant human DHFR. Tight binding analysis showed 
that L Y23 l 5 l 4 inhibited rhDHFR in a competitive fashion with a K; 
of 7.0 nM (Table I). In contrast to rhTS, attachment of additional 
y-glutamyl residues to L Y23 l 5 l 4 had little effect on the inhibition 
toward rhDHFR (the glu3 and glu5 of LY231514 exhibited identical 
K; values against rhDHFR). The polyglutarnates of L Y23 l 5 l 4 also 
showed a competitive inhibition pattern toward rhDHFR (data not 
shown). It was reported that CB3717 had a K; of 250 nM on DHFR 
isolated from human KB/6B cells (34) and that ZDl694 inhibited rat 
liver DHFR with a K; of 93 nM (6). Likewise, polyglutamation of 
CB37 l 7 and ZD 1694 did not enhance affinity to DHFR. In our hands, 
ZDl694 and its polyglutamates also inhibited rhDHFR but were 
7-fold less potent than LY231514. The polyglutarnates of ZD1694 
showed slight enhancement of affinity toward rhDHFR. 

We also studied drug inhibition against the folate-requiring en
zymes along the purine de novo biosynthetic pathway. L Y23 l 5 l 4 
only moderately inhibited rmGARFT (K; = 9.3 µ,M). Through earlier 
studies of 5,10-dideazatetrahydrofolates, it was discovered that 
GARFT inhibition is highly dependent upon the polyglutamation 
status of inhibitors (2). The triglutamate and pentaglutamate of 
L Y23 l 5 l 4 had significantly enhanced inhibitory activity against 
GARFT, with K; values of 380 nM (24-fold) and 65 nM (144-fold), 
respectively. This makes the pentaglutamate of L Y231514 a poten
tially potent inhibitor of purine de novo biosynthesis. In comparison, 
ZDl694 and its polyglutamates showed extremely weak inhibitory 
activity against GARFT. The K; values ofZDl694, ZD1694-glu3, and 
ZDl694-glu5 were 424, 104, and 132 µ,M, respectively (Table I). This 
result demonstrates that polyglutamyl derivatives of L Y23 l 5 l 4 are 
300-2000-fold more effective than ZD1694 in inhibiting GARFT, an 
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Table 2 Inhibitory activity of LY23/5/4 and its po/yglutamates against hAICARFT and 
the dehydrogenase and synthetase activities in C 1-S" 

Ki value (µ.M) 

Compound 

LY231514 
LY231514-(glulJ 
LY231514-(glu)5 

5,10-
methylenetetrahydrofolate 

dehydrogenase 
of CI synthase 

9.5 :!: 0.9b 
3.7 
5.0 

0 See "Materials and Methods" for procedures. 
b :!: SD; n = 3. 

10-fonnyltetrahydrofolate 
synthetase of 
Cl synthase AICARFf 

364 3.58 
25 0.48 

1.6 0.26 

important enzyme along the purine de novo biosynthetic pathway. The 
second folate-requiring enzyme along the purine de novo biosynthetic 
pathway is AICARFf, which uses the same folate cofactor as 
GARFf, 10-formyl-tetrahydrofolate, as the one carbon donor in pu
rine biosynthesis. A similar trend of enhancement of affinity was 
observed for LY231514 and its polyglutamates toward hAICARFT. 
The K; values observed were 3.58 µM, 480 nM (7.5-fold), and 265 nM 
(13.5-fold) for the mono-, tri-, and pentaglutamyl derivatives of 
L Y23 I 5 l 4, respectively (Table 2). 

Finally, L Y23 l 5 l 4 and its polyglutamates were also found to be 
competitive inhibitors against both the 5,10-methylenetetrahydrofo
Iate dehydrogenase and 10-formyltetrahydrofolate synthetase activi
ties of CI-S (Table 2). The K; values for the mono-, tri-, and penta
glutamyl derivatives of LY231514 were 9.5, 3.7, and 5.0 µM, 
respectively, for dehydrogenase and 364, 25, and 1.6 µM for synthe
tase. This demonstrates that the effect of polyglutamation of 
L Y23 l 5 l 4 on inhibition of dehydrogenase activity is marginal, but is 
quite significant for inhibition of synthetase activity. This observation 
is consistent with previous reports on the sensitivity of these two 
enzymes to polyglutamation status of their respective folate cofactors 
(35, 36). Based on the K; values of L Y23 l 5 l 4 and its polyglutamates, 
the importance of C 1-S as a potential target will be dependent upon 
the intracellular concentration of drug achieved (see below). 

Cell Culture End Products Reversal Studies. Previous studies 
demonstrated that the antiproliferative activity of LY231514 was 
prevented by Ieucovorin but incompletely reversed by thymidine ( l 0, 
11). This suggested that aside from TS, additional enzymatic targets 
for this antifolate compound exist. We have now further characterized 
the reversal pattern of L Y23 l 5 l 4 and ZD 1694 in various human 
tumor cell lines, including CCRF-CEM leukemia, GC3/Cl colon 
carcinoma, and HCT-8 ileocecal carcinoma. It was observed that 5 µM 
thymidine fully protected these cells from cytotoxicity with ZDI 694 
(Table 3). In sharp contrast, similar treatment with thymidine (5 µM) 
only increased the IC50 of L Y23 l 5 l 4 versus CCRF-CEM cells by 
5.5-fold, GC3/Cl by 18.7-fold, and HCT-8 by 15-fold. It is interesting 
to note that thymidine alone produced its greatest protective effect at 
or near the IC50 of LY231514 (Fig. 3). In contrast, higher drug 

concentrations of L Y23 I 5 l 4 required the combination of both thymi
dine (5 µM) plus hypoxanthine (100 µM) to protect CCRF-CEM cells. 
Moreover, the combination of thymidine plus hypoxanthine totally 
reversed the cytotoxicity exerted by L Y23 l 5 l 4 in all three cell lines 
(IC50 values > 40 µM; Table 3). Hypoxanthine (100 µM) or amino
imidazole carboxamide (300 µM) alone did not markedly influence 
cytotoxicity by LY231514 (except for HCT-8 cells, in which a 5-fold 

100 

80 

60 

40 

20 

~ 0 
i 100 0 .. ZD1894 

" 'ii 80 
(.) 

e 60 ... c 
0 40 (.) -0 20 ... c 
CD 
() 0 .. 
CD c. 100 

80 

60 

40 

20 

0 
0.0001 0.001 0.01 0.1 1 10 30 

Cone. (µM) 

Fig. 3. End product reversal studies of L ¥231514, ZDl694, and methotrexate in 
CCRF-CEM human leukemia cells. The indicated concentrations of these compounds 
were incubated with cells for 72 h in the presence of a source of purines and/or 
thymidylate: no additions (0); 5 µ.M thymidine (e); 100 µ.M hypoxanthine (A); 300 µ.M 
AICA <•>: or 5 µ.M thymidine plus 100 µ.M hypoxanthine ( • ). The reversal study of 
L Y2315 I 4 was disclosed previously (I I). 

Table 3 End products reversal studies with LY23/5/4 and ZD/694° 

Cell line Alone +5 µ.M dThd 

LY231514 
CCRF-CEM 25 138 
GC3/CI 34 637 
HCT-8 220 3104 

ZDl694 
CCRF-CEM 15 >40,000 
GC3/CI 4 >40,000 
HCT-8 65 >40,000 

" Cytotoxicity determined by MTT analysis after 72 h exposure to drug. 
SE of triplicate determinations did not exceed 10% of mean. 
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Fig. 4. Effect of thymidine on cytotoxicity of L Y231Sl4 and ZDl694 against GC3/CI 
human colon carcinoma cells. 

Table 4 Antiproliferative activity of various antifolates against a 5,/0-
dideazatetrahydrofolate-resistant CCRF-CEM subline (CR/5) and relative efficiency as 

substrate for FPGS 

CCRF-CEM CRIS FPGS 
Compound IC50 (nM)° IC50 (nM)°'b (Vm.,,!Km( 

LY231Sl4 2S.4 >200,000 S49 
ZD1694 lS.3 30,6S7 49S 
L Y249S43 (lometrexol) 9.7 >200,000 60 
Methotrexate 4.2 336 4 

° Cytotoxicity determined by MTI analysis after 72 h exposure to drug. SE of 
triplicate determinations did not exceed 10% of mean. 

b CRIS cells, generously provided by Dr. G. P. Beardsley (Yale University, New 
Haven, CT), have markedly diminished capacity to accumulate S, I 0-dideazatetrahydro
folic acid polyglutamates (their FPGS activity is approximately 10% of the wild type). 

c Hog Ii ver FPGS data taken from Ref. 17. 

decrease in potency was observed with the addition of I 00 µM of 
hypoxanthine). In GC3/Cl cells, the physiological concentration of 
thymidine in mouse plasma (l.0 µM; Ref. 24) was significantly more 
effective in reversing the cytotoxicity of ZD 1694 than L Y23 l S l 4 
(Fig. 4). The distinctively different reversal pattern exerted by thymi
dine on these two agents indicates that whereas TS may be the sole 
target for ZD1694, it is likely that there are other inhibitory sites for 
LY231SJ4. The cell culture reversal pattern ofLY231Sl4 in CCRF
CEM cells was also distinctly different from that of methotrexate (no 
protection by thymidine alone; Fig. 3) and the GARFT inhibitor 
Jometrexol (strong protection by hypoxanthine alone; data not shown; 
Ref. 3). These studies suggest that inhibition of DHFR and/or other 
enzymes along the purine de novo pathway may play major roles to 
the overall cytotoxic action of L Y23 JS J 4. 

Role of Polyglutamation in Cytotoxicity. LY231Sl4 has previ
ously been demonstrated to be an exceptionally efficient substrate for 
FPGS ( 11, 12). To evaluate the role of FPGS in the cytotoxic activity 
of LY231Sl4 and ZDl694, we used CRIS cells, a lometrexol-resist
ant CCRF-CEM subline. This subline has previously been shown to 
have a markedly diminished capacity to accumulate lometrexol poly
glutarnates and has approximately 10% of the FPGS activity of wild 
type cells (22). Impaired polyglutarnation in CRIS cells was identified 
as the mechanism of resistance to lometrexol, and the cells have 
normal reduced folate transport activity and normal levels of the target 
enzyme, GARFT. We observed that CRIS cells were markedly cross
resistant to both L Y23 IS I 4 and ZD 1694 (Table 4 ), suggesting that 
polyglutamation is a major determinant of cytotoxicity for both com
pounds. CRIS exhibited 7874-fold resistance to LY231Sl4 and 2003-
fold resistance to ZDl694. In comparison, methotrexate exhibited 
significantly Jess resistance in this polyglutarnation-impaired subline 
compared to parent CEM cells. 

Transport Mechanisms for Cytotoxic Activity. The roles of the 
RFC and FBP-a in the cytotoxic activity of LY231Sl4 and ZDl694 
were determined by using ZR-7S-J human breast carcinoma sublines 
that differ in expression of RFC and FBP-a (23). Wild-type ZR-7S-1 
cells express RFC as the major transport route for natural reduced 
folate cofactors and antifolate compounds and do not express detect
able levels of FBP-a. The predominant role of RFC in transport of 
these compounds is illustrated by the fact that wild-type ZR-7S-1 cells 
with or without transfected FBP-a were much more sensitive to drug 
cytotoxicity than sublines resistant to methotrexate through decreased 
RFC expression (Table S). These results indicated that both 
LY231S14 and ZD1694 are less dependent on FBP-a as the major 
route for internalization. 

DISCUSSION 

The antiproliferative activity of the "classical" antifolates depends 
not only on their ability to interact with intracellular folate-requiring 
enzyme target(s), but also on their cellular transport properties and 
their degree of polyglutarnation. Polyglutarnation, in particular, plays 
an essential role in determining the overall biochemical and pharma
cological profiles of any given antifolate (37). The formation of 
polyglutarnated metabolites of folates and antifolates results in the 
intracellular accumulation of polyglutarnated metabolites to levels 
that are significantly higher than could otherwise be achieved at 
steady state by the parent compounds, and thus serves as an important 
cellular retention mechanism for folates and antifolates (38, 39). In 
addition, the resulting polyglutamates often demonstrate orders of 
magnitude of increased affinity toward certain target enzyme(s) (6, 
32, 40). Polyglutarnation may also lead to increased inhibition of other 
folate-dependent enzyme(s) for which the parent compounds had little 
or no apparent affinity. 

A well-documented example of a classical antifolate is methotrex
ate, which was first identified as an extremely potent inhibitor of 
DHFR. Chabner et al. (41) demonstrated that methotrexate polyglu
tarnates exhibit potent inhibition of both TS (42) and AICARFT (43), 
whereas the parent compound, methotrexate, had much Jess activity. 
Given the fact that methotrexate polyglutarnates can accumulate in 
drug-sensitive cells to significantly high concentrations (estimated to 
be in the range of I-IO µM in drug-sensitive cells; Refs. 38, 41, and 
44-46), it is reasonable to assume that the polyglutarnates of meth
otrexate can effectively inhibit several key enzyme systems (DHFR, 
TS, and AICARFT). Effective polyglutarnation of methotrexate and 
accumulation of intracellular polyglutarnates have transformed meth
otrexate into an agent that inhibited multiple enzymes of folate me
tabolism. It has been suggested that the increased activity of metho
trexate polyglutarnates toward other distal folate targets may be an 
important determinant both for its sensitivity and for selectivity in 
normal versus malignant tissues. 

L Y23 l S l 4 is a novel pyrrolo[2,3-d]pyrimidine-based antifolate. 
Previous studies have demonstrated that L Y231S14 is one of the best 

Table S Antiproliferative activity of LY23/5/4 and ZD/694 against ZR-75-/ human 
breast carcinoma cell lines with differing transport characteristics" 

IC50 (nM) ICso (nM) 
Cell line Transport LY231514 ZD1694 

Wild type RFC+, FBP- 110.2 27.S 
Wild :lpe AA6-FR + RFC+, FBP+ 22.7 9.6 
MTX RFC-, FBP- 429.9 1763.2 
MTXR-BB3-FR+ RFC-, FBP+ 1190.6 >20,000 

° Cytotoxicity determined after 72 h drug exposure by MTT assay. Assay medium 
contained 2 nM folinic acid as the sole folate source. SE of triplicate determinations did 
not exceed 10% of mean. The ZR-7S-l sublines were generously provided by Dr. K. 
Cowan (National Cancer Institute, Bethesda, MD). 
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substrates that is known for the enzyme FPGS (12). In vitro incubation 
(8-24 h) of LY231514 with hog liver FPGS effectively converted 
LY231514 to its longer-chain polyglutamates (glu4 and glu5 ; data not 
shown). Whereas the parent compound LY231514 demonstrated only 
a moderate level of inhibition (K; = 340 nM) against TS, the penta
glutamate of LY231514 was 100-fold more potent (K; = 3.4 nM) in 
inhibiting the rmTS and correlated better with its antiproliferative 
activity (IC50 = 16 nM for CCRF-CEM cells) observed in whole cell 
assays ( 11 ). These data suggest that L Y231514 is behaving very much 
like a classical antifolate, which depends highly on active membrane 
transport and polyglutamation as part of the activation and retention 
mechanism for achieving its therapeutic effects. It is thus reasonable 
to assume that LY231514 is a prodrug and that the polyglutamated 
metabolites are the responsible active species inside cells. 

Two biochemically distinct transport systems, the high-affinity 
FBP-a and the lower-affinity RFC, have been implicated in tumor cell 
membrane transport offolates and antifolates (47-49). Because mem
brane transport is the first limiting step in the chemotherapeutic 
efficacy of folate analogues, and different expression levels of RFC 
and FBP-a are being recognized in normal and neoplastic tissues, a 
thorough knowledge of the relative role of each of these transport 
systems in the antitumor efficacy of candidate antifolates may be 
useful for the clinical development of novel antifolates. Westerhof et 
al. (50) have demonstrated that LY231514 and ZD1694 were effi
ciently transported via both transport pathways using a panel of 
murine L1210 leukemia cells with differing transport properties. To 
further investigate the mechanism(s) for LY231514 transport, we used 
a panel of ZR-75-1 human breast carcinoma sublines prepared by 
Dixon et al. (23) with different transport characteristics. The MTX
resistant ZR-75-1 cells that are deficient in RFC activity demonstrate 
3.9-fold and 64.1-fold cross-resistance to LY231514 and ZD1694, 
respectively, compared to wild-type cells. Neither cell line contains 
detectable FBP-a. Expression of FBP-a in wild-type cells produced 
4.8-fold and 2.9-fold increased sensitivity to LY231514 and ZD1694. 
Moreover, ZR-75-1 cells that express FBP-a but lack RFC activity 
(MTXR-883-FR +) showed markedly decreased sensitivity toward 
both L Y23 l 5 l 4 and ZDl 694, further suggesting a predominant role 
for RFC in transport of both antifolates. Differences in the involve
ment of FBP-a in antifolate growth-inhibitory activity between our 
studies and those of Westerhof et al. (50) may be related to the use of 
human versus murine tumor cell lines. In addition, we have recently 
noted that RFC is the preferential route of entry for antifolate com
pounds, even when mFBP-a is expressed to very high levels (51). 

Pizzomo et al. (22) described the development and mechanisms of 
resistance of CCRF-CEM human lymphoblastic leukemia sublines 
resistant to increasing concentrations of lometrexol. The primary 
mechanism of resistance detected in these studies appears to be the 
significantly diminished accumulation of polyglutamate forms of the 
drug due to decreased FPGS activity. We used one of the lometrexol
resistant CCRF-CEM sublines (CRIS; Ref. 22) to further test the role 
of polyglutamation in the growth-inhibitory activity of various anti
folates, including LY231S14. This line has normal levels of GARFf 
and normal reduced folate transport system. We observed that CRIS 
cells display >7874-fold cross-resistance to LY231S14, 2003-fold 
cross-resistance to ZD1694, and 80-fold cross-resistance to MTX over 
a 72-h drug exposure period. The degree of resistance to methotrexate 
following chronic drug exposure was greater than that observed by 
Pizzomo et al. (22), and this may involve additional factors besides 
polyglutamation, such as levels of DHFR or intracellular pools of 
reduced folates. However, cross-resistance seems to correlate well 
with relative efficiency as substrates for FPGS for these antifolate 
compounds. Similarly, Jackman et al. (52) described an L1210 murine 
leukemia subline resistant to ZD1694 due to diminished FPGS levels 

and subsequent inability to accumulate ZD1694 or MTX polygluta-
mates. 

In addition to greater intracellular drug retention through polyglu
tamation, the cytotoxic activity of L Y23 l S l 4 polyglutamates appears 
to be enhanced due to increased affinity toward multiple folate
requiring enzymes. Our data now clearly demonstrate that polygluta
mates of LY231S14 effectively inhibited multiple folate-requiring 
enzymes, a phenomenon similar to what was observed for methotrex
ate. LY231514 polyglutamates exhibited tight binding inhibition to
ward rhTS and rhDHFR, with affinity in the low nanomolar range. 
LY231514-glu5 also demonstrated high affinity toward GARFf 
(K; = 6S nM), making it potentially an effective inhibitor of purine 
biosynthesis (2). The effective transport and excellent polyglutama
tion profiles of L Y231S14 suggested that significantly high levels of 
LY231S14 polyglutamates could be achieved intracellularly. We have 
found that intracellular concentrations of L Y231S14 and its polyglu
tamates can reach to a level of 10-30 µM in CCRF-CEM cells when 
14C-labeled LY231Sl4 was used.3 These high intracellular drug con
centrations could result in effective inhibition of multiple enzymes 
(TS, DHFR, and GARFf). At these high intracellular drug concen
trations, other enzymes with K; values in the micromolar range, 
including Cl-Sand AICARFT, may also be inhibited by LY231514 
polyglutamates. This simultaneous inhibition of multiple folate-de
pendent enzymes (TS, DHFR, GARFf, Cl-S, and AICARFT) would 
then lead to a major disturbance of intracellular reduced folate pools 
and result in significant decreases in pyrimidine and purine biosyn
thesis. 

The cell culture end product reversal pattern of L Y231S14 was 
significantly different from those of ZD 1694 and methotrexate (Table 
3 and Fig. 3). The distinctively different reversal pattern exerted by 
thymidine indicated that although TS may be the sole target for 
ZD1694, it is likely that there are other important inhibitory sites for 
L Y231514. The higher degree of protection by thymidine at low drug 
concentrations indicated that TS is a major target for L Y231Sl4. 
Addition of hypoxanthine together with thymidine fully reversed the 
cytotoxicity of L Y23lS14, suggesting that at higher concentrations, 
inhibition of DHFR and/or purine de novo biosynthetic enzymes were 
responsible for other secondary cytotoxic actions of the drug. The 
reversal pattern of L Y231Sl4 was also significantly different from 
that of methotrexate (Fig. 3). Thymidine alone did not protect the cells 
from the cytotoxic effect of methotrexate at all drug concentrations. 
The affinity of methotrexate for DHFR (K; = S pM) was several orders 
of magnitude higher than its affinity for TS (K; = 0.047 µM for 
MTX-glu5), suggesting that the primary intracellular target of meth
otrexate may still be DHFR and not TS. 

Knowledge from in vitro studies of individual folate-dependent 
enzymes by antifolates have been incorporated into metabolic models 
that describe folate cycle kinetics in murine (S3) and human (S4, 55) 
systems for the purpose of evaluating multiple folate enzyme inhibi
tion by methotrexate polyglutamates. A clear understanding of the 
relationship between the intracellular pools of reduced folates and 
L Y231S14 polyglutamates under various drug exposure and rescue 
conditions will be tremendously useful in assessing the relative sig
nificance of inhibiting each individual enzyme by L Y23 l S l 4 and its 
metabolites ( 41 ). 

In summary, through enzymatic and cellular studies, we have 
demonstrated that as a result of polyglutamation, L Y231S14 can 
achieve high enough intracellular concentrations that it may drasti
cally affect folate metabolism through blockade at TS, DHFR, and 
GARFf, and to a lesser extent at AICARFT and Cl-S. The combined 

3 R. M. Schultz. unpublished observation. 
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effects of the inhibition exerted by L Y23 l 5 l 4 at each target gives rise 
to an unusual end product reversal pattern at the cellular level that is 
distinct from those of other inhibitors such as methotrexate and the 
quinazoline antifolates. This may explain the encouraging Phase I 
results of activity in advanced stages of colorectal and pancreatic 
cancer (14). A broad Phase II program is currently under way to 
investigate a variety of resistant solid tumors, including colorectal, 
breast, non-small cell lung, pancreatic, and other gastrointestinal 
tumors. 
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INTERVIEW. (See MPEP Section 713.04). If a reply to the last Office action has already been filed, APPLICANT IS 
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Summary of Record of Interview Requirements 

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record 
A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be made of record in the 
application whether or not an agreement with the examiner was reached at the interview. 

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews 
Paragraph (b) 

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as 
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in §§ 1.111, 1.135. (35 U.S.C. 132) 

37 CFR §1.2 Business to be transacted in writing. 
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and 
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to 
any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt. 

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself 
incomplete through the failure to record the substance of interviews. 

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless 
the examiner indicates he or she will do so. It is the examiner's responsibility to see that such a record is made and to correct material inaccuracies 
which bear directly on the question of patentability. 

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the 
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction 
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing 
out typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the 
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required. 

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the 
"Contents" section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the 
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicant's correspondence address 
either with or prior to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other 
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication. 
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Application Number (Series Code and Serial Number) 
Name of applicant 
Name of examiner 
Date of interview 
Type of interview (telephonic, video-conference, or personal) 
Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.) 
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An identification of the specific prior art discussed 
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not restrict further action by the examiner to the contrary. 
The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action) 

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It 
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview 
unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the 
substance of the interview. 

A complete and proper recordation of the substance of any interview should include at least the following applicable items: 
1) A brief description of the nature of any exhibit shown or any demonstration conducted, 
2) an identification of the claims discussed, 
3) an identification of the specific prior art discussed, 
4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the 

Interview Summary Form completed by the Examiner, 
5) a brief identification of the general thrust of the principal arguments presented to the examiner, 

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not 
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the 
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully 
describe those arguments which he or she feels were or might be persuasive to the examiner.) 

6) a general indication of any other pertinent matters discussed, and 
7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed by 

the examiner. 
Examiners are expected to carefully review the applicant's record of the substance of an interview. If the record is not complete and 

accurate, the examiner will give the applicant an extendable one month time period to correct the record. 

Examiner to Check for Accuracy 

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner's version of the 
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, "Interview Record OK" on the 
paper recording the substance of the interview along with the date and the examiner's initials. 
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FDA Drug Approval Summaries: Pemetrexed (Alimta®) 
MAITREYEE HAZARIKA, ROBERT M. WHITE, JOHN R. JOHNSON, RICHARD PAZDUR 

Division of Oncology Drug Products, Center for Drug Evaluation and Research, 
U.S. Food and Drug Administration, Rockville, Maryland, USA 

Key Words. Pemetrl'Ud · Alimra' · Ma/ig11a111 pk11ral nruo1~lioma 

LEARNING OBJECTIVES 

After completing this course. the reader will be able to: 

I. Explain the mechanism of action of a recently approved new cancer drug, pemetrexed. 

2. Describe the adverse-event profile of pemetrexed and a novel approach for toxicity reduction. 

3. Discuss the rationale for the FDA approval of pemetrexed. 

ABSTRACT 

The purpose of this report is to summarize infor
mation on pemetrexed (LY231514; MTA; Alimta4t; 
Eli Lilly and Company; Indianapolis, IN), a drug 
recently approved by the U.S. Food and Drug 
Administration (FDA). The review of the efficacy and 
safety of pemetrexed is summarized below. Pcme
trexed is a pyrrolopyrimidine antifolate. It inhibits 
thymidylate synthase, glycinamide ribonucleotide 
formyltransferase. and dihydrofolate reductase. In a 
single, randomized, single-blind, multicenter phase III 
trial, the efficacy and safety of pemetrexed combined 
with cisplatin (Platino19 ; Bristol-Myers Squibb; 
Princeton, NJ) were compared with those of singJe
agent cisplatin in 448 patients with malignant pleural 
mesothelioma. Two hundred twenty-six patients were 
randomized to receive pemetrexed and cisplatin, while 
222 patients were randomized to receive cisplatin 
alone. The primary study end point was survival. 
Median survh·al times were 12.1 months for the peme
trexed plus cisplatin treated arm and 9.3 months for 

the cisplatin alone arm. Pemetrexed causes myelosup
pression. The most common adverse events were neu
tropenia, fatigue, leukopenia, nausea, dyspnea, and 
vomiting. 

On February 4, 2004, pemetrexed was approved by 
the FDA in combination with cisplatin for the treatment 
of patients with malignant pleural mesothelioma whose 
disease is unresectable or who are otherwise not candi
dates for curative surgery. The recommended dose of 
pemetrexed is 500 mglm2 administered as an i.v. infu
sion over 10 minutes on day 1 of each 21-day cycle 
together with cisplatin at a dose of 75 mglm2 infused 
over 2 hours beginning 30 minutes after the pemetrexed 
infusion. Patients must receive oral folic acid and vita
min 8 12 injections prior to the start of therapy and con
tinue these during therapy to reduce severe toxicities. 
Patients should also receive corticosteroids with 
chemotherapy to reduce the risk of skin rashes. 
Approval was based on superior survival as a clinical 
benefit. The Oncologist 2004;9:482-488 

Correspondence: Maitreyee Hazarika, MD., U.S. Food and Drug Administration, HFD-150, 5600 Fishers Lane, Rockville, 
Maryland 20857, USA. Telephone: 301-594-2473; Fax: 301-594-0499; e-mail: HazarikaM@cder/da.gov Received June 
8, 2004; accepted for publication July 20, 2004. ©AlphaMed Press 1083-7159120041$12.0010 
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INTRODUCTION 

Malignant mesotheliomas arise primarily from the sur

face serosal cells of the pleural, peritoneal, and pericardia! 
cavities and are highly aggressive neoplasms. The etiology of 

malignant mesothelioma is primarily exposure to asbestos 
fibers (I). Simian virus 40 has also been implicated in the eti
ology (2]. Malignant pleural mesothclioma (MPM) most typ

ically develops 20-50 or more years after the first documented 

asbestos exposure, commonly in the fifth to seventh decade 

of life. With median survival durations of I0-17 months 
from onset of symptoms and 9-13 months from diagnosis. 
the prognosis is poor for patients with these neoplasms. 

Although the Cancer Committee of the College of 
American Pathologists provides a protocol for the examina

tion of specimens from patients with MPMs, histological 
diagnosis remains difficult (3]. Earlier staging systems were 

not uniform. and the International Mesothelioma Interest 
Group Staging System (IMIG) updated several earlier stag

ing systems after taking into consideration information 
about the impact of tumor (T) and nodal (N) status on sur

vival [ 4]. Evaluations with two series of patients validated 

the staging system [5, 6]. 
Surgical resection of MPM is possible in only a minority 

of patients. Fewer than 15% of these patients live beyond 
5 years [6, 7]. Curative radiotherapy, although available, is 

limited by the tumor volume to be treated and by toxicities to 

slllTOunding normal tissue (8). Chemotherapy with single 
agents, such as doxorubicin (Adriamycinqp; Bedford Labora

tories; Bedford, OH), metholrexate with rescue, 5-az.acyta

dine, 5-fluorouracil, cisplatin (Platinol*; Bristol-Myers 
Squibb; Princeton, NJ), and gemcitabine (Gernzafl'; Eli Lilly; 

Indianapolis, IN), appears to have limited activity [9-11). 
Combination chemotherapy regimens have shown response 
rates that range from 0%-48%, with the highest reported for 

cisplatin and gemcitabine (48% in 21 patients) [12, 13]. None 

of the single or combination chemotherapy regimens provide 
a survival benefit. 

A New Drug Application for a first-line indication for 
pemetrexed (LY231514; MTA; Alimta~; Eli Lilly and 

Company; lndianapolis, IN) for patients with MPM not can

didates for surgical resection was submitted to the U.S. Food 
and Drug Administration (FDA) in October 2002. At the 

time of the submission, there were no FDA-approved drugs 

for MPM. Response rate was originally proposed by the 

applicant as the primary end point for the randomized study, 

as they believed that unidimensional measurements were suf
ficient to provide information on response. Due to uncer
tainty about the application of unidimensional measurements 

of pleural rind for response assessments and uncertainty 

regarding the relationship of response to clinical benefit, the 
FDA required survival as the primary end point. 

Drug Approval Summaries 
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Figure I. Chemial structun of pemetrexed (pemetrexed sodium). 

BACKGROUND 

Pemetrexed (pemetrexed disodium) (L-glutamic acid, 

N-[ 4-[2-(2-amino-4 ,7-dihydro-4-oxo- l H-pyrroloL2.3-d) 
pyrimidin-5-yl) ethyl] benzoyl]-. disodium salt) is a struc
turally novel antifolate that possesses the unique 6-5 fused 
pyrrolo [2.3-d) pyrimidine nucleus (Fig. 1). It is trans

ported into cells by both the reduced folate carrier and 

membrane folate-binding protein transport systems. It was 
found to be one of the best substrates for the folylpoly
gamma-glutamate synthetase [14). Polyglutamation and 

polyglutamated metabolites of pemetrexed are believed to 

have a role in the selectivity and antitumor activity of this 
agent. The polyglutamated forms have a greater affinity for 

thymidylate synthase and glycinamide ribonucleotide 
formyltransferase (GARFf) than pemetrexed monogluta
mate. They inhibit thymidylate synthase, GARFI', and 

dihydrofolate reduccase, all folate-dependent enzymes 

involved in the de novo biosynthesis of thymidine and 
purine nucleotides (Fig. 2). 

Pemetrexed is primarily eliminated in the urine, with 

70%-90% of the dose recovered as unchanged parent drug 
within the first 24 hours. It is not metabolized to any appre
ciable extent. It does not inhibit the cytochrome P-450 (CYP) 

isoenzymes CYP3A4, CYP2D6, CYPl A2, or CYP2C9. The 

terminal half-life from plasma is 3 5 hours in patients with 
normal renal function. It is approximately 81 % bound to 

plasma proteins. Total plasma clearance of pemetrexed 

Figure 2. lnhibilion of mullipkfolaJe-requiring enzymes by peme
treud and its polygluramaJes. 
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decreases as renal function decreases. There have been no 

phannacokinetic evaluations in patients with third-space 

accumulations. 

PHASE ID STUDY 
Patients with histologically confirmed MPMs who were 

not candidates for curative surgery were enrolled and were 

randomized equally between the two treatment anns of peme

trexed plus cisplatin and cisplatin alone. Clinical staging was 
done using the IMIG staging criteria. Patients were entered and 

randomly assigned to a treatment arm based on local pathol
ogy; independent centralized pathology review was ~arried out 
on patients only when feasible. Eligibility criteria required the 

presence of unidimensionally and/or bidimensionally measur
able disease. Patients were excluded if they had received prior 
systemic chemotherapy. intracavitary cytotoxic drugs, or 

immunomodulators. The primary end point was survival. The 

results of the phase m trial were previously reported [15]. 
Between May 1999 and November 2001, 456 patients 

were considered eligible for the trial, and they constituted 

484 

the intent-to-treat population. Of these, 448 patients were 

treated and were considered assessable for efficacy and tox

icity analyses: 226 patients in the pemetrexed plus cisplatin 

arm and 222 patients in the cisplatin alone arm. The primary 

safety analysis was performed on a subset of patients 'who 
had received supplementation with folic acid and vitamin 8 12 

injections: 168 patients on the pemetrexed plus cisplatin ann 
and 163 patients on the cisplatin alone arm. The patients 
were predominantly male, Caucasian, with good performance 

status scores (fable l). Median age was 61 years (range 19-

85 years). In the pathologically confirmed mesothelioma 
patients, 85% had epithelial histologies. In confirmed 
mesothelioma pathology patients, 78% had stage Ill or stage 
IV disease. In the randomized and treated population, 7.5% 

of patients had received prior chemotherapy for the purpose 
of pleurodesis. while 9.7% had received prior radiotherapy 

that had concluded at least 4 weeks before enrollment. 
Jn the pemetrexed plus cisplatin treatment ann, pcme

trexed was administered at a dose of 500 mg/m2 diluted in 

approximately JOO ml of normal saline as a 10-minute i.v. 

Randomized and treated patients FuUy supplemented patients 

Patient charaderistic Pemetrexed + cisplalin Cisplatin Pemetrexed + cisplatin Cisplatin 
(11=226) (n = 222) {n = 168) (n = 163) 

Age (years) 
Median (range) 61 (29-85) 60 (19-84) 60 {29-85) 60 (19-82) 

Gender(%) 
Male 184 (81.4) 181 (81.5) 136 (81.0) 134 (82.2) 
Female 42 (18.6) 41 (18.5) 32 (19.0} 29(17.8) 

Origin(%) 
Caucasian 204 (903) 206(92.8) 150(893) 153 (93.9) 
Hispanic 11 (4.9) 12 (5.4) IO (6.0) 7 (4.3) 
Asian IO (4.4} 4 (1.9) 7 (42) 3 (1.8) 
African descent I (0.4) 0 I (0.6) 0 

Stage at entry ( % ) 
I 16 (7.l) 14 (6J) 15 (8.9) 12(7.4) 
D 35 (15.6) 33 (15.0) 27 (161) 27 (16.8) 
III 73 (32.4) 68 (30.6) 51 (305) 49 (30.4) 
IV IOI (44.9) 105 (47.2) 74 (443) 73 (45.3) 
Unspecified I (0.4) 2 (0.9) 1 (0.6) 2(12) 

Diagoosisllmtology" (%) 
Epithelial 154 (68.1) 152 (68.5) 117 (69.6) 113 (69.3) 
Milted 37 (16.4) 36 (16.2) 25 {14.9) 25 (15.3) 
Sarcomatoid 18 (8.0) 25 (11.3) 14(83) 17 (10.4) 
Other 17 (7 .5) 9 (4.1) 12 (7.1) 8 (4.9) 

Baseline KPS score l % ) 
70-80 109 (48.2) 97 (43.7) 83 (49.4) 69(42.3) 
90-100 117 (51.8) 125 (56.3) 85 (50.6) 94 (57.7) 

'Only 67% of the patients had the histologic diagnosis of malignant mesothelioma confirmed by independent review. 

hKamofsky perfonnance scale. 
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infusion followed by the administration of cisplatin 30 min

utes later at a dose of 75 mg/m2 over 2 hours. In the cisplatin 

alone treatment arm, approximately 100 ml of normal saline 

were given as an i. v. infusion over approximately I 0 minutes 

followed 30 minutes later by the same dose of cisplatin as 
used in the alternate treatment ann. 

Folic acid and vitamin 8 12 supplements were intro

duced into the trial for safety reasons. The sponsor initiated 

a multivariate analysis in 1997 to assess the relationships 

between vitamin metabolites, drug exposure, and other 

baseline patient characteristics and toxicity following ther

apy with pemetrexed [16]. It was concluded that toxicity 

from pemetrexed therapy appeared to be higher in patients 

with elevated pretherapy homocysteine levels and that ele

vated baseline homocysteine levels correlated with severe 

toxicities, such as febrile neutropenia, grade 4 neutropenia, 

thrombocytopenia. and diarrhea. As a result, vitamin sup

plementation was given to patients in both treatment arms 

to preserve blinding. Folic acid (350-1,000 µg daily) was 

given orally, daily starting 7 days before the first dose of 

chemotherapy and was continued while the patient was on 

therapy and for 21 days after cessation of therapy. Vitamin 

8 1 ~ injections (1,000 µg i.m.) were started I week before 

the first dose of chemotherapy and were repeated every 3 
cycles while the patient was on therapy. 

Patients were also given dexamethasone the day before, 

the day of, and the day after chemotherapy administration 

to reduce the risk of skin rashes. Dexamethasone was given 

to all patients in both arms. 

RANDOMIZED CLINICAL TRIAL RESULTS 

Methods 
The pemetrexed marketing application was based on a 

single. randomized, single-blind, phase m, multicenter 

study that included 88 principal investigators who enrolled 

574 patients in 20 countries. 

Although the intent-to-treat population numbered 456 

patients. the applicant's efficacy claim was based on the 

448 patients in the randomized and treated population. The 

primary analysis was a comparison of survival times 

between the two treatment anns in the randomized and 

treated group. Differences were assessed using a two-sided 

log-rank test. A planned interim analysis was conducted 

and presented to the Data Safety Monitoring Board. 

Because of this interim analysis, the final comparison of 

survival was tested at the ex= 0.0476 level. 

Survival 

In the 448 randomized and treated patients, the survival 

time for patients treated with pemetrexed plus cisplatin was 

Drug Approval Summaries 

longer than the survival time for patients treated with cisplatin 

alone-median 12.1 months versus 9.3 months (p ::::: 0.021, 

haz.ard ration [HR) ""0.77. 95% confidence interval [CI] of HR 

= 0.61-0.96) (fable 2). In the subgroup of the fully folic acid

and vitamin B1rsupplemented patients (n = 331), the median 

survival times for patients treated with pemetrexed plus cis
platin and cisplatin alone were 13.3 months and IO months, 

respectively (p=0.051, HR =0.76, 95% CI of HR =057-1.0). 

Since only 67% of the randomized and treated patients 

had the diagnosis of mesothelioma confirmed by independent 

review. the FDA conducted an independent survival analysis 

on the pathologically confirmed mesothelioma subset. In the 

randomized and treated patients (n = 303), the median sur

vival times for patients treated with pemetrexed plus cisplatin 

and cisplatin alone were 13 months and 10.2 months, respec
tively (p = 0.066). In the subgroup of the fully folic acid- and 

vitamin B 1~-supplemented patients (11 = 220) that were path~ 

logically confinned, the median survival times for patients 

treated with pemetrexed plus cisplatin and cisplatin alone 

were 14.4 months and 10.3 months. respectively (p = 0.058). 

The FDA also found the intent-to-treat analysis (with 

the inclusion of the eight patients, i.e., n::;: 456) comparable 

with the randomized and treated analysis (n = 448) of sur

vival.Kaplan-Meier survival curves for the randomized and 

treated group are shown in Figure 3. 

Safety 
The primary safety analysis was done on the fully vita

min-supplemented subgroup, which consisted of 168 patients 

on the pemetrexed plus cisplatin ann and 163 on the cisplatin 

alone ann. 
Neutropenia (24.4%), fatigue (17.3%), leukopenia 

(15.5%), nausea (11.9%), dyspnea (11.3%), and vomiting 

(10.7%) were the most commonly reported grade 3 and 4 

adverse events (fable 3). Febrile neutropenia and neutropenic 

se.psis were relatively infrequent. The incidences of grade 3 

0.8 
g> 0.7 
·- 0.6 
-~ 0.5 
~ 0.4 
c 
-~ 0.3 
&. 0.2 
E 0.1 

Q. 0.0 
..0.1...._~~~~~~~~~~~~~~~ 

5 10 15 20 25 30 
Survival time (months) 

p : 0.021, log rank, lwo-slded; HR : 0. 77 

Figure J. Kaplan-Meier survival curves for all randomiud tnated 
pa!Unts. 
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Adverse Events Pemetrexed + ci.splatin Cisplatin 
n = 168 n= 163 

All grades ( % ) Grades 3 and 4 (%) AU grades(%) Grades 3 and 4 {'i"o) 

Laboratory 
Hematologic 

Neurmpenia 57.1 24.4 13.S 3.1 
Leukopenia 54.8 155 18.4 0.6 
Anemia 33.9 6.0 14.7 0.6 
Thrombocytopenia 26.2 5.4 92 0.0 

Renal 
Crealinine 155 0.6 11.0 1.2 
Renal Failure 2.4 0.0 11 0.0 

Hepatic 
SGOT(AST) 83 0.0 6.1 0.6 
SGPT (ALT) 6.0 0.0 10.4 0.6 

Clinical 
Comt.itutiooal Symptoms 

Fatigue 81.5 17.3 
Fever 17.3 0.0 

c 
0 
~ 

73.6 12.9 ts 
0 

8.6 OD .. 
0 

Other conslitulional symptoms I0.7 2.4 SD 12 .. 
0 

Gastrointestinal 
Nausea 845 11.9 
Vomiting 58.9 10.7 

a 
785 55 3 

SQ.9 4.3 ~ 
Constipation 46.4 3.6 405 0.6 ;E 
Anorexia 35.I 2.4 27.0 0.6 -::> 
Stomati1is/pharyngitis 28.0 3.0 
Diarrhea wilhou1 colostomy 25.6 3.6 
Dysphagia, esophag.itis, odynophagia 6.0 11 
Other gastroinrestinal symptoms 19.6 1.8 

8.0 0.0 .. c 
15.3 0.6 i'l 
S.5 0.0 0 

c 16.0 0.6 IJQ 

5 
Cardiovascular 

Hypenension 26.2 11.3 

..., 
0 

34.4 17.8 3 
Edema 14.J 12 
Thrombosis/embolism 7.1 6.0 

15.3 2.5 0 

3.7 3.7 
'< 
0 

= 
Pulmonary 

Dyspnea 655 11.3 
Pleurilic pain 173 1.8 

.. .. 
631 92 = = 
19.0 4.9 ~ 

Cough 38.1 0.6 37.4 1.2 --Other pulmonary symptoms 20.2 3.0 19.0 2.5 "-c: c: 
Pain °' 

Tumor pain 18.5 4.8 14.7 4.3 
Chest pain 40.S 8.3 30.7 6.7 
Other pain 155 3.0 25.8 43 

Neurology 
Neuropathy-sensory 17.3 0.0 14.7 0.6 
Mood alteration-depression 13.7 1.2 9.2 11 
Mood alteration-anxiety agitation 13.1 0.6 8.6 0.0 

Infection/febrile oeutropeoia 
Infection without neutropenia 12.5 2.4 43 0.0. 
Infection wilh grade 3 or 4 neutropenia 6.0 0.6 3.7 0.0 
Infeclion/febrile neutropenia-other 3.0 1.2 1.8 0.0 
Febrile neutropenia 0.6 0.6 0.6 0.0 

Dermatology/skin 
Rash/desquamation 22.0 0.6 9.8 0.0 

Immune 
Allergic reaction/hypersensitivity 2.4 0.0 0.6 0.0 

Abbreviations: SGOT (AST) = serum glutamic-0xaloace1ic transaminase (aspartale aminotransferase): SGPT (ALT) = serum glmamic-pyruvic 
transaminase (alanine aminotransferase). 
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Randomized and treated patients Fully supplemented patients 

Efficacy parameter 

Median overall survival 

(95%CI} 

Hazard ratio 

Log rank p value' 

Percent censored 

•fog rank, two-sided. 

Pemetrexed + cisplatin 
(n = 226) 

12.1 months 

(10.0. 14.4) 

35.8 

0.77 

0.021 

and 4 anemia and thrombocytopenia were 6% and 5.4%, 

respectively, in patients on the pemetrexcd plus cisplatin 

arm (fable 4). The most common clinical cause of dose 

delay in both anns was neutropenia, followed by reduced 
creatinine clearance. leukopenia, anemia. stomatitis, and 

infection. Cycle 4 was the cycle of therapy with the most 

clinical delays in both treatment arms. 
Toxicities were higher in the pemetrexed plus cisplatin ann 

than in the cisplatin alone ann. Severe toxicities were reduced 

with the use of folic acid and vitamin B 1 ~ supplementation. 

DISCUSSION 

In a single, randomized, single-blind trial, the combina

tion of pemetrexed and cisplatin, compared with cisplatin 

alone, showed a statistically significant longer overall sur

vival in MPM patients. Pemetrexed plus cisplatin is the first 

rreatment for MPM to demonstrate a survival benefit. The 

trial was changed while ongoing, and supplementation with 

folic acid and vitamin B12 was added. 
Although a single trial, a large number of independent 

investigators from multiple international centers contributed 

data to the trial, and there was a substantial increment in sur
vival of 3 months. The efficacy of pemetrexed was sup

ported by an improvement in pulmonary function tests. 

Survival analyses in all intent-to-treat patients and in the 

randomized and treated patients both favored the pemetrexed 

plus cisplatin group at a statistically significant level. Survival 

analyses in the fully vitamin-supplemented subgroup and in 

the subgroup with a confirmed histologic diagnosis of 

MPM also favored the pemetrexed plus cisplatin group at a 

borderline statistical significance level. 

Similar to the approved label of pemetrexed, numerical 

values for response rate are not mentioned in the body of 

this article. As anticipated prior to the study, there was con

siderable discrepancy in tumor response evaluations among 

the study investigators, the study independent reviewers, 

and the FDA reviewers. The FDA review of the submitted 

images could confirm tumor response in only 47 of the 94 

Cisplatin 
(n = 22?) 

93 months 

(7.8. 10.7) 

28.4 

Adverse 
event 

Decreased neutrophils 

f3tigue 

Leukopenia 

Nausea 

Dyspnea 

Vomiting 

Pernelrexed + cisplalin 
(n = 168) 

133 months 

(11.4. 14.9) 

435 

Pemetrexed 
+ cisplatin ( 'll>) 

n = 168 

24.4 

17-1 

15.5 

IL9 

11.3 

10.7 

0.76 

0.051 

Cisplatin 
(n = 163) 

IO.O months 

(8.4. 11.9) 

36.8 

Cisplatln 
(%) 

n= 163 

3.1 

12.9 

0.6 
jj 

91 
4.3 

patients in the pemetrexed plus cisplatin treabnent group 

for whom the applicant claimed a rumor response. 

Although tumor response rate appeared higher in the peme

trexed plus cisplatin treatment group, the exact numbers are 
very uncertain. 

Following therapy with pemetrexed, toxicities appeared to 

be higher in patients with elevated pretherapy homocysteine 
levels. Elevated baseline homocysteine levels (2::10 pmol/I) 

highly correlated with severe hematological and nonhemato

logical toxicities. Thus. every patient since December 1999 

treated in the trial with pemettexed was supplemented with 

folic acid and vitamin 8 12 to improve patient safety. 

In patients treated with the combination therapy with full 

vitamin supplementation, the common adverse events were 

neutropenia, fatigue, lcukopenia, nausea, vomiting, and dysp

nea. In comparison with the nonsupplemented subgroup of 

patients, toxicities were reduced by folate and vitamin 8 12 sup

plementation. Despite supplementation, the combination of 

pemetrexed and cisplatin produces a high degree of toxicity. 

For MPM, the recommended dose of pemetrexed is 500 

mg/m2 administered as an i.v. infusion over 10 minutes on day 

1 of each 21-<fay cycle followed by cisplatin at a dose of 75 

mg/m2 infused over 2 hours beginning 30 minutes after the 

pemetrexed infusion. Folic acid (350-1.000 µ g daily) orally, 

daily must be started l-3 weeks before the first dose of 

g 
c 
:::> 
n 
0 
0 

°"' 1!i n 
0 
3 
~ 
0 = 

j 

Sandoz Inc. 
Exhibit 1002-00633 

Teva 
Exhibit 1002-00633

Teva – Fresenius 
Exhibit 1002-00633



.. J 

_, 

\ 
I 

Hll7.arika. White. Johnson et al. 

chemotherapy and continued while the patient is on therapy. 

Vitamin 8 12 (1,000 µg im.) injections must be started 1-3 
weeks before the first dose of chemotherapy and repeated 

every 9 weeks while lhe patient is on therapy. Patients should 

also be given dexamethasone on the day before chemotherapy 
for a total of 3 days to reduce the risk of skin rash. 

On February 4, 2004, the FDA approved pemetrexed 

for use in combination with cisplatin for the treatment of 
MPM in patients whose disease is either unresectable or 
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who are not otherwise candidates for curative surgery. 

Approval was based on a longer survival lime for patienls 
treated with pemetrexed plus cisplatin than for those treated 

with cisplatin alone. 
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Summary ID# 2258 

Clinical Study Summary: Study H3E-MC-JMCH 

Title of Study: A Single-blind Randomized Phase 3 Trial of ALIMT A (pemetrexed) plus Cisplatin versus 
Cis latin Alone in Patients with Mali nant Pleural Mesothelioma 

ment: 3 
Objectives: 
Primary: To compare survival in chemonaive patients with malignant pleural mesothelioma (MPM) when 
treated with pemetrexed plus cisplatin combination therapy with survival in the same patient population 
when treated with cisplatin alone. 

Secondary: To compare between the two treatment arms: (1) time-to-event efficacy measures. including: 
a} duration of response for responding patients, b) time to progressive disease (TfPD). c) time to treatment 
failure (TITF); (2) tumor response rate; (3) clinical benefit (CB) response rate; (4) Lung Cancer Symptom 
Scale (LCSS) patient and observer scores; (5) pulmonary function tests (PFTs); (6) lung density; 
(7) relative toxicities; (8) to assess the impact offolic acid and vitamin B 12 supplementation on toxicity; 
9 hannacokinetics PK ; IO information re ardin vitamin metabolite status in this atient o ulation. 

A total of574 patients were entered into the study; 456 of these patients were randomized to a treatment 
arm; 448 of these patients were treated and constitute the randomized and treated (RT) population. 
Pemetrexed plus cisplatin: Total: 226, Male: 184, Female: 42 
Fully Supplemented (FS): 168, Partially Supplemented (PS) or Never Supplemented (NS): 58 
Cisplatin alone: Total: 222, Male: 181, Female: 41 
Full Su lemented S : 163; Partiall Su lemented S or Never Su 
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CT Registry ID# 2258 Page2 

Diagnosis and Main Criteria for Inclusion: 
• MPM confirmed by histologic evaluation 
• patients who were not candidates for curative surgery 
• patients who had unidimensionally or bidimensionally measurable disease or both 
• patients could have undergone pleurodesis if there was a 2-week delay before the administration 

of study drug 
• performance status of~70 on the Kamofsky performance status (KPS) scale, after palliative 

measures that included pleural drainage had taken place 
• estimated life expectancy of at least 12 weeks 
• patient compliance and geographic proximity that allowed adequate follow-up 
• adequate organ function that included the following: 

o adequate bone marrow reserve: absolute neutrophil count (ANC) ~ 1.5 x l 09/L, platelet 
count ~100 x 109/L, and hemoglobin ~9 g/dL 

o hepatic: bilirubin :51 .5 times the upper limit of normal, alkaline phosphatase (ALP), 
aspartate transaminase (AST), and alanine transaminase (ALT) :">3.0 times the upper limit 
of normal (ALP, AST, ALT ~5 times the upper limit of normal was acceptable ifthere 
was tumor involvement in the liver). Albumin ~.5 g/dL 

o renal: calculated creatinine clearance (CrCl) ~45 mL/min by using the lean body mass 
formula only 

• signed informed consent from the patient 
• male and female patients at least 18 yearN of age 
• male and female patients with reproductive potential were required to use an approved 

contraceptive meth~ during the time of and for 3 months after their participation in the study 
ended. 

Test Product, Dose, and Mode of Administration: 
Pemetrexed plus cisplatin treatment arm: pemetrexed was administered at the dose of 500 mglm2 as a 
l 0-minute intravenous infusion, diluted in approximately 100 mL normal saline. Approximately 
30 minutes after the administration of pemetrexed, cisplatin was administered at the dose of 75 mglm2 over 
2 hours. Both drugs were administered on Day l of a 21-day period. This 21-day period defined one cycle 
of therapy. 

Single-agent cisplatin treatment arm: approximately 100 mL normal saline was given as an intravenous 
infusion over approximately 10 minutes. Approximately 30 minutes after the administration of normal 
saline, cisplatin was administered at 7 5 mglm2 over 2 hours on Day I of a 21-day period. This 21-day 
period defined one cycle of therapy. 
Both treatment arms: 

• Dexamethasone, 4 mg (or an equivalent corticosteroid), was to be taken by all enrolled patients 
orally twice a day (BID) l day before, on the day of, and 1 day after each dose of pemetrexed, for 
primary prophylaxis against rash. 

• Folic acid and vitamin B12 for supplementation were a standard component of therapy for all 
patients participating in the study from 02December1999 onward. Folic acid, 350 µg to 
1000 µg, was to be taken oraJly daily, beginning approximately 1 to 3 weeks before the first dose 
of therapy and continued daily for 1 to 3 weeks after the patient discontinued treatment. A 
vitamin B 12 injection, 1000 µg, was to be administered intramuscularly approximately 
1 to 3 weeks before the first dose of therapy and should have been repeated approximately every 
9 weeks until the patient discontinued study therapy. 

• Pre- and posthydration for cisplatin was administered according to institutional guidelines. 

Pemetrexed Approved: 15 November 2004 
Copyright© 2004 Eli Lilly and Company. All rights reserved. 

Sandoz Inc. 
Exhibit 1002-00639 

Teva 
Exhibit 1002-00639

Teva – Fresenius 
Exhibit 1002-00639



. ) 

) 

CT Registry ID# 2258 Page 3 

Duration of Treatment: For the purposes of treating this patient population, a regimeri ofpemetrexed 
olus cisolatin or sin1zle-a2ent cisolatin was defined as six cycles oftheraov. 
Variables: 
Efficacy- Survival and Time-to-Events: 
All patients in the RT population were included in the analyses of survival and other time-to-event 
measures. 
Efficacy - Tumor Response: 
Enrolled patients who met the following criteria were included in the analyses of tumor response rate: 

• histologic diagnosis of MPM 
• no prior systemic chemotherapy 
• no concurrent systemic chemotherapy or radiotherapy 
• presence ofunidimensionally or bidimensionally measurable disease or both 
• treatment with at least one dose of pemetrexed and cisplatin (Arm A) or one dose of cisplatin 

(Arm B). 
Efficacy- Clinical Benefit Response 
Patients in the RT·population who met at least one of the following criteria., and who had at least one 
baseline and postbaseline measurement were included in the CB response analysis: 

• presence ofMPM-related pain intensity at baseline as reflected by a score of2:10 mm on a 
I 00-nun visual analog scale (VAS) 

• presence ofMPM-related dyspnea at baseline as reflected by a score of<:::IO mm on a 100-mm. 
VAS 

• analgesic consumption at baseline of2:10 mg morphine equivalents per day for MPM-related pain, 
and daily consumption within 50% of average baseline consumption. 

Efficacy - LCSS. PFfs. Lung Densitv: 
Enrolled patients who had at least one baseline and postbaseline measurement were included in the 
following analyses: 

• LCSS 
• PFTs 
• lung density measurements. 

Safety: All patients who received at least one dose of pemetrexed or cisplatin (Arm A) or one dose of 
cisplatin (Arm B) were evaluated for safety by assessments of exposure to study drug, treatment-emergent 
adverse events, serious adverse events, CTC (Version 2) toxicities for both laboratory and nonlaboratory 
values, and blood transfusions. 
Pharmacokinetics: Pharmacokinetic parameters determined from plasma concentration versus time data 
included: total systemic clearance (CL), central volume of distribution (V1), intercompartmental clearance 
(Q), and peripheral volume of distribution (V.,). 

Pemetrexed Approved: 15 November 2004 
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Evaluation Methods: 
Efficacy: The primary analysis was comparison of survival time between the study arms in the RT 
population. Differences were assessed using a two-sided log rank test. Because an interim analysis was 
conducted (resulting in a decision to continue the trial to planned completion), the comparison of survival 
was tested at the a=0.0476 level. Comparison of survival was also tested using the Wilcoxon test. 

Key secondary analyses were conducted to assess the impact of supplementation on survival in the 
pemetrexed/cisplatin (pem/cis) ann. The Kaplan-Meier {K-M) subgroup analyses of survival were 
conducted on FS and on PS+NS patients. Also, survival time was analyzed with a Cox proportional 
hazards model including treatment ann, supplementation group, and the treatment-by-supplementation 
interaction. The interaction term was evaluated to assess the impact of supplementation on the survival 
benefit associated with pem/cis. 

Other time-to-event measures were analyzed by using the same method as described for survival time. 
Comparisons of the tumor response rates between the two treatment arms (in the RT, FS, and PS+NS 
populations) were made by using the Fishers exact (FE) test with 95% CI calculated using the method of 
Leemis and Trivedi. Tumor response was also analyzed with a logistic regression model including 
treatment arm, supplementation group, and the treatment-by-supplementation interaction. The interaction 
term was evaluated to assess the impact of supplementation on the survival benefit associated with 
pem/cis. 
Time-to-event and tumor response measures were also analyzed to assess the effect of potential prognostic 
factors. Subgroup analyses were conducted on statistically significant factors (p<0.05). 

Repeated measures analyses were conducted on LCSS patient scale and PFT parameters by using linear 
mixed models. Clinical benefit response was analyzed by using the FE test. 

Safetv: Adverse events and CTC toxicities were analyzed using the FE test. Between-treatment arm 
comparisons were made in the RT. FS, PS+NS, and NS populations. Within the pem/cis arm, comparisons 
were made between the FS and PS+NS subpopulation and between the FS and NS subpopulations. All 
parameters were analyzed as percent of patients. Selected CTC toxicities were also analyzed as a percent 
of cycles. 

Pharmacokinetics: Blood samples were collected for phannacokinetic (PK) analysis from the first and 
third cycles of therapy. The concentrations ofpemetrexed in plasma were measured using a validated 
LC/ESl/MS/MS method. Plasma samples were analyzed for total platinum administered as cisplatin (II) 
using a validated atomic absorption with a tube atomizer method. Pemetrexed plasma concentration-time 
data from the cWTent study were combined with a large reference dataset containing data from 8 Phase 2 
single-agent pemetrexed studies. The PK analysis of plasma pemetrexed and cisplatin concentration-time 
data and PK comparisons were performed using population phannacokinetic methods by means of the 
nonlinear mixed-effects modeling program, NONMEM. A reduction in the minimum objective function 
of>3.841 (with I df, p<0.05) was considered statistically significant. 
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Summary: 

Of 574 patients who signed informed consent, 456 were considered to have fulfilled 
eligibility criteria for study enrollment. Of these, 448 patients received at least one 
course of study drug; 226 patients were allocated to receive pem/cis, and 222 were 
randomized to receive cisplatin alone. Reasons why 8 randomized patients did not 
receive study drug included patient decision (4), inclusion criteria not met (2), 
uncontrolled hypertension (1 ), and death from mesothelioma (1 ). 

The treatment groups were well balanced in basic characteristics including gender, age, 
and ethnic origin (Table 1). Factors considered of potential prognostic significance were 
also well balanced as most were inco1porated into the a priori stratification scheme. 

Table 1. Patient Characteristics and Key Prognostic Factors 
RT Population 
H3E-MC-JMCH 

Randomized and Treated 
(N=448) 

Pemetrexed/Cisplatin Cisplatio 
Characteristic/Prognostic Factor (N=226) (N=222) 
Gender 

Male 81.4% 81.5% 
Female 18.6% 18.5 

Aee (years) 
Median 61 60 
Minimum 29 19 
Maximum 85 84 

Ethnic orilrin 
Caucasian 90.3% 92.8% 
Hispanic 4.9% 5.4% 
Asianl 4.4% 1.9% 
African 0.4% 0 

Performance Status lKPS go) 48.2% 43.7% 
Staae III/IV 77.3% 78.6% 
Histologic Subtype: Epithelial 68.1% 68.5% 

Abbreviations: K.PS = Kamofsky performance status; RT= randomized and treated. 
I Western and East/Southeast Asian have been combined. 

Prior therapy included prior radiation therapy (pem/cis 9.7% versus cisplatin alone 
14.0%) and prior chemotherapy as intrapleural therapy for pleurodesis (pem/cis 7.5% 
versus cisplatin alone 5.0%). 

Completion of six cycles of treatment was achieved in 53. l % of pem/cis treated patients 
compared with 40. l % of those treated with cisplatin alone. The most common reasons 

Pemetrexed Approved: 15 November 2004 
Copyright© 2004 Eli Lilly and Company. All rights reserved. 

Sandoz Inc. 
Exhibit 1002-00642 

Teva 
Exhibit 1002-00642

Teva – Fresenius 
Exhibit 1002-00642



) 

) 

CT Registry ID# 2258 Page6 

for not completing six cycles included unsatisfactory response to treatment (pem/cis 
27.0% versus cisplatin alone 45.5%), one or more adverse events (pem/cis 11.9% versus 
cisplatin alone 8.1 %), patient decision or personal conflict (pem/cis 4.9% versus cisplatin 
alone 5.0%), and satisfactory response as perceived by patient and/or physician (pem/cis 
5.3% versus cisplatin alone 1.9%). 

Results: 

The median number of cycles given in the pem/cis arm was 6.0 cycles (range 1 to 12) 
versus 4.0 cycles (range 1 to 9) in the cisplatin alone ann. Within treatment arms, the 
median cycles delivered were higher for fully supplemented versus never supplemented 
patients for both arms (pem/cis: FS 6.0 versus NS 2.0; cisplatin alone: FS 4.0 versus 
NS 2.0). The dose intensity delivered as a percent of planned dose intensity was 92.4% 
for the pem/cis arm (pem 92.0% and cis 92.8%) versus 96.4% for the cisplatin alone ann; 
this is an indication of the very few doses reduced or omitted in either arm during the 
study. 

The combination of pemetrexed and cisplatin was associated with a statistically 
significant improvement in survival (see Figure 1). Refer to Table 2 for additional 
findings. 
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Table 2. Summary of Results from Efficacy Analyses 
RT Population 
H3E-MC-JMCH 

Randomized and Treated 
lN=448) 

Pemetrexed/Cisplatin Cisplatin 
(N=226l CN=222) Statistics 

Survival 12.1 months 9.3 months HR 0.77, o=0.020 
ITPD 5.7 months 3.9 months HR 0.68. o=0.001 
TITF 4.5 months 2.7 months HR 0.61. o=0.001 
Tumor Resoonse Rate 41.3% 16.7% o<0.001 
Duration of Response 5.8 months 4.7 months HR 0.82. o=0.589 
PFTlmprovemeot 
(as % predicted average change 
from baseline LS Mean over six 
cycles): 

• slow vital capacity 4.80 0.15 p=0.001 
• forced vital capacity 4.03 -0.21 p=0.002 
• forced expiratory volume in 3.77 -1.22 p<0.001 

one second 

Patient LCSS Scores (as change 
from baseline LS Mean for 
Cycle 6) (positive change 
indicates worsening) 
• Fatigue 7.05 12.74 p=0.039 
• Dyspnea 0.17 6.91 p=0.009 
• Pain -1.23 5.80 p=0.009 

CB resoonse rate (hybrid) 21.2% 13.6% o=0.073 

Page7 

Abbreviations: CB = clinical benefit; HR = hazard ratio; LCSS = Lung Cancer Symptom Scale; LS = least 
squares; PFT =pulmonary function test; RT= randomized and treated; TfPD =time to progressive 
disease; TITF = time to treatment failure. 
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Figure 1. Kaplan-Meier estimates of survival for RT population. 

L Y23 l 5 l 4 = pemetrexed. 

Very similar results favoring the pem/cis ann were obtained when comparing the FS 
subgroups between treatment arms. For swvival, the median survival in the pem/cis arm 
was 13.3 versus 10.0 months in the control arm, with an HR of 0. 75, p=0.05 I. The 
median TTPD was 6.1 versus 3.9 months, HR of 0.64, with p= 0.008. Results from the 
other secondary outcomes support these data. Survival, TTPD, TITF, and tumor 
response rate were all numerically superior in the FS subgroup compared with the PS+NS 
subgroup 

A Cox regression analysis of factors that could affect survival and other outcomes and 
thus confound any treatment effect was performed. The best-fit model showed clearly 
that the treatment effect was independent of the presence of these factors; similar results 
were obtained when this model was applied to secondary efficacy outcomes such as 
TTPD, TITF, and response rate. This analysis also showed that partially supplemented 
patients had survival characteristics that were more similar to fully supplemented patients 
than to never supplemented patients. In the subset of the FS+PS patient population, the 
median survival in the pem/cis arm was 13.2 months versus 9.4 months in the cisplatin 
control arm (log-rank p=0.022). 
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Death rates of all causes between treatment arms were similar and were further. reduced 
with the implementation of supplementation. Only one death in the pem/cis arm was 
reported by investigators to be possibly study drug-related (febrile neutropenia); this 
patient was nonsupplemented. Two additional deaths in the pem/cis arm, before the 
addition of supplementation, were thought to be study drug-related in the opinion of the 
Lilly physician. No study drug-related deaths were reported among the pem/cis patients 
in the fully supplemented subgroup. By contrast, there were no study-related deaths in 
the control arm. The frequencies of discontinuations because of adverse events were low 
in both arms. More than half of the discontinuations in both arms were because of 
reduced creatinine clearance, suggesting a common cause as cisplatin. The remaining 
discontinuations thought due to study drugs were distributed over both arms, and each 
had a different cause. 

The frequency of Grade 3 and 4 laboratory toxicity was higher in the pem/cis arm when 
compared with the control arm; however, clinical sequalae such as serious infection or 
dehydration were relatively infrequent (see Table 3). Transfusions were infrequent, and 
colony-stimulating factors and leucovorin were used to reverse established severe 
toxicity. Among the RT population, more patients on the pem/cis arm received 
transfusions compared with those randomized to the cis arm (18.1% versus 7.7%). 

Dose reductions and dose delays were seldom necessary as reflected in a high proportion 
of planned doses delivered for all study drugs (>95% of planned doses were delivered). 
Other laboratory Grade 3 or 4 toxicities were rare, with only three episodes of Grade 4 
toxicity (2 occurrences of decreased creatinihe clearance and 1 occurrence of elevated 
glutamyl transpeptidase [GGT]). 

Grade 3/4 nonlaboratory toxicity was relatively uncommon in both treatment arms (see 
Table 3). Nausea, vomiting, and fatigue were the most commonly reported Grade 3/4 
nonlaboratory toxicities in both treatment arms. Nausea and vomiting were more 
frequent in the pem/cis arm despite the similar frequency of therapy with 5-HT3 
antagonists in the two arms. 
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Table 3. Summary of Maximum CTC Grade 3/4 Toxicity Grades 
RT Population 
H3E-MC-JMCH 

jWf~}?:: ~: /t;;}\~:~~S~~~~~~~~~~ ~?~;~;en::-'.;;,:·_<- :·?\:~;f'.;:{~~0~0f~~~~~:~\te~_::~~;_, .. :.~<~:-;;f}ii~l;~ 
Toxicitv 

,§~~t¢i4GQ~~i-i:\:~f&r:! :J: 
Anemia 
Leukopenia 
Lyrnphopenia 
Neutropenia 
Thrombocytopenia 

¥s~i~tb<ii'Noni'iti8iatw"Ar~~:~;".'.· ~,z· ::;~i/ 
~'I' ... ·--·--· - --"··~-,_;:a-_,., ---""-"""""'·'-"" 

Nausea 
Vomiting 
Fatigue 
Diarrhea 
Dehydration 
Stomatitis 
Anorexia 
Constitutional Symptoms -
Othera 
Febrile Neutropenia 
Infection with G3 or G4 
Neutropenia 
Rash/Desquamation 
Constipation 
Infection without 
Neutropenia 

Pemetrexed/Cispla tin Cisplatin 
(l'l=226) (l'l=222) 

11 (4.9%) 0 
40 (l 7.7) 2 (0.9%) 

1 (0.4) 1 (0.5) 
63 (27.9) 5 (2.3) 
13 (5.8) 0 

33 (14.6%) 14 (6.3%) 
30 (13.3) 8 (3.6) 
23 (10.2) 19 (8.6) 
10 (4.4) 0 
9 (4.0) I (0.5} 
9 (4.0} 0 
5 (2.2) 1 (0.5} 
5 (2.2} 0 

4(1.8) 1 (0.5) 
3 (l.3) 1 (0.5) 

3 (1.3) 0 
2 (0.9) 2 (0.9) 
1 (0.4) 0 

Statistics 

0.001 
<0.001 
NIA 

<0.001 
<0.001 

0.005 
<0.001 
0.628 
0.002 
0.020 
0.004 
0.216 
0.061 

0.372 
0.623 

>0.999 

Abbreviations: CTC =Common Toxicity Criteria; G =grade; NIA= not applicable; RT= randomized and 
treated. 

a Other includes dehydration not coded to GIOS, hypovolemia, abdominal fullness, and worsening of 
general condition. 

Within the pem/cis ann, supplementation resulted overall in less toxicity, including less 
Grade 3/4 toxicity (See Table 4); this was associated with a statistically significant 
increase in the median number of cycles administered in the fully supplemented 
subgroup. The frequencies of treatment-emergent adverse events were uniformly lower 
in the fully supplemented subgroup when compared to the nonsupplemented subgroup; 
some were significantly affected, including neutropenia, anorexia, stomatitis, and skin 
rash. The frequencies of all types of adverse events were also reduced in the fully 
supplemented subgroup. Although Grade 3/4 hematologic toxicities all decreased in the 
fully supplemented subgroup, this decrease was particularly striking for neutropenia and 
leukopenia, with the severe neutropenia rate falling nearly in half from 41 % to 23 %. The · 
incidence of other nonlaboratory toxicities also decreased in the fully supplemented 
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subgroup, including diarrhea. stomatitis, nausea, and vomiting, with significant decrease 
in febrile neutropenia and infection with Grade 3 or 4 neutropenia. Exploratory analyses 
comparing fully supplemented with never supplemented patients showed similar results, 
with those never supplemented patients having the most severe toxicity in all parameters. 

Supplementation was also given in the cisplatin alone arm, allowing similar comparisons 
as in the pem/cis arm. There was a general trend toward fewer treatment-emergent 
adverse events in the fully supplemented subgroup, though the differences were generally 
less than those seen in the pem/cis arm. For serious adverse events, there was no 
discemable trend toward fewer events in the fully supplemented subgroup. The numbers 
of Grade 3 or 4 laboratory or nonlaboratory toxicities were small in this arm, making any 
assessment of trends difficult and unreliable; however, in categories where the event rate 
was higher, there was a suggestion of fewer patients with severe nausea but more patients 
with severe fatigue and vomiting in the fully supplemented subgroup. Given the high 
rate and similar distribution of 5-HT3 antagonist use among the subgroups in this arm, it 
is unclear why this discrepancy in trends should have occurred except for the fact that the 
event rate was small for all of these categories. 

Table 4. Summary of Selected CTC Grade 3/4 Toxicities 
RT Population by Supplementation Status 
H3E-MC-JMCH 

Pemetrexed/ Cisplatin Cisplatin 
FS PS+NS FS PS+NS 

Event Classification (N=l68) (N=58} lN=l63) (N=59) 
G4 Neutroohils 9 (5.4%) 9 (15.5) l (0.6) 0 
G3/4 Diarrhea 6 (3.6) 4 (6.9) 0 0 
G3/4 Stomatitis 5 (3.0) 4 (6.9) 0 0 
G4 Neutronhils + G3/4 Diarrhea 2 (1.2) 3 (5.2) 0 0 
G4 Hematologic+ G3/4 Non-labs 2 (1.2) 3 (5.2) 0 0 
G3/4 Infection 0 3 (5.2) 0 1 ( 1.7) 
G4 Platelet 2 (l.2) l (1.7) 0 0 
G4 Neutrophils + G3/4 Infection 0 l ( 1.7) 0 0 
G4 Neutrophils + G3/4 Stomatitis 0 l ( 1.7) 0 0 
Abbreviations: CTC =Common Toxicity Criteria; FS =fully supplemented; G =grade; NS= never 

supplemented; PS =partially supplemented; RT= randomized and treated. 

Among supplemented patients, homocysteine levels markedly decreased after the 
implementation of supplementation. Methylmalonic acid and cystathionine levels 
resulted in no change due to supplementation. 

Concomitant cisplatin administration did not alter pemetrexed CL (change in the 
minimum objective function [~OF]= -0.523; p>0.05) but was associated with a 30% 
reduction in V1 (.6.MOF = -57.247; p<OOl). Oral folic acid or intramuscular vitamin B12 

administration did not alter pemetrexed CL (.6.MOF = -0.958; p>0.05). Concomitant 
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pemetrexed administration did not significantly alter total platinum CL (ilMOF = 0.506; 
p>0.05). 

Summary of Results: 

This study is the largest Phase 3 randomized trial ever conducted in MPM, and the 
clinical characteristics of the patients represent the typical patient population ofMPM. 
Stage, histological type, and other prognostic factors are similar to those reported in the 
literature, and they were very well balanced between the two arms. This well-powered, 
randomized trial has demonstrated the following: 

• Treatment with pemetrexed/cisplatin was superior to cisplatin 
monotherapy in the randomized and treated population in terms of the 
following endpoints: 

longer survival 

longer time to disease progression 

higher tumor response rates 

improvement in pulmonary function 

improvement in clinically relevant symptoms commonly associated 
with malignant pleural mesothelioma. 

• The superiority of pemetrexed/cisplatin over cisplatin monotherapy was 
maintained when clinically relevant prognostic factors were taken into 
account. 

• The superiority of pemetrexed/cisplatin over cisplatin monotherapy was 
maintained in the fully supplemented subgroup. 

• Folic acid and vitamin B12 supplementation improved the clinical 
outcome regardless of the treatment arm. The advantage was associated 
with more cycles delivered in the fully supplemented subgroups. 

• Pemetrexed combined with cisplatin as specified in this study is associated 
with more toxicity compared to cisplatin alone. This toxicity was mainly 
hematologic with relatively few clinically significant complications such 
as febrile neutropenia, sepsis, or dehydration. 

• Among patients receiving the pemetrexed /cisplatin combination, those 
who received supplementation from the start of therapy experienced less 
laboratory and nonlaboratory toxicity compared with patients who never 
received supplementation or only received it for some of their cycles of 
therapy. 
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• Patients receiving cisplatin alone showed trends toward less toxicity in 
those who received supplementation throughout their study treatment. But 
the event rate in all subgroups was low, making conclusions tenuous. 

• Patients in the fully supplemented subgroups were able to receive 
significantly more cycles of therapy than the nonsupplemented subgroups, 
possibly due to the reduced toxicity associated with supplementation. 
This is also supported by the higher median dose intensity in the fully 
supplemented subgroups compared to the nonsupplemented subgroups in 
the pemetrexed/cisplatin arm. 

• Concomitant cisplatin administration was not associated with an alteration 
in pemetrexed clearance but was associated with a significant reduction 
(30%} in central distribution volume. 

• No significant influence of folic acid or vitamin B 12 administration on 
pemetrexed clearance was identified. 

• The population pharmacokinetics of cisplatin were assessed and found to 
be consistent with those previously reported in the literature. 

• No significant influence of concomitant pemetrexed administration on 
cisplatin clearance was observed . 
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Phase III Study of Pemetrexed in Combination With Cisplatin 
Versus Cisplatin Alone in Patients With Malignant Pleural 

Mesothelioma 

By Nicholas J. Vogelzang, James J. Rusthoven, James Symanowski, Claude Denham, E. Kaukel, Pierre Ruffie, Ulrich Gotzemeier, 
Michael Boyer, Salih Emri, Christian Manegold, Clet Niyikiza, and Paolo Paolelti 

Purpose: Patients with malignant pleural mesothelioma, 
a rapidly progressing malignancy with a median survival 
time of 6 to 9 months, have previously responded poorly to 
chemotherapy. We conducted a phase Ill trial to detennine 
whether natment with pemetrexed and cisplatin results in 
survival time superior to that achieved with cisplatin alone. 

Patients ancl Methods: Chemotherapy-naive patients 
who were not eligible for curative surgery were randomly 
assigned to receive pemetrexed 500 mg/m2 and cisplatin 
75 mg/m2 on day 1, or cisplatin 75 mg/m2 on day 1. Both 
regimens were given intravenously every 21 days. 

Results: A total of 456 patients were assigned: 226 re• 
ceived pemetrexed and cisplatin, 222 received cisplatin 
alone, and eight never received therapy. Median survival time 
in the pemetrexed/cisplatin ann wcu 12.1 months versus 9.3 
months in the control arm (P = .020, two-sided log-rank test). 
1"e ~rd rcatio foe- death of patients in the pemetrexed/ 

M ALIGNANT PLEURAL mesothelioma (MPM) is a lo
cally invasive and rapidly fatal malignancy linked to asbes

tos exposure. Surgical resection is possible in a minority of patients, 
and fewer than 15% of these patients live beyond 5 years. 1•

3 For 
those who are not treated with curative resection, the median 
survival duration when receiving supportive care alone has been 
reported as 6 months,4.s whereas the median survival time of 337 
patients in 11 multicenter chemotherapy trials was 7 months.6 

Treatment with radiation therapy has been equally disappointing, in 
part because of difficulties in irradiating disease while avoiding 
toxicity to normal lung, cardiac, and spinal cord tissues.7 .8 

Numerous single agents, such as cisplatin, doxorubicin, and 
gemcitabine, and drug combinations, such as gemcitabine and 
cisplatin, have been studied in phase II trials.9

•
14 However, 

the strength of this evidence has not supported the standard 
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cisplatin ann versus those in the control ann was 0.77. Me
c:fian t'irne to progression was significantly longer in the pem
etrexed/cispfatin ann: 5.7 months versus 3.9 months (P = 
.00 I). Response rates were 41.30/o in the pemetrexed/ cispla
tin annversus 16.7%in the control ann(P< .0001). After 117 
patients had enrolled, folic acid and vitamin B,2 were added 
to reduce toxicity, resulting in a significant reduction in toxic· 
ities in the pemetrexed/cisplatin ann. 

Conclusion: Treatment with pemetrexed plus cisplatin 
and vitamin supplementation resulted in superior survival 
t'ime, time to progression, and response rates compared 
with treatment with cisplatin alone in patients with malig· 
nant pleural mesothelioma. Addition of folic acid and vita· 
min 8 12 significantly reduced toxicity without adversely 
affecting survival time. 

.J Clin Oncol 21:2636-2644. c 2003 by American 
Society of Clinical On<ology. 

use of chemotherapy. The few published randomized trials in 
MPM have shown negative results, have often been under
powered, and have been associated with median survival 
times of only 6 to 8 months. 15

·•
9 

Recently, pemetrexed, a novel multitargeted antifolate,20 has 
shown modest activity as a single agent in a phase II trial of 
patients with MPM (response rate, 14 .1 %, or nine of 64 
patients).21 Pemetrexed inhibits dihydrofolate reductase, th:ymi
dylate synthase, and glycinamide ribonucleotide formyltrans
ferase, enzymes involved in purine and pyrimidine synthe
sis. 22·23 Pemetrexed enters the cell primarily through the reduced 
folate carrier, and undergoes extensive intracellular polygluta
mation by folylpoly-gamma-glutamate synthetase. The polyglu
tamated forms, retained for long periods within the cell,24 have 
more than 100-fold greater affinity for thymidylate synthase and 
glycinamide ribonucleotide fonnyltransferase than the parent 
drug, pemetrexed monoglutamate.25 In addition to single-agent 
activity, responses were seen in MPM patients in two phase I 
trials ofpemetrexed combined with platinum analogs.26

.2
7 In the 

first study of 40 assessable patients, 11 patients were enrolled 
with a diagnosis of MPM and were given pemetrexed combined 
with cisplatin, at increasing doses of both drugs. Surprisingly, 
five (45%) of 11 patients had a partial response (PR). The 
maximum-tolerated dose over all cycles was established at 
pemetrexed 600 mg/m2 and cisplatin 75 mg/m2

• At this dose, 
seven of 12 patients experience grade 3 or 4 neutropenia., 
whereas eight patients experienced grade 3 or 4 anemia This was in 
contrast to only one of three patients with grade 3 neutropenia or 
grade 4 anemia treated at the recommended phase II dose of 
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PEMETREXED AND OSPLA TIN IN MESOTHEUOMA 

pemetrexed 500 mglm2 and cisplatin 75 mglm2
• The second trial 

enrolled 25 chemotherapy-naive patients with MPM who received 
increasing doses of both pemetrexed and carboplatin; eight patients 
(32%) assessable for response experienced a PR 

Encouraged by these results and by early results of a phase II trial 
of pemetrexed 500 mgfm2 and cisplatin 75 mgfm2 in patients with 
non-small-cell lung cancer showing that the combination at this 
dose was well tolerated, 28 we initiated a large, phase III clinical trial 
to determine whether pemetrexed/cisplatin therapy was associated 
with superior survival dwation compared with cisplatin alone in the 
treatment of patients with MPM. 

PATIENTS AND METHODS 

Patients 

Patients with histologically proven pleural mesothelioma who were not 
candidates for curative surgery were assessed for eligibility. Eligibility 
requiremenlS included uni- or bidimensionally measurable disease, age 2:: 18 
years with life expectancy 2:: 12 weeks, and a Kamofsky performance status 
of 2' 70. Patients were excluded if they had prior chemotherapy, a second 
primary malignancy, or brain metastases, or if they were unable to interrupt 
nonsteroidal anti-inflammatory drugs. 

Study Design 

This study was a multicenter, randomized, single-blind study comparing 
treatment with pemetrexed and cisplatin versus cisplatin alone in MPM 
patients. The primary outcome was swvival. Secondary outcomes reported 
here include time to progressive disease, time to treatment failure, tumor 
response rate, and duration of response. Pulmonary function testing, lung 
density analysis, and quality-0f-life outcomes will be reported in separate 
publications. After informed consent was obtained, eligible patients were 
randomly assigned to arms of pemetrexed and cisplatin or cisplatin alone. Patient 
randomization was balanced for the following baseline factors: treatment center, 
country, pain level at entry, analgesic consumption at entry, dyspnea at entry, 
performance status. degree of measwability of disease, histologic subtype. sex, 
baseline WBC count, and baseline serum homocysteine levels. 

Three treatment-related deaths (7%) were reported among the first 43 
patients randomly assigned to the experimental arm. Severe toxicities (cg, 
grade 4 neutropenia and diarrhea) in other pemetrexed studies were linked to 
high blood levels ofhomocystcine and methylrnalonic acid, at study entry, in 
a large multivariate analysis, suggesting that such toxicity and possibly some 
deaths may be related to reduced folic acid and vitamin 8 12 pools.29 

Therefore, beginning December 2, 1999, folic acid and vitamin 8 12 supple
mentation was required for all patients receiving pemetrexed and for those 
subsequently enrolled in this study. This change resulted in three patient 
subgroups that were defined by supplementation status: (I) never supple
mented patients (NS} completed treatment before the protocol change (ie, 
December 2, 1999); (2) panially supplemented patients (PS) began treatment 
before this date and completed treatment after that date; (3) fully supple
mented patients (FS) began treatment after that date. To ensure adequate 
statistical power of the FS subgroup, the sample size was substantially 
increased (see statistical plan that appears later). 

Treatment 

2637 

day after pemetrexed dosing to reduce the risk of severe sk.in rash. Both vitamin 
supplementation and dcxamethasone were given to patients in both arms to 
maintain patient blinding lo study therapy. Other chemotherapy, immunother
apy, or hormonal therapy was not permitted. Supportive care lherapies were 
allowed per protocol during the study. 

Dose adjustments for hematologic toxicity were based on a stepwise 
reduction schedule. Grade 3 or 4 mucositis, diarrhea requiring hospitaliza
tion, or grade 3 or 4 nonhematologic effects also resulted in dose reduction 
for subsequent doses. Any patient requiring three dose reductions was 
discontinued from the study. Dose delays up to 42 days were permitted for 
recovery from study drug toxicity. Dose escalations were not allowed. 

Assessments During and After Treatment 

Baseline and predosing ~ent included a complete history and physical 
examination, complete blood cell count, calculated creatinine clearance, liver 
enzymes, blood electrolytes, blood albumin, calcium and glucose, and vitamin 
metabolites. Survival was defined as the lime from randomization to the time of 
death from any cause. Patients who were alive on the date of last follow-up were 
censored on that date. T1111e to progressive disease was defined as the time from 
randomization Wltil documented progression or death from any cause. For 
patients without progressive disease at the time or analysis, the date of last 
follow-up was considered right-censored. Duration of tumor response was 
defined as the time from the first objective slatus of a response to the time of 
documented disease progression or death from any cause. Chest imaging was 
performed at least once just before every other treatment while a patient was 
receiving study therapy and approximately every 6 weeks after completion of 
study therapy. Time to treannent lililure was defined as the time fiom random
ization to the date or observed disease progression, death from any C8llSC, or 
early discontinuation of treatment. 

Change in disease was assessed by measuring the thickness of up to three 
involved areas of pleural rind at each of three separate levels at least 2 cm 
apart on computed tomography scan, at baseline, and every other cycle (at 
least one measurement was > 1.5 cm).30 A complete response (CR) was 
defined as complete absence of measurable, nonmeasurable but assessable, 
and unassessable disease with no new lesions and no disease-related 
symptoms. A PR was defined as 2: 50% reduction from baseline of the sum 
of the products or perpendicular diameters or bidimensionally measurable 
disease when only such disease was present, 2: 300/o decrease in the sum of 
the greatest diameters of unidimensionally measurable lesions when only 
such disease was present, or reduction of either type of disease as defined 
above and the other type at least stable when both types were present, with 
nonmeasurable lesions being at least stable, with no new lesions. Any CR or 
PR required confirmation 4 weeks later. Tumor response rate was defined as 
the proportion of patients who experienced either a CR or PR times 100. 
Tumor progression was defined as the appearance or a new or relapsed 
lesion/site, a 50"/o increase in the sum of products or all bidimensionally 
measurable lesions over the smallest sum observed when only such disease 
was present, a 25% increase in the sum of the longest dimension of 
unidimensionally measurable lesions over smallest sum observed when only 
such disease was present (in the presence of both disease types, progression 
or either type as defined above and at least stable disease for the other), 
worsening of assessable disease, or death from disease. Stable disease was 
disease that did not qualify for CR. PR. or progression. 

Statistical Analyses 

The primary statistical analysis compared survival times between the two 
study arms. This primary analysis was conducted on an intent-to-treat (llT) 

Pemetrexed was administered intravenously (IV) at 500 mg/m2 over 10 basis. Secondal)' analyses were conducted comparing subgroups defined by 
minutes, followed 30 minutes later by cisplalin 75 mg/m2 IV over 2 hours on day supplementation status within or across treatment anns to assess lhe effect of 
I ofa 21-day cycle. Patients assigned lo the cisplatin arm were treated likewise, supplementation on safety and efficacy. Unless otherwise noted, all tests of 
except normal saline was given in the placeofpemetrex.ed at equivalent volume. hypotheses were conducted at the alpha = 0.050 level, with a 95% 
Folic acid 350 to 1,000 µg was taken orally daily beginning I to 3 weeks before confidence interval. 
the first chemotherapy doses and was continued throughout study therapy. Kaplan-Meier nonparametric techniques3 1 were used for the comparison 
Vitamin 8 12 1,000 µ.g was given intnunuscularty I to 3 weeks before the first of survival times between the two treatment arms in the IIT population. 
dose of study therapy and repeated every 9 weeks while a patient was receiving Differences were assessed using a two-sided log-rank test. Because an 
study therapy. In addition, dexamediasone was given the day before, day of, and interim analysis was conducted (resulting in a decision to continue the trial 
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Table 1. Patient Characteristics 

P-.....d/Cisplatin Cisplalin 
Full Parliol ~ FuD Partial """-

lnlenl to Treat Supplen.11afioo I ~ Supplemenlad Intent to T real Supplemd 1tolion Supplemenlalion Supplemented 
In - 2261 (n = 168) (n = 26) (n = 321 (n = 2221 (n = 1631 (n = 21) In= 381 

Age, years 
Median 61 60 62.5 61 60 60 62 59.5 
Range 29·85 29·85 38·75 32·77 19-8.4 19·82 36·81 35-8.4 

Sex 
Male 

No. of patienh 184 136 22 26 181 134 18 29 
% 81.4 81.0 84.6 81.3 81.5 82.2 85.7 76.3 

Female 
No. of patienls 42 32 4 6 41 29 3 9 
% 18.6 19.0 15.4 18.8 18.5 17.8 14.3 23.7 

Race 
White 

No. of palients 204 150 23 31 206 153 19 3.4 
% 90.3 89.3 88.5 96.9 92.8 93.9 90.5 89.5 

Other• 
Na. of patienls 22 18 3 I 16 TO 2 4 
% 9.7 10.7 11.5 3.1 7.2 6.l 9.5 10.5 

Performance slolus 
70 

No. of patienh 37 25 3 9 31 22 3 6 
% 16 . .4 14.9 11.5 28.1 1.4.0 13.5 T.4.3 15.8 

80 
No. of patients 72 58 7 7 66 47 7 12 
% 31.9 34.5 26.9 21.9 29.7 28.8 33.3 31.6 

90/TOO 
No. of pat;enb 117 85 16 16 125 9.4 11 20 
% 51.8 50.6 61.5 50.0 56.3 57.7 52.4 52.6 

Hi$1ology 
Epithelial 

No. of pat;enb 154 117 18 19 152 113 l.4 25 
% 68.1 69.6 69.2 59.4 68.5 69.J 66.7 65.8 

Sor=mak>id 
No. of patienb 18 14 2 2 25 17 3 5 
'.t 8.0 8.3 7.7 6.3 11.3 10.4 14.3 13.2 

Mixed cell 
No. of patienb 37 25 ..4 8 36 25 4 7 
'.t 16.4 14.9 15 . .4 25.0 16.2 15.3 19.0 18.4 

Unspecified 
No. of patienh 17 12 2 3 9 8 0 I 
% 7.5 7.1 7.7 9.4 4.1 4.9 0.0 2.6 

) Stage 
I 

No. of patienh 16 IS 1 0 14 12 0 2 ,., 7.T 8.9 3.8 0.0 6.3 7.4 0.0 5.3 
11 

No. of patients 35 27 5 3 33 27 2 4 ,., 15.6 16.2 19.2 9.4 15.0 16.8 9.5 10.S 
Ill 

No. of patients 73 51 12 10 68 49 9 10 
% 32.4 30.5 46.2 31.3 30.9 30.4 42.9 26.3 

rv 
No. of patients 102t 75t 8 19 I07t 75t 10 22 
% 45.1 44.6 30.8 59.4 48.2 46.0 47.6 57.9 

"Includes Hispanics, Asians, and patients of Afria:m descenl. 
tlncludes patienls with unspecified sloge (one patient in pemetrexed/c;splotin arm and two palienh in cisplctin arm). 

to planned completion), the comparison of survival times was tested at the Cls calculated using the method of Leemis and Trivedi. 32 Dose-intensity 
a = .0476 level. To assess the impact of supplementation on survival rimes (DI) was calculated as mean dose in milligrams per square meter per 
in the pemetrexed/cisplatin arm, the Kaplan-Meier analysis of survival time week. The percentage of planned Dl delivered was calculated as the mean 
was conducted on FS and on FS + PS patients. Statistical analyses of DI delivered in milligrams per square meter per week divided by the 
time-to-event secondary efficacy variables were comparable to those of the planned DI in milligrams per square meter per week times 100. The 
primary efficacy variable. Comparisons of the tumor response mtes between incidence of common toxicity criteria toxicities was analyzed using 
the two treatment arms was made using the Fisher's exact test with 95% Fisher's exact test. 
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Table 2. Summary of Study Drvg Administration 

' ) 

PemelreJoed/Osplatin 

Full Pwtial 
lnlenl lO Trna1 Supplemenlllrion Supplei1 eduliol1 

(n = 2261 (n = 1681 (n = 261 

Cycles given 
Median 
Range 
'J, Completing at leas.I four cycles 
'J, Completing at leas! six cycles 
% Completing at least eight cycles 

Dase delivered, pemetrexed 
DI, mg/m2/wlr. 
% Planned DI 

Oo.e delivered, cisplatin 
DI, rng/m2/wlr. 
% Planned DI 

6.0 
1-12 
71.2 
53.1 
5.3 

153.4 
92.0 

23.2 
92.8 

Abbreviations: DI, dose-inlensity; N/ A, not oppliooble. 

RESULTS 

Patient Characteristics 

6.0 
1-12 
73.2 
57.7 

7.1 

154.6 
92.8 

23.4 
93.6 

6.0 
2-6 
96.1 
65.4 

0 

141.3 
84.8 

21.5 
86.0 

From April 1999 to March 200 I, 574 patients signed informed 
consent, and of 456 eligible patients, 226 received pemetrexed/ 
cisplatin, and 222 received cisplatin alone. (Eight randomly 
assigned patients went off study before receiving any study drug; 
reasons were patient decision [four patients], inclusion criteria 
not met (two patients], hypertension [one patient],and death from 
study disease [one patient]). These 448 patients were assessable 
for efficacy and toxicity as the ITT population. 

As seen in Table 1, treatment anns were well bal~ced with 
respect to baseline characteristics. Patients were predominantly 
male and white, with a median age of 61 years (range, 19 to 85 
years). Approximately two thirds of the patients had epithelial 
histology, whereas 78% had stage Ill or stage IV disease. The most 
common metastatic sites included pleural rind, mediastinal lymph 
node, lung. and chest wall. No patient had prior systemic chemo-

) therapy, but 12% of patients had prior radiotherapy. Pemetrexed/ 
cisplatin patients received more treatment cycles (median, six 
cycles; range, one to 12 cycles) than those receiving cisplatin alone 
(median, four cycles; range, one to nine cycles; Table 2). Similarly, 
within each arm. supplemented patients received more cycles than 
never-supplemented patients. The delivered DI of study drugs was 
highly efficient, exceeding 90°/o in both arms. Median follow-up 
was 10.0 months. 

Efficacy 

Survival curves of the ITI population and FS subgroup for 
each arm are shown in Figure IA and 18, respectively. The 
median survival time for pemetrexed/cisplatin-treated patients 
was longer than for patients receiving cisplatin alone: 12.1 
months versus 9.3 months, representing a highly statistically 
significant difference (Table 3). In the FS subgroup, median 
survival time was 13.3 months for the pemetrexed/cisplatin·ann 
and 10.0 months in the control arm. representing a difference 
that approaches statistical significance (P = .051). Although the 
PS-only subgroup was a relatively small subset, comparison of this 

News 
Supplen"" 11ed 

In= 321 

2.0 
1-6 
40.6 
18.8 
0 

156.6 
94.0 

23.5 
94.0 

Cisplatin 

Full Partial 
lnrent 111 Tl1'Cll Supple.neillOtioo Supplememo!ion 

In= 2221 In= 1631 In = 211 

4.0 4.0 6.0 
1-9 1·9 2-6 

55.4 55.2 85.7 
40.l 40.5 66.7 

2.3 3.1 0 

N/A N/A N/A 
N/A N/A N/A 

24.1 24.1 23.9 
96.4 96.4 95.6 

~ 
Supplemenled 

In= 381 

2.0 
1-6 

39.5 
23.7 

0 

NIA 
N/A 

2.4.3 
97.2 

subgroup between the two arms showed a hazard ratio of 0.78, 
which was comparable to that of the FS subgroups. We 
therefore combined these subgroups to explore the effect of 
treatment on the subgroup of patients who received supple
mentation at some time during their therapy (ie, FS/PS). As 
can be seen in Table 3, the comparison of survival time 
between the two anns showed a similar treatment effect: 13.2 
months for the pemetrexedlcisplatin ann versus 9.4 months 
for the control arm (P = .022). However, in the NS subgroup, 
there was no statistically significant difference between the 
two arms; this was likely due at least in part to the small 
numbers of patients in each subgroup (data not shown). 

As with survival duration, the median time to progressive disease 
was significantly longer for patients who received pemetrexed and 
cisplatin as compared with patients who received cisplatin alone 
(5.7 months v 3.9 months; P = .001; Fig 2A, Table 3). This 
difference was similar for both the FS and FS/PS subgroups as well 
(Fig 28, Table 3). The median time to treatment failure was also 
significantly longer in the pemetrexed/cisplatin arm than in the 
control arm. Again, lhe results were similar in the FS and FS/PS 
subgroups. The response rates are listed in Table 3. All 
responses were PRs: 41.3% of pemetrexed/cisplatin patients 
versus 16. 7% in the control group. This magnitude of effect 
was similar in the vitamin-supplemented subgroups. 

Toxicity 

Hematologic toxicities are summarized as worst grade 3 or 4 
toxicity in Tables 4 and 5. In the control arm. severe toxicity was 
uncommon. In the pemetrexed/cisplatin ann, grade 3/4 neutropenia 
(27.91'/o) and grade 3/4 leukopenia (17. 7%) were the most common 
hematologic toxicities. Toxicity within this ann was analyzed 
comparing supplementation subgroups in two ways (ie, FS v 
combined PS/NS patients and FS/PS combined v NS patients; Table 
5). The incidence of grade 3/4 neutropenia was significantly higher 
among NS/PS patients (41.4%) compared with FS patients (23.3%; 
P = .011); this difference was similar when PS/FS patients were 
compared with NS patients. A similar but nonsignificant trend 
was observed for leukopenia: 25.8% for PS/NS patients 
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e 
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0.25 
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Pis&! Risk 

-~Un 
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log rank p value 

MS 
1J.3Monlhs 
10.0Monlhs 
G.051 

.....,,....-~--..~~-.-~~-.-~~-.-~~~~..-

0 5 10 15 20 2S 30 
Survival Time (Months) 

P'enl'Os 226 185 111 SO 19 7 0 ~ 168 141 811 35 t I O 
Os 222 173 !11 32 19 .J 0 a. t6J 128 69 lO 9 0 0 

Fig 1. Kaplan-Meier estimates of O¥erGU survival lime for all patients IPbl IA) and for fuDy supplemented patients 18). Owra11 survival was significantly longer far 
the pemetreud/cisplatin-treated patients (Pem/Cis) in the group of all patients (P = .020) and appoached significance for the group of fully supplemented patients (P = 
.0511. MS, meGIGn svmval; Cis, cisplatin alone. 

versus 14.9% for FS patients (P = .072). Nonhematologic 
laboratory toxicity was infrequent, with five episodes of 
decreased creatinine clearance and three episodes of hypona
tremia, all in pemetrexed/cisplatin patients (data not shown). 

Clinical toxicities are also listed in Tables 4 and 5. In both 
treatment groups, nausea, vomiting, and fatigue were the most 
commonly reported nonlaboratory toxicities, with 2: 88% of 
events reported as grade 3. The incidence of nausea, vomiting, 

Table 3. Results Frvm Analysis cl Efficacy Parameters 

1"""11 lo Treat fuOy Supplemenled Fully and Par1ially Sui>J>len-led 

Pemetrexed/Cisplatin Cisplatin 
In= 2261 In= 2221 

Survival 
Median, months 12.1 9.3 
95% a for median 10.0to 14.4 7.8 to 10.7 
Hazard ratio 0.77 
l.og·rank P .020 
Wilcoxon P .028 
1-year survival, % 50.3 38.0 
p• .012 
Percent censored 35.8 28.4 

Time la PD 
Median, months 5.7 3.9 
95'1\ a far median 4.9 lo 6.5 2.8 lo.4.4 
Hazard ratio 0.68 
log·ronk P .001 
Wilcol<OO p < .001 
Percent censored 7.5 9.0 

Tumor respanset 
Response role, % .41.3 16.7 
9 5'1\ a for response 34.8 to 48.1 12.0lo 22.2 

rote 
Fisher's exact P < .001 

Abbreviation: 0, oonfidence interval; PD, progressive disease. 
'Two-sided Pvolue based on slandard nannal distribution. 

Pemelrexed/Gsplatin Gsplatin Pemelre><l!d/Gsplatin 
In= 1681 In= 163) In= 1941 

13.3 10.0 13.2 
11..4 lo 14.9 8.4to 11.9 10.9 lo 1.4.8 

0.75 0.71 
.051 .022 
.039 .019 

56.5 41.9 54.1 
.Oil .014 

43.5 36.8 41.2 

6.1 3.9 6.1 
S.3to7.0 2.8 la 4.5 5.4 lo 6.7 

0.64 0.70 
.008 .003 

< .001 < .001 
8.9 12.3 8.8 

45.S 19.6 45.6 
37.8 to53 . .4 13.8 ta26.6 38.4to52.9 

<.001 < .001 

tOne pemetrexed/cisplalin palient did not have measurable disease at baseline and was excluded from analysis of lumar response rote. 
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2641 

"" 6.1 Monlhs 
UMamhJ 
o..ooa 

2S 
Pbatllbk Time to PO (Months) PtutRi11t Time to PD (Months) 
Pem/OS 2211 124 42 18 J 1 0 l'enVCls 11511 100 JJ 12 0 
Os ll2 84 l9 8 4 0 0 Os 16J CiJ 24 s J 0 

f"ig 2. Kaplan-Meier estimates of time ID progressiw disease (PD) for all patients (Pis) (Al and for fully supplemented patients (BJ. Time to progressive disease was 
significanlty longer for pemetrexedf cisplatin-treated patients IPem/ Cisl in 1he grovp of all patients (P = .001} and in the grovp of fully supplemented patients {P = .008). 
TIP, time to progression; Cis, asplatin alone. 

fatigue, diarrhea, dehydration, and stomatitis were significantly 
higher in the pemetrexed/cisplatin arm. In the pemetrexed/ 
cisplatin arm, the FS subgroup experienced consistently less 
toxicity (except for dehydration), including less than a 1% 
incidence of febrile neutropenia. The FS/PS subgroup showed a 
similar reduction in toxicity, with differences in nausea, vomit
ing, and febrile neutropenia reaching statistical significance. 

Fowteen patients receiving pemetrexed/cisplatin died while on 
study therapy or within 30 days of the last dose of study drug, 

compared with eight patients receiving cisplatin alone (6.2% v 
3.6%). Three deaths thought to be at least possibly study drug
related occurred in the pemetrexed/cisplatin arm before adding 
vitamin supplementation; none occurred thereafter. The remaining 
deaths were thought to be disease-related. 

DISCUSSION 

This multicenter phase III study demonstrated a statistically 
significant improvement in survival time in MPM patients treated 

Table 4. Summary of Maximu;,, Common Toxicity Criteria Gracie 3/4 Toxicities 

Pem-...f/Cosplatin, Intent lo Cisplatin, Intent lo Treat 
Treat (n = 2261 (n = 2221 

No. of Patienls 'l. No. of Panent. 'l. p 

Hemalologic laboralory lol<icily 
Hemoglobin 11 4.8 0 0 .001 
IJ!ukocytes 40 17.7 2 0.9 < .001 
Neutrophils 63 27.9 5 2.3 < .001 
Platelm 13 5.8 0 0 < .001 

Nonlaboralory loxicily 
Nausea 33 14.6 14 6.3 .005 
Fatigue 23 10.2 19 8.6 .628 
Vomiting 30 13.J 8 3.6 .000 
Diarrhea 10 4.4 0 0 .002 
Dehydration 9 4.0 1 0.5 .020 
Stomatilis 9 4.0 0 0 .004 
Anorexia 5 2.2 1 0.5 .216 
Febrile neutropenia 4 1.8 0 0 .123 
Infection wirh G3 or- G4 neu2ropenia 3 1.3 1 0.5 .623 
Rosh 3 1.3 0 0 .248 

"Fisher's exact P value for comparison of intent-lo-treat pemetrexed and cisplalin group versus inlent-lo·ITeat cisplatin group. 
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Table 5. Summary of Maximum Common Toxicity Criteria Grade 3/4 Toxicities Fram Pemetrexecl/Cisplatin-Treated Patients 

Pottiol Supple ..... 1la6ol • Full Supplementonon 
FuU Supplemenlalion + "'-' Supplemented + Par1ial Svpplementolion Never Supplernen!oad 

(n = 1681 In= 581 In= 19.41 In= 321 

No. cl Pa!ients % No. cl Pahents % P' No. of Pat;ents % No. cl Pa!ienb % P' 

Hema!ologic Laboralory T oxicily 
Hemoglobin 7 4.2 4 6.9 .479 8 4.1 3 9.4 .192 
leukocytes 25 14.9 15 25.9 .072 29 14.9 11 34.4 .012 
Neutrophils 39 23.2 24 41.4 .011 51 26.3 12 37.5 .205 
Plalelets 9 5.4 4 6.9 .744 10 5.2 3 9.4 .403 

Nonlaboratory T oxicily 
Nausea 20 11.9 13 22.4 .082 23 11.9 JO 31.3 .012 
Fatigue 17 T0.1 6 10.3 .999 18 9.3 5 15.6 .338 
Vomiting 18 10.7 T2 20.7 .071 20 10.3 10 31.3 .003 
Diarrhea 6 3.6 4 6.9 .284 7 3.6 3 9.4 .154 
Dehydration 7 4.2 2 3.4 .999 7 3.6 2 6.3 .619 
Slomatitis 5 3.0 4 6.9 .240 8 4.1 1 3.1 .999 
Anorexia 2 1.2 3 5.2 .108 3 1.5 2 6.3 .148 
Febrile neutropenio I 0.6 3 5.2 .053 1 0.5 3 9 . .4 .009 
Infection with G3 or G4 neutropenio 0 0 3 5.2 .016 1 0.5 2 6.3 .053 
RC1$h 0.6 2 3.4 .163 3 1.5 0 0.0 .999 

•fisher's exact Pvalue for witltin-p!nletrexed/cisplatin ann comparisons for the full supplementation verws partial supplementation plus never supplemented subgroups 
and for the fuO supplemenlation plus partial supp(emenlation versus never supplemenled subgroups. 

with pemetrexed/cisplatin compared with cisplatin alone. This 
improvement is also clinically relevant; the additional survival time 
of 2.8 months in the pemetrexed/cisplatin ann is nearly twice as 
long as the 6-week median survival improvement found in meta
analyses and used to justify reconunendations for the use of 
cisplatin-containing regimens in advanced non-sma11-cell IWJg 
cancer.33.34 The 2.8-month survival benefit represents a haz.ard ratio 
of 0. 77 or relative risk reduction for death of 23%. A risk reduction 
of this magnitude is usually considered a meaningful incremental 
survival-time improvement in oncology trials. Design featwes such 
as the large sample size and multiple strata of prognostic factors in 
the randomization scheme gives added confidence that this result is 
robust, generalized, and attributable mainly, if not solely, to the 
addition of pemetrexed to the treatment regimen. In addition, the 

) presence of a high percentage of patients with advanced disease 
stage (III/IV) and a median survival time in the control arm that 
exceeded literature-based expectations. 4.s adds to the credibility of 
the results. Data from two other randomized MPM trials have been 
reported.. Samson et al reported the results of a randomized 
intergroup trial of cyclophosphamide, imidazole carboxamide, and 
doxorubicin versus cyclophosphamide and doxorubicin. 17 The sam
ple size was underpowered (n = 76), but there was no significant 
difference in survival or duration of response. A second randomized 
trial of ranpimase versus doxorubicin was recently reported as an 
abstract. 19 That trial enrolled 154 patients, and the median survival 
time was not significantly different in the two anns (7. 7 months in 
the ranpirnase group and 8.2 months in the doxorubicin group). 

Other antifolates (trimetrexate [response rate, 12%],35 edatrexate 
[response rate, 18% and 25%],36 and methotrexate [response rate, 
37%]37

) have been tested in single-agent, phase II studies of patients 
with MPM. Although these studies suggest that other antifolate 
drugs may have some activity against pleural mesothelioma. they 
have not been tested in randomized trials as single agents or com
binations against appropriate contemporaneous control groups. As 

such. the evidence supporting the use of other antifolates, in prac
tice, remains weak. Interestingly, antitumor activity may be medi
ated through a newly identified class of high affinity alpha-folate 
receptors found on mesothelioma cells of all histologic subtypes.38 

In addition to examining MPM treatment regimens. this study 
also looked at the effect of vitamin supplementation on those 
regimens. Patients receiving pemetrexed/cisplatin with vitamins 
had greater improvement in all efficacy parameters than those 
receiving the same regimen without vitamins. Surprisingly, 
patients receiving cisplatin alone also seemed to benefit from. the 
vitamin supplementation, though to a lesser degree. Supplemen
tation enabled patients to receive more cycles of treatment 
(Table 2), and this may explain these results. Most importantly, 
there was no adverse effect of vitamin supplementation on 
efficacy because the results of survival and other time-to-event 
outcomes consistently favored the pemetrexed/cisplatin therapy. 

The overall toxicity and response profile of pemetrexed/ 
cisplatin seemed to be similar to or better than that reported with 
other two-drug chemotherapeutic regimens studied in patients 
with MPM. However, a phase III study comparing this regimen 
to another widely used regimen, such as gemcitabine/cispla
tin 10· 11 would be necessary to clarify that hypothesis. The 
primary toxicity profile of pemetrexed (mucositis, neutropenia, 
and leukopenia) does not overlap that of cisplatin (gastrointes
tinal, neurological, and renal), thus supporting their use in 
combination. Patients who received vitamin supplementation 
had a notable reduction in hematologic toxicity, specifically 
grade 3/4 neutropenia and leukopenia, an improvement in 
clinical toxicity. Overall improvement in severe toxicity has 
been observed in other pemetrexed studies because vitamin 
supplementation became a standard of pemetrexed therapy. 29 

This study had some limitations. Although crossover of 
control patients to pemetrexed was not permitted, second-line 
therapy was not controlled in this trial. As a result, 37.6% of 
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patients on the pemetrexedlcisplatin ann and 47.3% on the 
control ann received second-line chemotherapy. Despite the 
potential risk for survival to be preferentially extended in the 
control arm because of its higher frequency of second-line 
therapy, the observed treatment effect remained statistically and 
clinically significant in favor of pemetrexedlcisplatin. End 
points, such as time to progressive disease and time to treatment 
failure, are unlikely to be influenced by second-line treatment, yet 
these outcomes were also significantly improved by pemetrexed/ 
cisplatin. Another limitation was the lack of a double-blind design. 
because outcome measurements of response and time to progression 
could be biased by prior investigator knowledge of the treatment 
assignment. The response rates for both arms were as good or better 

2643 

than those published in most other single-agent and combination 
phase II studies, a result possibly influenced by such a bias or by the 
measurement method used in this study. 

In conclusion, pemetrexedlcisplatin therapy was associatc;d 
with significantly improved survival time and with overall 
greater antitumor activity compared with cisplatin alone. The 
regimen was well tolerated, particularly in patients who received 
low-dose folic acid and vitamin B12• Vitamin supplementation 
reduced toxicity with no apparent adverse affect on efficacy. 
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Summary ID# 3653 

Clinical Study Summary: Study H3E-MC-JMDR 

Title of Study: A Phase 2 Trial of L Y2315 l 4 Administered Intravenously Every 21 Days in Patients with 
Malignant Pleural Mesothelioma 
Investigator(s): This multicenter study included IO investigator(s). 
Studv Center(s): This study was conducted at JO study center(s) in four countries. 
Length of Study: 1 year and 10.5 months Phase of Development: 2 

Date first patient enrolled: 01 September 1999 
Date last patient completed: 14 July 2001 

Objectives: The primary objective was to determine the tumor response rate of patients with malignant 
pleural rnesothelioma who had been treated with pemetrexed. .. The secondary objectives were (1) to measure the time-to-event efficacy endpoints of overall survival, time 
to progressive disease, duration of response for responding patients, time to treatment failure; 
(2) to determine clinical benefit response rate after treatment with pemetrexed by using a clinical benefit 
response algorithm for assessments of performance status, reported pain intensity, analgesic consumption, 
and dyspnea; 
(3) to evaluate changes in Lung Cancer Symptom Scale (LCSS) scores, pulmonary function test (PFT) 
measures, lung density determinations; 
(4) to characterize the quantitative and qualitative toxicities ofpemetrexed when administered once every 
21 days to patients with malignant pleural mesothelioma; and 
(5) to evaluate the vitamin deficiency marker status of patients. 
Study Design: This was an open-label, two-stage, outpatient, Phase 2 study of pemetrexed conducted in 
chemonaive patients with malignant pleural mesothelioma. Folic acid and vitamin B12 for supplementation 
were a standard component of pemetrexed therapy for all patients participating in the study from 
I 0 December 1999 onward. 
Number of Patients: 

Planned: 61 
Enrolled: 64; Sunnlemented: 43; Nonsunnlemented: 21. 

Diagnosis and Main Criteria for Inclusion: The main inclusion criterion was a histologic diagnosis of 
unidimensionally and/or bidimensionally measurable malignant pleural mesothelioma in male or female ) 
oatients ae:e 18 or older who were not candidates for curative sunzerv. 
Test Product, Dose, and Mode of Administration: Pemetrexed. 500 mglm2, was administered to all 
enrolled patients as a I 0-minute intravenous infusion on Day 1 of a 21-day period. 
Dexamethasone, 4 mg (or an equivalent corticosteroid), was to be taken by all enrolled patients orally twice 
a day I day before, on the day of, and 1 day after each dose ofpemetrexed, for primary prophylaxis against 
rash. 
Folic acid, 350 to I 000 µg, was to be taken orally daily, beginning approximately 1 to 2 weeks before the 
first dose of pemetrexed and continued daily for I to 2 weeks after the patient discontinued treatment. A 
vitamin Bt2 injection, 1000 µg, was to be administered intramuscularly approximately I to 2 weeks before 
the first dose of pemetrexed and repeated approximately every 9 weeks until the patient discontinued study 
theranv. 
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Duration of Treatment: Multiple cycles ofpemetrexed therapy could be administered. Cycles could be 
repeated until there was evidence of disease progression or unacceptable toxicity, or the patient requested 
discontinuation of therapy. Study therapy could also be discontinued if the investigator felt that it was not 
in the patient's best interest to continue receiving the treatment, or if Eli Lilly and Company, in 
consultation with the investigator, decided to discontinue the patient's theraov. 
Reference Therapy, Dose and Mode of Administration: Not aoolicable. 

Variables: 
Efficacy: 

• Tumor response rate: number of complete responses and partial responses divided by the number of 
patients qualified for analysis. 

• Overall survival: the time from the date of study entry to the date of death from any cause. 
• Duration of response: the time from the first objective status assessment of a complete response or a 

partial response to the time of disease progression or death from any cause. 
• Time to progressive disease: the time from study entry to the time of the first observation of disease 

progression or death from any cause. 
• Time to treatment failure: the time from study entry to the time of the first observation of disease 

progression, death due from any cause, or early discontinuation of treatment. 
• Clinical benefit response: change in Kamofsky performance status, patient-reported change in pain 

intensity, analgesic consumption, and dyspnea. 
• Computed tomography scans to objectively determine lung density as an indicator of possible 

improvement of diaphragmatic mobility and thoracic expansion. 
Safety: 

• number of units required for transfusions 
• adverse event rates 
• toxicity rating using the National Cancer Institute Common Toxicity Criteria rating scale 
• measurement of vitamin deficiency markers: homocysteine, cystathionine, methylmalonic acid, and 

methylcitrate (total, I and IO. 
Health Outcomes: 

• Lung Cancer Symptom Scale. 
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Evaluation Methods: 
Statistical: 

This was an open-label treatment Phase 2 study with no need for randomization. The primary objective of 
this clinical trial was to estimate the antitumor activity ofpemetrexed in patients with malignant pleural 
mesothelioma. Up to 61 qualified patients were to be enrolled in a two-stage sequential study with the 
possibility of stopping the study early for either lack of efficacy or unacceptable toxicity. All confidence 
intervals for parameters to be estimated were constructed with a significance level of a=0.05. 
The primary efficacy endpoint of response rate, which included a 95% confidence interval, was calculated 
by the fonnula: 

(CRs + PRs) x 100 
Response Rate= ---------------

No. of Pts. Qualified for Response Analysis 

The secondary efficacy analyses included the following: 
Kaplan-Meier curves for patient overall survival, time to treatment failure, and time to progressive disease, 
including quartiles for each variable. Kaplan-Meier analyses were done using PROC LIFETEST in 
Statistical Application Software® (SAS). 
Changes from baseline in clinical benefit were defined by the ratio of the number of clinical benefit 
responders to the number of qualified for benefit analysis: 

- Changes from baseline in LCSS item and total scores. 
- Changes from baseline in pulmonary function tests. 
- Changes from baseline in lung density detenninations. 
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Summary: 
During the conduct of this study, Lilly made a programmatic change by requiring supplementation with 
low-dose folic acid and vitamin B 12 as a standard component of pemetrexed therapy. This change was 
made on I 0 December 1999 in an effort to improve patient safety. Supplemented patients were defined as 
those patients who were enrolled in this study and assigned to receive folic acid and vitamin B 12 on or after 
10 December 1999. The nonsupplemented patients were defined as (1) patients who were enrolled in the 
study before 10 December 1999, and assigned to receive folic acid and vitamin B12 from that day onward, 
and (2) patients who completed study therapy before I 0 December 1999 and never received folic acid and 
vitamin B12 for supplementation. 

Patients 
Seventy patients entered the study; 64 chemonaive patients were enrolled and received at least one dose of 
the study drug. Forty-three patients were supplemented, and 21 patients were nonsupplemented. The 
median age of patients in the study was 65 years. Most patients had a diagnosis of epitheloid pleural 
mesothelioma and had either Stage 3 or Stage 4 disease at the time of enrollment. 
Most patients had undergone surgery or received radiotherapy before enrollment. Twenty-one patients had 
undergone surgery for diagnostic purposes only, 29 patients for palliation, and I patient had had undergone 
surgery with curative intent. The most commonly cited reason for discontinuation of treatment and study 
withdrawal was lack of efficacy (progressive disease). 

Efficacy: Tumor Response Rate 
The primary objective of the study was to determine the tumor response rate of patients after treatment with 
pemetrexed. Sixty-four patients were included in the investigator-determined analysis of tumor response 
rate and the time-to-event efficacy endpoints. 
Table JMDR. I is a summary tabulation of the investigator assessed tumor response rates for supplemented, 
nonsupplemented, and all enrolled patients. According to the investigators' assessment, the tumor response 
rate for all enrolled patients was 14.1 % (95% confidence interval [CI], 6.6% to 25.0%). 

Tablet. Summary of Tumor Response Rate -
Patients N CR PR Tumor Response Rate (95% Cl) 
Supplemented 43 0 7 16.3 (6.8-30.7) 
Nonsupplemented 21 0 2 9.5 (1.2-30.4) 
All enrolled 64 0 9 14.l (6.6-25.0) 
Abbreviations: CI = confidence interval, CR= complete response, PR = partial response. 
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Table 2 is a detailed summary tabulation of the tumor response rate for the enrolled patients with and 
without supplementation who were included in the independent assessment. The independent evaluation of 
tumor response rate included 56 patients. Eight patients were not evaluated because their computed 
tomography scans were either incomplete or of poor quality. The tumor response rate for enrolled patients 
according to the independent assessment was 17.9% (95% CI, 8.9% to 30.4%). 

Table 2. Summary of Tumor Response Rate - Independent Assessment 
Patients N CR PR Tumor Response Rate (95% Cl) 
Supplemented 41 0 7 17.1 (7.2-32.1) 
Nonsupplemented 15 0 3 20.0 (4.3-48.1) 
All enrolled 56 0 IO 17.9 (8.9-30.4) 
Abbreviations: CI = confidence interval; CR = complete response; N = number of evaluable patients; 

PR = partial response. 

Efficacy: Time-to-Event Endpoints 
Table 3 presents a summary of the median overall survival, time to progressive disease, duration of 
response, and time to treatment failure, with 95% confidence intervals, and the probability of estimates 
lasting at least 6 months for all enrolled patients (N=64). 

Table 3. Summary of Estimates - Time-to-Event Efficacy Endpoints 

Time-to-Event Efficacy Endpoint 
Overall survival 
Time to progressive disease 
Duration of response 
Time to treatment failure 
Abbreviation: CI = confidence interval. 

Median (months) Probability at 
(95% Cl) 6 months (%) 

10.7 (7.7-14.5) 71.5 
4.7 (4.2-5.8) 35.9 
8.5 (4.4-12.7) 66.7 
4.4 (3.1-5.5) 28.1 

Table 4 provides a summary of median overall survival and time to progressive disease for the 
supplemented and nonsupplemented patients, respectively. 

Table 4. Summary of Estimates - Overall Survival and Time to Progressive Disease 
Median (months) Probability at 

Time-to-Event Efficacy Endpoint (95% Cl) 6 months(%) 
Supplemented Patients (N=43) 

Overall survival 
Time to progressive disease 

Nonsupplemented Patients (N=21) 

13.0 (8.2, NA) 
4.8 (4.4-6.l) 

76.7 
39.5 

Overall survival 8.0 (4.8-14.5) 60.7 
Time to progressive disease 3.0 (1.7-5.8) 28.6 

Abbreviations: CI = confidence interval; N = number of evaluable patients; NA = not applicable. 
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Health Outcomes: Clinical Benefit Response 
Fifty-six patients were included in the clinical benefit response analysis. Fourteen patients (25.0%) 
achieved a clinical benefit response on the basis of improvement in self-reported dyspnea, pain intensity, or 
analgesic consumption, or in clinician-assessed performance status, without concurrent worsening in any of 
the other measures. Nine of these patients reported improvement in dyspnea, 7 in pain intensity, and 3 in 
analgesic consumption. Two of these patients had improved performance status. 
Mean scores on the LCSS patient scale were relatively unchanged when data were analyzed for all the 
patients included in the analysis. However, differences were noted when analyses were done for patients 
according to tumor response. Responders reported improvement in anorexia, fatigue, dyspnea, pain, 
symptom distress, activity level, global quality of life (QoL), and total LCSS score. 
The evaluation of the LCSS observer scale showed that 32% of patients reported improvement in the total 
LCSS score. Symptoms either improved or remained stable for most patients in all the LCSS measures 
evaluated. 
The small sample size and the large variability in the lung density data did not allow for any specific 
conclusions to be drawn. 

Safety 
Sixty-four patients were included in the safety analysis. Enrolled patients completed a median of six cycles 
of study therapy. Supplemented patients completed a median of six cycles, and nonsupplemented patients a 
median of two cycles. There were seven dose reductions of pemetrexed (2.1 % of doses administered), 
three among supplemented patients (1.2% of administered doses) and four among nonsupplemented 
patients (4.3% of administered doses). Neutropenia and febrile neutropenia were the most commonly 
reported adverse events that led to these reductions. There were 19 dose delays of which only six were of 
clinical relevance. Five of these delays occurred in supplemented patients and one in a nonsupplemented 
patient. The clinically important dose delays in supplemented patients were caused by herpes zoster 
infection (2 patients). myocardial infarction. pain, and asthenia. The single delay among the 
nonsupplemented patients was attributed to a pleural disorder. Thirteen delays occurred because of 
scheduling conflicts. 
Grade 3 or Grade 4 neutropenia was the most commonly reported laboratory toxicity, reported in 
15 patients (23.4%). This included 11 of the 21 nonsupplemented patients (52%). By comparison, only 4 
of the 43 supplemented patients (9.4%) reported Grade 3 or Grade 4 neutropenia. 
Grade 3 leukopenia was reported in 6 of 21 nonsupplemented (28.6%) and 4 of the 43 supplemented 
patients (9.4%). Grade 4 leukopenia was reported in 2 nonsupplemented patients (9.5%). There were no 
reports of Grade 4 leukopenia among supplemented patients. 
There were twelve reports of Grade 4 toxicity among nonsupplemented patients. These included eight 
reports of neutropenia, two reports of leukopenia, one report of thrombocytopenia, and one report of 
hyperbilirubinemia. There were two reports of Grade 4 toxicity (neutropenia) among the supplemented 
patients. 
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Table S.Summary of Grade 3 and Grade 4 Toxicities 
Hematologic Laboratory Data 

Laboratory Value 
Supplemented Patients 

(n=43) 
Nonsupplemented Patients 

(n=21) 

CTC Grade 3 CTC Grade 4 
n(%) n(%) 

Neutrophils 2 (4.7) 2 (4.7) 
Leukocytes 4 (9.3) 0 
Platelets 1 (2.3) 0 
Hemoglobin I (2.3) 0 

CTC Grade3 
n(%) 

3 (14.3) 
6 (28.6) 

0 
0 

CTC Grade 4 
n (%) 

8(38.1) 
2 (9.5) 
l (4.8) 

0 

Fatigue and febrile neutropenia (four reports each) were the most commonly reported clinically important 
nonlaboratory toxicity. Grade 3 stomatitis was more commonly reported among the nonsupplemented 
patients, and Grade 3 vomiting was more commonly reported among the supplemented patients. Nausea 
was reported in 2 supplemented patients and l nonsupplemented patient. There was one report of Grade 4 
chest pain in a nonsupplemented patient. No Grade 4 toxicity was reported among supplemented patients. 
Asthenia was the most commonly reported adverse event. Overall, the five most commonly reported 
TEAEs were asthenia, nausea, rash, leukopenia, and anorexia Twenty-three of the 29 patients who 
reported leukopenia also had neutropenia. 
The five most commonly reported TEAEs among supplemented patients were asthenia, nausea, rash, 
anorexia, and constipation. More TEAEs were reported among nonsupplemented patients and they 
generally occurred at a higher incidence. The five most commonly reported TEAEs among 
nonsupplemented patients included asthenia, leukopenia, nausea, rash, and pain. 
Twenty-three patients (13 supplemented and 10 nonsupplemented) reported at least one serious adverse 
event (SAE). Fever was most commonly reported SAE for supplemented patients. Six reports of fever 
among these supplemented patients included four reports of fever, one report of febrile neutropenia, and 
one report of fever without neutropenia. Fever (three reports) and leukopenia (three reports) were most 
commonly reported for nonsupplemented patients. These three reports of fever included two reports of 
febrile neutropenia and one of fever. The 3 patients with leukopenia also had neutropenia. 
Adverse events accounted for discontinuation of treatment and withdrawal from the study in 
3 supplemented and 4 nonsupplemented patients. Adverse events that resulted in study withdrawal 
included elevated creatinine levels, deafness, and arthralgia for the supplemented patients and 
cerebrovascular accident, dyspnea. abnormal kidney function, and stomatitis for the nonsupplemented 
patients. 
No serious, unexpected, reportable events were reported during the study. 
Two patients, I supplemented and 1 nonsupplemented, died during the treatment phase of the study and 
2 patients within 30 days after administration of the last dose of the study drug. All deaths were attributed 
to disease progression. 
Data obtained for an evaluation of the vitamin deficiency marker status of patients in this study were 
pooled with data from other studies with pemetrexed. These data were included in an analysis of the 
relationship between pretherapy homocysteine levels, supplementation with low-dose folic acid and 
vitamin B 12, and hematologic andnonhematologic toxicity encountered in the patients who received 
treatment with pemetrexed. 
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Phase II Study of Pemetrexed With and Without Folic Acid 
and Vitamin B 12 as Front-Line Therapy in Malignant 

Pleural Mesothelioma 

By Giorgio V. Scagliotti, Dong-M. Shin, Hedy L Kindler, Michael J. Vasconcelles, Uwe Keppler, Christian Manegold, 
Howard Burris, Ulrich Gatzemeier, Johannes Blatter, James T. Symanowski, and James J. Rusthoven 

Purpose: This phase fl clinical study evaluated the effi· 
cacy of pemetrexed for the treatment of malignant pleural 
mesothelioma (MPM). 

Patients and Methods: Patients ·with a histologically 
proven diagnosis of MPM, chemotherapy-naive measurable 
lesions, and adequate organ function received pemetrexecl 
(500 mg/m2 ) inllawenously over 10 minutes every 3 weeks. 
After a protocol change, most patients also received folic acid 
and vitamin 8 12 supplementation to improve safety. 

Results: A totaJ of 64 patients were enrolled. Nine 
( 14. 1 %) of the 64 patients had a partial response. The 
Kaplan-Meier estimate for mecfaan overall survival was 10.7 
months. Forty three patients received vitamin supplementa
tion for an courses of therapy, and 21 patients did not. Seven 
of the nine responders were vitamin supplemented. The me
d"ian overall survival was 13.0 months for supplemented 
patients and 8.0 months for .-,supplemented patients. Vtta· 
min-supplemented patients completed more cycles of therapy 

M ALIGNANT PLEURAL mesothelioma (MPM) is a neo
plastic disorder of the pleural lining of the lung, usually 

presenting at an advanced stage. Because there is no approved or 
generally accepted standacd systemic therapy, patients com
monly receive supportive care alone. In this setting, the median 
survival is reported to be 6 to 18 months (5-yeac survival, 
< 5%), and patients usually develop progressive pain and pulmo
nary compromise as the tumor gradually encases the lung. 1 

Between 50% and 70% of reported cases of MPM are 
associated with asbestos exposuce.2 There is a long latency 
period after exposure before the disease emerges (30 to 40 
years). There is now rising incidence of MPM throughout much 
of the world, and it is expected to peak between the years 2010 
and 2020.3

•
4 In industrialized countries, the incidence ofMPM is 

two per 1,000,000 females and 10 to 30 per 1,000,000 males. 1 
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than nonsupplemented patients (median, six v two cydes, 
respectively). Gracie 3/4 neutn:lpenia (23A%) and grade 3/4 
leukopenia ( 18.8%) were the most common laboratory toxic· 
ities. Fatigue and febrile neutropenia were the most com· 
monly 1eported nonlaboaal0ty events (grade 3, 6.3%; grade 
4, 0.0% each). The incidence of these toxicities was generally 
lower in the supplemented patients. 

Conclusion: Single-agent pemetrexecl for MPM resulted 
in a moderate response rate (14.1%) and median overall 
survival of 10.7 months. Patients supplemented with folic 
acid and vitamin 8 12 tolerated treatment better (less to.xicity 
and more cycles of treatment) and had a 5-month greater 
median overall survival than nonsupplemented patients. 
These results indicate that patients with MPM could benefit 
from single-gent pemetrexed treatment combined with 
vitamin supplementation. 

J Clin Oncol 2r:r556·1561. c .2003 by American 
Society ol Clinical Oncology. 

In light of the advanced stage and poor survival of most 
patients at presentation, numerous cytotoxic agents (single agent 
or combination) have been evaluated in phase II trials. Response 
rates from single-agent studies have varied widely, with most 
ranging from 0% to 15%, with only a few studies reporting 
higher rates. s Median overall survival times from single-agent 
studies also have varied widely, with most ranging from 7 to 9 
months, but a few studies have reported median overall survivals 
as low as 5 months and as high as 11 months_6-l I 

Pemetrexed (ALIMTA; Eli Lilly and Company, Indianapolis, 
IN) is a new antifolate with broad anti tumor activity. In vitro studies 
have shown that pemetrexed attacks multiple enzyme targets; 
namely, dihydrofolate reductase, thymidylate synthase (TS), and 
glycinamide ribonucleotide formyl transferase. Such targeting con
ttas1s with the single enzyme targets of approved agents such as 
methotrexate, which acts on dihydrofolate reductase, and ftuorou
racil and raltitrexed, which inhibit TS.t 2

-
14 Pemetrexed enters the 

cell primarily through the reduced folate carrier and undergoes 
extensive intracellular polyglutamation by folylpoly-gamma-gluta
mate synthetase. Long-term retention of the polyglutamated fonn of 
pemetrexed leads to persistently elevated intracellular concentra
tions and increased cytotoxic potential. 15 Furthennore, polygluta
mated pemetrexed has more than 100-fold greater affinity for TS 
and glycinamide ribonucleotide formyl transferase than the parent 
compound pernetrexed monoglutamate. 16 This high affinity and 
long intracellular retention indicates that pemetrexed may be asso
ciated with greater clinical activity than other antifolates and TS 
inhibitors. This multicenter, single-cohort, phase II study was 
designed to determine the efficacy of pemetrexed as a single agent 
in chemotherapy-naive patients with advanced MPM. 

1556 Journal ol Clinical Oncology, Vol 21, No 8 (April 15), 2003: pp 1556-1561 
DOI: 10.1200/JC0.2003.06.122 
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PEMETREXED IN PLEURAL MESOTHEUOMA 

PATIENTS AND METHODS 

Patient Selection 

Patients with a histologically proven diagnosis of MPM who were not 
candidates for curative surgery were eligible for this study. Other major 
eligibility criteria included presence of bidimensionally and/or wiidimen
sionally measurable lesions by computed tomography (CT) or magnetic 
resonance imaging; a performance status or 2:: 70 on the Karnorsky scale; an 
estimated life expectancy of 2: 12 weeks; adequate bone marrow reserve 
(absolute neurrophil count [ANC] 2: 1.5 X 109/L, platelets 2: 100 x 109/L, 
and hemoglobin 2:: 9 g/dL); and creatinine clearance (CrCI) 2: 45 mUmin as 
calculated by the modified Cockroft and Gault lean body mass fonnula. 
Patients with prior systemic chemotherapy were excluded from study, 
although prior radiation therapy was permitted. Other exclusion criteria were 
second primary malignancy, documented brain metastases, and inability to 
interrupt nonsteroidal anti-inflanunatory agents. 

Study Design 

The primary outcome was tumor response. Secondary outcomes included 
duration of response, survival, time to progressive disease, time to lreatment 
failure, quality of life (QOL), and pulmonary function tests. QOL and 
pulmonary function test methods and data will be presented in a separate 
article. This study incorporated a two-stage design17 to allow for early 
closure if insufficient clinical activity was evident at tbe end of the first stage. 
In the initial design, if at least two of the first 20 assessable patients achieved 
a response, an additional 21 patients were to be enrolled onto the second 
stage. Near the end of the first stage; the protocol was amended to require that 
all patients be supplemented with folic acid and vitamin 8 12 until completion 
of study therapy in an effort to improve patient safety. In addition, at least 41 
patients, rather than 21, were to be enrolled onto the second stage or study, 
thus ensuring that the number of patients receiving supplementation approx
imated the original sample sm: for the entire study. Fully supplemented patients 
wen: those who enrolled onto the SlUdy on or afta December 10, 1999, and who 
received folic acid and vitamin 8 12 supplementation throughout their treatment 
cycles. Nonsupplemented patients were those who started receiving study 
therapy before December I 0, 1999, and included patients who completed study 
lherapy without receiving vitamin supplementation and patients who received 
vil8mins at some point after study therapy had begun. 

Treatment Regimen 

Pemetrexed was supplied as a 40 mg/mL aqueous solution containing 2 
mg/mL of the antioxidant monothioglycerol. The starting dose (500 mg/m2

) 

was diluted in 100 mL of normal saline for intravenous administration over 
IO minutes. Drug therapy was repeated at 3-week intervals. The vitamin-

) supplemented patients received folic acid (350 to 1,000 µg) orally daily 
beginning I to 2 weeks before the first dose of pemetrexed and throughout 
the study. Vitamin 8 12 (1,000 µg) was given intramuscularly I to 2 weeks 
before the first dose or drug and was administered approximately every 9 
weeks throughout study. Dexamethasone (4 mg) or an equivalent corticoste
roid was given orally twice daily the day before, day of, and day after each 
pemetrexed dose to prevent or reduce severity of any skin rash. To reduce 
risk of delayed renal clearance of pemetrexed, the ingestion of salicylates or 
nonsteroidal anti-inflammatory agents was not allowed during the 2 days 
before (5 days for long lasting agents), day of, and 2 days after treatmeoL 
Granulocyte colony-stimulating factorn were given only to patients who had 
neutropenic fever, infection with neutropenia, or ANC less than 0.5 x 109/L 
for at least S days. Leucovorin administration was allowed for National 
Cancer Institute Common Toxicity Criteria (version 2) grade 4 leukopenia or 
thrombocytopenia or for grade 4 neutropenia lasting more than 5 days. 

After each dose of pemetrexed, dose adjustments were made based on 
platelet and neutrophil nadir counts from the previous cycle of therapy. Once 
a dose reduction was made, it remained reduced for all subsequent treat
ments. Patients with ANC less than 0.5 x 109/L received a 25% dose 
reduction, and patients with platelets less than 50 x 109/L received a 50"/o 
dose reduction. If three such dose reductions were required. the patient was 
diS<X>ntinued from the study. In addition, if the preceding cycle of therapy 
resulted in grade 3 or 4 mucositis, the patient received a 50% dose reduction. 
If dianhea occurred requiring hospitalization. a 25% dose reduction was 

1557 

made. If grade 3 or 4 nonhematologic effects occurred (with the exception of 
grade 3 transaminase elevation). the next cycle was delayed until resolution 
to grade 1 or less. If CrCI decreased to less than 45 mUmin, the nellt dose 
was delayed until it improved to 2 45 mlJmin. 

Patient Follow-Up and Measurement of Study End Points 

Complete patient history, physical examination. complete blood cell 
count. calculated CrCI, blood chemistries, and serum vitamin deficiency 
markers including homocystcine were performed at baseline and before each 
course of treatmenL Complete blood count was performed weekly while 
patients were on treatment. Tumor response was measured using either 
conventional CT scan or magnetic resonance imaging scan. 

Criteria were established to allow for determination of best tumor response 
for patients with only bidimensionally measurable disease, only unidimen
sionally measurable disease, or both. A complete response (CR) was defined 
as complete disappearance of all measurable and assessable disease with no 
new lesions, disease-related symptoms, or evidence ofnonassessable disease. 
For patients with only bidimensionally measurable disease, a partial response 
{PR) was defined as a 2: 50"/o reduction from baseline of the sum of products 
of the perpendicular diameter of target lesions. For those with only 
unidimensionally measurable disease, a PR was defined as a 2: 30% decrease 
in the sum of the greatest diameter of unidimensionally measurable target 
ICliions. For patients with both types of measurable target lesions, one or the 
other criteria must have been met as indicated above, with no progression in 
the remaining measurable target lesions. For all response categories, there 
could be no new lesions, and nonmeasurable lesions must have remained 
stable or regressed. All objective responses were confirmed approximately 4 
weeks after initial documentation. Tumor progression was defined as 
reappearance of a lesion, appearance of a new lesion/site, a specified degree 
of progression of existing measurable target lesions, wornening of assessable 
disease, or death from disease. For patients with only bidimensionally 
measurable or only unidimensionally measurable disease, progression was 
considered if the sum of the products of all bidimensionally measurable 
target disease had increased 50% over the smallest previous sum observed or 
if there was a 25% increase in the sum of the longest dimension of 
wiidimensionally measurable target lesions over the smallest previous sum 
observed. For those with both types of lesions, one or the other criteria must 
have been meL Stable disease was defined at disease that did not qualify for 
CR, PR, or progression. 

Among secondary outcomes, duration of tumor response was defined as 
the time from first objective status of response to the time of documented 
disease progression or death from any cause. Overall survival was defined as 
the time from date of study entry (informed consent date) to date or death 
from any cause. The time from study entry to the date of last follow-up was 
used to calculate overall survival for patients alive at the close of the study. 
Time to progressive disease was defined as time from study entry until time the 
patient progressed or death from any cause. For patients widiout a classification 
of progressive disease, the date of last follow-up was considered right-censored 
for purposes of these analyses. Time to treatment fililure was defined as the time 
from study entry to the time of first observation of disease progression, death 
from any cause, or early discontinuation of tn:atmenL 

Statistical Methods 

The proportion of patients with a PR or CR was calculated for all patients 
and for the vitamin-supplemented and nonsupplemented subpopulations. 
Ninety-five percent confidence intervals were calculated based on the F 
distribution. 18 Survival and other time-to-event end points were analyzed 
using the Kaplan-Meier method. 19 

RESULTS 

From September 1999 to November 2000, 70 patients at I 0 
centers in Germany, Italy, the United Kingdom, and the United 
States signed informed consent documents and were assessed for 
eligibility onto the study. Sixty-four patients met eligibility 
criteria; the other six patients were considered ineligible to 
receive study therapy (five patients did not meet enrollment 
criteria, and one patient withdrew informed consent). 
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Table 1. Baseline Oiaractenstics for All Enrolled Patients 

AD Patients [N = 641 

No.of 
Cl>Oracterisnc: Patients ... 

A<Je, years 
Median 65 
Range 39·80 

Sex 
Male 53 82.8 
Female 11 17.2 

Pedormonce slalus 
70 7 10.9 
80 21 32.8 
90 32 50.0 
100 4 6.3 

Histologic wbtype 
Satcomatoid 8 12.5 
Epithelial 45 70.3 
Mixed cell 9 14.1 
Unspecified 2 3.1 

Stage at sludy entry 
UI 4 6.3 
II 5 7.8 
Ill 22 34.4 
IV 33 51.6 

Demographic characteristics of all 64 patients are listed in 
Table I. Fully supplemented (n = 43) and nonsupplemented 
(n = 21) patients are listed separately. Five of the 21 nonsupple
mented patients started receiving folic acid and vitamin 8 12 after 
the start of pemetrexed therapy. As indicated in Table I, the 
majority of patients were male, with a median age of 65 years 
(range, 39 to 80 years). Most patients had a diagnosis of epithelioid 
pleural mesothelioma at either stage Ill or IV (International Me
sothelioma Interest Group staging system). Metastatic sites included 
mediastinal and other regional lymph nodes, lwig, liver, chest wall, 
chest, peritonewn, and bone. Two patients (3.1%) had prior radio
therapy, and 30 patients (46.99/o) had prior sw-gery, either palliative 
(29 patients, 45.3%) or curative (one patient, 1.6%). 

All 64 patients received at least one dose of pemetrexed and 
) were included in efficacy and safety analyses. Of the 94 doses 

intended for the nonsupplemented patients, 90 (95.7%) were 
delivered at the protocol-defined starting dose, and four (4.3%) 
were reduced. For fully supplemented patients, 241 doses 
(98.8%) were delivered at the protocol-defined starting dose, and 
three (1.2%) were reduced. Thirty-six patients (30 fully supple-

Supplemenled Patien~ (N = AJJ Nonsup~ Patients IN = 21) 

No. of No. of 
Pa6ents ... ""'*"' ... 

63 68 
39-80 54.74 

33 76.7 20 95.2 
10 23.3 4.8 

5 11.6 2 9.5 
12 27.9 9 42.9 
22 51.2 10 47.6 
4 9.3 0 0 

5 11.6 3 14.3 
31 72.1 14 66.7 

5 11.6 4 19.0 
2 4.7 0 0 

3 7.0 I 4.8 
2 4.7 3 14.3 

16 37.2 6 28.6 
22 51.2 11 52.4 

mented and six nonsupplemented) completed six or more cycles 
of therapy. Six patients completed only one cycle, and one 
patient completed 20 cycles. Fully supplemented patients com
pleted more cycles of therapy than the nonsupplemented patients 
(median, six v two cycles; range, one to 20 cycles v one to 16 
cycles, respectively). 

Tumor Response and Time-to-Event Outcomes 

Because objective tumor measurements can be difficult in 
MPM, two separate determinations of best tumor response were 
performed for each patient. Each investigator made an initial 
assessment of best response, and an external expert panel 
independently assessed the best response status of each patient at 
a later date. The expert panel evaluated 56 patients; eight patients 
were not evaluated because CT scans submitted to the panel 
were judged as either incomplete or of poor quality. Tumor 
response rates calculated from both sets of assessments are listed 
in Table 2. Among the investigator assessments, no patients 
experienced a CR; however, nine (14.1%) of the 64 patients had a 
PR as best tumor response. Among the 43 vitamin-supplemented 

Table 2. Response Rates as Delennined From lnwstigator-Delennined Best Tumar Response and From biclependent 
Reviewer-Cetennined Best Tumor Response 

No.of 
Rmpa.....Rale R_..i.n 

No. of PatiS1b Wah SD Total No. of 
Patient l'opulalion % 95%0~ CR PR asBesl~oe l'o2ienls 

Investigator assessment 
Supplemented 16.3 6.8 to30.7 0 7 27 43 
Nonsupplemenled 9.5 1.2 lo 30.4 0 2 6 21 
All enrolled 14.1 6.6to25.0 0 9 33 64 

Independent reviewer assessment 
Supplemented 17.1 7.2 to 32.1 0 7 28 41 
Nonwpplemented 20.0 4.3to48.I 0 3 9 15 
Afl CNOifable 17.9 8.9to30.4 0 10 37 56 

Abbreviations: 0, a>nfidence inteNal; CR, complete re~; PR, partial response; SD, ~ble di5BCIS8. 
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1.00 
All Patients (n=64) 

Supplemented Patients (11:43) 
c 0.75 0 

~ 
Nonsupplemented Patients (n=21) 

c 
~ 

I&. 
c 
0 

0.50 s .a 

! a 
~ ... · _____ _ Fig 1. Kaplan-Meier anves of overaU 

sunNal (months) for all patients and for 
patients by supplementation status. 

] 0.25 
z: 
~ 

OJ 
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patients, seven had a PR. whereas two of the 21 nonsupplemented 
· patients had a PR. In the nonsupplemented group, one of five 

·..__) patients who started receiving supplementation after the start of 
therapy had a PR. Of the 56 patients included in the independent 
assessment, lO patients had a PR as best response (17.9'%). Seven 
responders were among the 41 patients who received vitamin 
supplementation, whereas the other three responders were among 
the 15 patients in the nonsupplemented group. All three responding 
patients in the nonsupplemented group started receiving supplemen
tation after the start of therapy. 

The overall survival curves for all enrolled patients and for the 
supplemented and nonsupplemented subgroups are shown in Fig 
I. The median survival for all patients was l 0. 7 months; 
supplemented patients had median survival of 13.0 months, 
compared with 8.0 months for nonsupplemented patients (Table 
3). The 6- and 12-month estimates of survival for all patients 
were 71.5% and 47.8%, respectively. Median time to progressive 
disease was 4. 7 months for all patients, 4.8 months for supple
mented patients, and 3.0 months for nonsupplemented patients. 
The median time to treatment failure for all patients was 4.4 

) months. Median duration of response among the PR patients 
(based on investigator assessment) was 8.5 months. 

Safety 

Neutropenia and febrile neutropenia were the most common 
reasons for dose reductions; stomatitis and hypokinesia were 

Table 3. Tinie-to Event Ouk:-

17.5 20.0 22.5 

also reported. Nineteen dose delays were reported; six were 
clinically relevant (herpes zoster infection, n = i; myocardial 
infarction, asthenia, pain, and pleuritis, n = I each). 

Clinically important laboratory toxicities, as worst common 
toxicity criteria grade of toxicity, are listed in Table 4. Grade 3/4 
neutropenia (23.4%) and grade 3/4 leukopenia (18.8%) were the 
most common laboratory toxicities. The incidence of grade 3/4 
neutropenia among nonsupplemented patients was 52.4% versus 
only 9.3% for patients who received full vitamin supplementa
tion. Most of the improvement in neutropenia occurred as a 
reduction in grade 4 severity. Liver function tests revealed 
elevations in bilirubin, alkaline phosphatase, and alanine 
transaminase for four patients. These changes were not consid
ered clinically significant with the exception of one patient in the 
nonsupplemented group who developed grade 4 bilirubinemia. 

Nonlaboratory toxicities were relatively infrequent and di
ver.;e in nature. Only one grade 4 event was reported (chest pain 
in a nonsupplemented patient). Twenty-five grade 3 events 
occurred: 10 events in the 21 nonsupplemented patients and 15 
events in the 43 supplemented patients. Fatigue and febrile neutro
penia were the most commonly reported events in all patients (6.3% 
for fatigue and febrile neutropenia each; 4.7% for supplemented 
patients and 9.S% for nonsupplemented patients for fatigue and 
febrile neutropenia each), followed by nausea (4.7%), vomiting 
(3. l %), and stomatitis/pharyngitis (3.1 %). Single events (1.6%) 
included dermatitis or skin desquamation, hand-foot skin reaction, 
hearing problems, allergic reaction, anorexia.. dehydration, dianhea. 
dizziness, and genitourinary problems. 

There were 23 reports of serious adverse events during the 
W..:'::.!:;" study: 13 in the supplemented patients and lO in the nonsupple-

1.-rthsJ 95'.0 ~I mented patients. Fever (six reports) was the most commonly 
.,...Su-rYIYC-.-•• -n-=-64--------------1-0.-7---7-.-7-lo-14-.-5 reported event for supplemented patients, and leukopenia and 

Supplemenled, n = 43 13.0 8.2 1o .,.. fever (three reports of each) were the most commonly reported 
Nonsupplemented, n = 21 8.0 .4.8 lo 14.5 events for nonsupplemented patients. Seven patients had an 

rune 1o progrmsion, n = 64 4.7 .4.2 to 5.8 adverse event that resulted in withdrawal from study; five of 
Supplemenled, n = 43 4.8 A.4 to 6. 1 th · I ed R fi 
Nonsupplemented, n = 21 3_0 1.7 ro 5 .8 ese seven patients were nonsupp ement . easons or treat-

rrme to lreohnent failure, n = 64 4 . .4 3.1 to 5.5 ment discontinuations included arthralgia and deafness for sup-
Duralion of response, invesligalof'-ossessed, n = 9 8.5 A.4 to 12.7 plemented patients and cerebrovascular accident, elevated creat-

Abbreviotions: a. confidence inleMll. inine levels, dyspnea, abnormal kidney function, and stomatitis 
•upper r.mit of Cl is "" because largest obserwd deolh time was within a. for nonsupplemented patients. 
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Table 4. CTC Grode 3 and 4 Laboratory TOJUcity by Supplementation Status 

All Patients (N = 641 S.ipplen.emad Patienb (N D 431 Nanwpplemenled Patienb (N - 21) 

CTCGrode J CTCGrade4 CTCGrode J CTCGrade4 CTCGradaJ CTCGrade4 

Labon:r1liry V~"" No. " No. '.I; No. 

Neulrophils 5 7.8 10 15.6 2 
leukocytes 10 15.6 2 3.1 4 
Platelets I 1.6 I 1.6 1 
Hemoglobin 1 1.6 0 0 1 
Bilin.ibin 0 0 1 1.6 0 
Alkaline phosphatase 1 1.6 0 0 1 
AST 0 0 0 0 0 
ALT 2 3.1 0 0 2 
Creotinine 0 0 0 0 0 

AbbteYiation: ere, ccmmon loxicity criteria (version 2). 

Two deaths were reported during study therapy, both during 
the fin;t cycle of therapy. Both deaths were attributed to disease 
progression. Two additional deaths occurred within JO days of 
administration of the last dose of therapy; these were also 

1 attributed to disease progression. 

DISCUSSION 

Previous single-agent studies in MPM have indicated varying 
degrees of clinical activity with antifolates such as trimetrexate,6 

edatrexate, 7 and methotrexate. 8 Results of this study show that 
pemetrexed has moderate antitumor activity in chemotherapy-naive 
MPM patients. Allhough the reasons for such antifolate activity in 
MPM patients are unclear, a recent report has described the 
presence of a highly expressed, high-affinity alpha folate receptor 
on mesothelioma cells of all histologic subtypes.20 Although this 
type of receptor is only one of several described that can contribute 
to antifolate transport into cells, the highly expressed presence of 
such receptors may play a role in the efficient delivery of antifolates, 
such as pemetrexed, into mesothelioma cells. 

The observed (investigator-determined) response rate of 
14. l % in this study is comparable with published response rates 
for single agents. s-t l.2I Furthermore, the relatively large sample 
size, multicenter nature of this trial, and independent review of 

'.I; No. '.I; No. " No. 'J. 

.4.7 2 .4.7 3 1.4.3 8 38.1 
9.3 0 0 6 28.6 2 9.5 
2.3 0 0 0 0 1 .4.8 
2.3 0 0 0 0 0 0 
0 0 0 0 0 I 4.8 
2.3 0 0 0 0 0 0 
0 0 0 0 0 0 0 
4.7 0 0 0 0 0 0 
0 0 0 0 0 0 0 

time to progressive disease compared with nonsupplemented 
patients; but again, the number of patients in these subgroups is 
too small to justify any definitive conclusions. Thus, although 
patients who received vitamin supplementation were able to 
receive more pemetrexed, it is not clear that this translated into 
a true additional benefit from what pemetrexed alone provided. 
It is also important to note that there was no apparent adverse 
effect of low-dose folic acid and vitamin 8 12 to pemetrexed 
therapy on tumor response rate or time-to-event outcomes. 

As we have presented previously,24 patients in this study who 
responded to therapy also experienced increases in Jung volume 
and motility. These patients also reported improvements in QOL 
parameters, including dyspnea, pain, symptom distress, and 
functional capacity. The complete analyses of these data will be 
presented in a future publication. 

) patient responses increases confidence that the response rate is a 
_, true result for this patient population. 

The frequency and severity ofnonhematologic and nonlaboratory 
toxicities were low in both vitamin-supplemented and nonsupple
mented subgroups. However, supplemented patients had a marked 
reduction in hematologic toxicity, specifically grade 3/4 neutrope
nia, as well as a suggested improvement in signs and symptoms of 
toxicity. Overall improvement in severe toxicity after the addition of 
low-dose folic acid and 8 12 also has been observed in other 
pemetrexed studies. 25 Given the favorable safety profile, convenient 
administration schedule, and moderate single-agent activity, pern
etrexed is being investigated as a single agent in other tumor types. 
Two phase II non-small-cell lung cancer studies of single-agent 
pemetrexed n:sulted in response rates of 15.8%26 and 23.3%.27 

Additional phase II pemetrexed studies in chemotherapy-naive 
patients with breast, 28 pancreatic,29 and colorectal30

.3
1 cancer have 

yielded response rates ranging from 6% (pancreatic cancer) to JI% 
(breast cancer). 

Pemetrexed has been tested in two phase I studies in advanced 
MPM. In one study of 40 assessable patients, 11 patients had a 
diagnosis of MPM and received pemetrexed in combination with 
cisplatin. Five (45.5%) of 11 assessable MPM patients experi
enced a PR.22 In the other phase I study, all patients had a 
diagnosis of MPM, were chemotherapy-naive, and received 
pemetrexed with carboplatin.23 Eight (32.0%) of 25 patients 
assessable for response had a PR. 

In summary, pemetrexed demonstrated modest activity as a 
single agent and was well tolerated, particularly in patients who 
received low-dose folic acid and vitamin 8 12• A recently 
completed phase III study comparing pemetrexed and cisplatin 
versus cisplatin alone in chemotherapy-naive MPM patients 
should provide definitive evidence as to whether pemetrexed will 
become a component of standard therapy in MPM.32 
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Glossary of Clinical Trials Terms 

The following glossary was prepared to help the consumer become familiar with many of the 
common terms used in clinical trials. · 

ADVERSE REACTION: (Adverse Event.) An unwanted effect caused by the administration of 
drugs. Onset may be sudden or develop over time (SeeSide Effects). 

ADVOCACY AND SUPPORT GROUPS:Organizations and groups that actively support 
participants and their families with valuable resources, including self-empowerment and 
survival tools. 

APPROVED DRUGS: In the U.S., the Food and Drug Administration (FDA) must approve a 
substance as a drug before it can be marketed. The approval process involves several steps 
including pre-clinical laboratory and animal studies, clinical trials for safety and efficacy, filing 
of a New Drug Application by the manufacturer of the drug, FDA review of the application, 
and FDA approval/rejection of application (Seefood and Drug Administratio~. 

ARM: Any of the treatment groups in a randomized trial. Most randomized trials have two 
"arms," but some have three "arms," or even more (SeeRandomized TriaD. 

BASELINE: 1. Information gathered at the beginning of a study from which variations found 
in the study are measured. 2. A known value or quantity with which an unknown is compared 
when measured or assessed. 3. The initial time point in a clinical trial, just before a 
participant starts to receive the experimental treatment which is being tested. At this 
reference point, measurable values such as CD4 count are recorded. Safety and efficacy of a 

·drug are often determined by monitoring changes from the baseline values. 

BIAS: When a point of view prevents impartial judgment on issues relating to the subject of 
that point of view. In clinical studies, bias is controlled by blinding and randomization (See 
Blind and Randomization). 

BLIND: A randomized trial is "Blind" if the participant is not told which arm of the trial he is 
on. A clinical trial is "Blind" if participants are unaware on whether they are in the 
experimental or control arm of the study; also called masked. (SeeSlngle Blind Study and 
Double Blind Study). 

CLINICAL: Pertaining to or founded on observation and treatment of participants, as 
distinguished from theoretical or basic science. 

CLINICAL ENDPOINT: See Endpoint 

CLINICAL INVESTIGATOR:A medical researcher in charge of carrying out a clinical trial's 
protocol. 

CLINICAL TRIAL: A clinical trial is a research study to answer specific questions about 
vaccines or new therapies or new ways of using known treatments. Clinical trials {also called 
medical research and research studies) are used to determine whether new drugs or 
treatments are both safe and effective. Carefully conducted clinical trials are the fastest and 
safest way to find treatments that work in people. Trials are in four phases: Phase I tests a 
new drug or treatment in a small group; Phase II expands the study to a larger group of 
people; Phase Ill expands the study to an even larger group of people; and Phase IV takes 
place after the drug or treatment has been licensed and marketed. (SeePhase I, !!. Ill, and 
IV Trials). 
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COHORT: In epidemiology, a group of individuals with some characteristics in common. 

COMMUNITY-BASED CLINICAL TRIAL (CBCT):A clinical trial conducted primarily through 
primary-care physicians rather than academic research facilities. 

COMPASSIONATE USE: A method of providing experimental therapeutics prior to final FDA 
approval for use in humans. This procedure is used with very sick individuals who have no 
other treatment options. Often, case-by-case approval must be obtained from the FDA for 
"compassionate use" of a drug or therapy. 

COMPLEMENTARY AND ALTERNATIVE THERAPY:Broad range of healing philosophies, 
approaches, and therapies that Western (conventional) medicine does not commonly use to 
promote well-being or treat health conditions. Examples include acupuncture, herbs, etc. 
Internet Address: http:/lwww.nccam.nih.gov. 

COMPLETED: See Recruitment Status 

CONFIDENTIALITY REGARDING TRIAL PARTICIPANTS:Refers to maintaining the 
confidentiality of trial participants including their personal identity and all personal medical 
information. The trial participants' consent to the use of records for data verification purposes 
should be obtained prior to the trial and assurance must be given that confidentiality will be 
maintained. 

CONTRAINDICATION: A specific circumstance when the use of certain treatments could be 
hannful. 

CONTROL: A control is the nature of the intervention control. 

CONTROL GROUP: The standard by which experimental observations are evaluated. In 
many clinical trials, one group of patients will be given an experimental drug or treatment, 
while the control group is given either a standard treatment for the illness or a placebo (See 
Placebo and Standard Treatment). 

CONTROLLED TRIALS: Control is a standard against which experimental observations may 
be evaluated. In clinical trials, one group of participants is given an experimental drug, while 
another group (i.e., the control group) is given either a standard treatment for the disease or 
a placebo . 

DATA SAFETY AND MONITORING BOARD (DSMB):An independent committee, 
composed of community representatives and clinical research experts, that reviews data 
while a clinical trial is in progress to ensure that participants are not exposed to undue risk. A 
DSMB may recommend that a trial be stopped if there are safety concerns or if the trial 
objectives have been achieved. 

DIAGNOSTIC TRIALS: Refers to trials that are are conducted to find better tests or 
procedures for diagnosing a particular disease or condition. Diagnostic trials usually include 
people who have signs or symptoms of the disease or condition being studied. 

DOSE-RANGING STUDY: A clinical trial in which two or more doses of an agent (such as a 
drug) are tested against each other to determine which dose works best and is least harmful. 

DOUBLE-BLIND STUDY: A clinical trial design in which neither the participating individuals 
nor the study staff knows which participants are receiving the experimental drug and which 
are receiving a placebo (or another therapy). Double-blind trials are thought to produce 
objective results, since the expectations of the doctor and the participant about the 
experimental drug do not affect the outcome; also called double-masked study. SeeBlinded 
Study, Single-Blind Study, and Placebo. 
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DOUBLE-MASKED STUDY: See Double-Blind Studv. 

DRUG-DRUG INTERACTION: A modification of the effect of a drug when administered with 
another drug. The effect may be an increase or a decrease in the action of either substance, 
or it may be an adverse effect that is not normally associated with either drug. 

DSMB: See Data Safety and Monitoring Board 

EFFICACY: (Of a drug or treatment). The maximum ability of a drug or treatment to produce 
a result regardless of dosage. A drug passes efficacy trials if it is effective at the dose tested 
and against the illness for which it is prescribed. In the procedure mandated by the FDA, 
Phase II clinical trials gauge efficacy, and Phase Ill trials confirm it (SeeFood and Drug 
Administration (FDAl Phase II and Ill Trials). 

ELIGIBILITY CRITERIA: Summary criteria for participant selection: includes Inclusion and 
Exclusion criteria. (See Inclusion/Exclusion Criteri!) 

EMPIRICAL: Based on experimental data, not on a theory. 

ENDPOINT: Overall outcome that the protocol is designed to evaluate. Common endpoints 
are severe toxicity, disease progression, or death. 

ENROLLING: The act of signing up participants into a study. Generally this process involves 
evaluating a participant with respect to the eligibility criteria of the study and going through 
the informed consent process. 

EPIDEMIOLOGY: The branch of medical science that deals with the study of incidence and 
distribution and control of a disease in a population. 

EXCLUSION/INCLUSION CRITERIA:See Inclusion/Exclusion Criteria 

EXPANDED ACCESS: Refers to any of the FDA procedures, such as compassionate use, 
parallel track, and treatment IND that distribute experimental drugs to participants who are 
failing on currently available treatments for their condition and also are unable to participate 
in ongoing clinical trials. 

EXPERIMENTAL DRUG: A drug that is not FDA licensed for use in humans, or as a 
treatment for a particular condition (See Off-Label Use). 

FDA: See Food and Drug Administration 

FOOD AND DRUG ADMINISTRATION (FDA):The U.S. Department of Health and Human 
Services agency responsible for ensuring the safety and effectiveness of all drugs, biologics, 
vaccines, and medical devices, including those used in the diagnosis, treatment, and 
prevention of HIV infection, AIDS, and AIDS-related opportunistic infections. The FDA also 
works with the blood banking industry to safeguard the nation's blood supply. Internet 
address: http://www.fda.gov/. 

HYPOTHESIS: A supposition or assumption advanced as a basis for reasoning or argument, 
or as a guide to experimental investigation. 

INCLUSION/EXCLUSION CRITERIA: The medical or social standards determining whether 
a person may or may not be allowed to enter a clinical trial. These criteria are based on such 
factors as age, gender, the type and stage of a disease, previous treatment history, and other 
medical conditions. It is important to note that inclusion and exclusion criteria are not used to 
reject people personally, but rather to identify appropriate participants and keep them safe. 

IND: See lnvestlgational New Drug 
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INFORMED CONSENT: The process of learning the key facts about a clinical trial before 
deciding whether or not to participate. It is also a continuing process throughout the study to 
provide information for participants. To help someone decide whether or not to participate, 
the doctors and nurses involved in the trial explain the details of the study. 

INFORMED CONSENT DOCUMENT: A document that describes the rights of the study 
participants, and includes details about the study, such as its purpose, duration, required 
procedures, and key contacts. Risks and potential benefits are explained in the informed 
consent document. The participant then decides whether or not to sign the document. 
Informed consent is not a contract, and the participant may withdraw from the trial at any 
time. 

INSTITUTIONAL REVIEW BOARD (IRS): 1. A committee of physicians, statisticians, 
researchers, community advocates, and others that ensures that a clinical trial is ethical and 
that the rights of study participants are protected. All clinical trials in the U.S. must be 
approved by an IRB before they begin. 2. Every institution that conducts or supports 
biomedical or behavioral research involving human participants must, by federal regulation, 
have an IRB that initially approves and periodically reviews the research in order to protect 
the rights of human participants. 

INTENT TO TREAT: Analysis of clinical trial results that includes all data from participants in 
the groups to which they were randomized (SeeRandomization) even if they never received 
the treatment. 

INTERVENTION NAME: The generic name of the precise intervention being studied. 

rNTERVENTIONS: Primary interventions being studied: types of interventions are Drug, 
Gene Transfer, Vaccine, Behavior, Device, or Procedure. 

INVESTIGATIONAL NEW DRUG:A new drug, antibiotic drug, or biological drug that is used 
in a clinical investigation. It also includes a biological product usedin vitro for diagnostic 
purposes. 

IRB: See Institutional Review Board 

MASKED: The knowledge of intervention assignment. SeeBlind 

NATURAL HrSTORY STUDY: Study of the natural development of something (such as an 
organism or a disease) over a period of time. 

NEW DRUG APPLICATION (NDA):An application submitted by the manufacturer of a drug 
to the FDA - after clinical trials have been completed - for a license to market the drug for a 
specified indication. 

OFF-LABEL USE: A drug prescribed for conditions other than those approved by the FDA. 

OPEN-LABEL TRrAL:A clinical trial in which doctors and participants know which drug or 
vaccine is being administered. 

ORPHAN DRUGS: An FDA category that refers to medications used to treat diseases and 
conditions that occur rarely. There is little financial incentive for the pharmaceutical industry 
to develop medications for these diseases or conditions. Orphan drug status, however, gives 
a manufacturer specific financial incentives to develop and provide such medications. 

PEER REVIEW: Review of a clinical trial by experts chosen by the study sponsor. These 
experts review the trials for scientific merit, participant safety, and ethical considerations. 

PHARMACOKINETICS: The processes (in a living organism) of absorption, distribution, 
metabolism, and excretion of a drug or vaccine. 
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PHASE I TRIALS: Initial studies to determine the metabolism and pharmacologic actions of 
drugs in humans, the side effects associated with increasing doses, and to gain early 
evidence of effectiveness; may include healthy participants and/or patients. 

PHASE II TRIALS: Controlled clinical studies conducted to evaluate the effectiveness of the 
drug for a particular indication or indications in patients with the disease or condition under 
study and to determine the common short-term side effects and risks. 

PHASE Ill TRIALS: Expanded controlled and uncontrolled trials after preliminary evidence 
suggesting effectiveness of the drug has been obtained, and are intended to gather additional 
information to evaluate the overall benefit-risk relationship of the drug and provide and 
adequate basis for physician labeling. 

PHASE IV TRIALS: Post-marketing studies to delineate additional information including the 
drug's risks, benefits, and optimal use. 

PLACEBO: A placebo is an inactive pill, liquid, or powder that has no treatment value. In 
clinical trials, experimental treatments are often compared with placebos to assess the 
treatment's effectiveness. (See Placebo Controlled Stud"'. 

PLACEBO CONTROLLED STUDY:A method of investigation of drugs in which an inactive 
substance (the placebo) is given to one group of participants, while the drug being tested is 
given to another group. The results obtained in the two groups are then compared to see if 
the investigational treatment is more effective in treating the condition. 

PLACEBO EFFECT: A physical or emotional change, occurring after a substance is taken or 
administered, that is not the result of any special property of the substance. The change may 
be beneficial, reflecting the expectations of the participant and, often, the expectations of the 
person giving the substance. 

PRECLINICAL: Refers to the testing of experimental drugs in the test tube or in animals - the 
testing that occurs before trials in humans may be carried out. 

PREVENTION TRIALS: Refers to trials to find better ways to prevent disease in people who 
have never had the disease or to prevent a disease from returning. These approaches may 
include medicines, vaccines, vitamins, minerals, or lifestyle changes. 

PROTOCOL: A study plan on which all clinical trials are based. The plan is carefully 
designed to safeguard the health of the participants as well as answer specific research 
questions. A protocol describes what types of people may participate in the trial; the schedule 
of tests, procedures, medications, and dosages; and the length of the study. While in a 
clinical trial, participants following a protocol are seen regularly by the research staff to 
monitor their health and to determine the safety and effectiveness of their treatment (See 
Inclusion/Exclusion Criteri!). 

QUALITY OF LIFE TRIALS (or Supportive Care trlals):Refers to trials that explore ways to 
improve comfort and quality of life for individuals with a chronic illness. 

RANDOMIZATION: A method based on chance by which study participants are assigned to 
a treatment group. Randomization minimizes the differences among groups by equally 
distributing people with particular characteristics among all the trial arms. The researchers do 
not know which treatment is better. From what is known at the time, any one of the 
treatments chosen could be of benefit to the participant (SeeArm}. 

RANDOMIZED TRIAL: A study in which participants are randomly {i.e., by chance) assigned 
to one of two or more treatment arms of a clinical trial. Occasionally placebos are utilized. 
{See Arm and Placebo). 
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RECRUITING: The period during which a trial is attempting to identify and enroll participants. 
Recruitment activites can include advertising and other ways of solicting interest from 
possible particpants. (See recruitment status and enrolling). 

RECRUITMENT STATUS: Indicates the current stage of a trial, whether it is planned, 
ongoing, or completed. Possible values include: 

• Not yet recruiting: participants are not yet being recruited or enrolled 
• Recruiting: participants are currently being recruited and enrolled 
• Enrolling by invitation: participants are being (or will be) selected from a predetermined 

population 
• Active, not recruiting: study is ongoing (i.e., patients are being treated or examined), 

but enrollment has completed 
• Completed: the study has concluded normally; participants are no longer being 

examined or treated (i.e., last patient's last visit has occurred) 
• Suspended: recruiting or enrolling participants has halted prematurely but potentially 

will resume 
• Terminated: recruiting or enrolling participants has halted prematurely and will not 

resume; participants are no longer being examined or treated 
• Withdrawn: study halted prematurely, prior to enrollment of first participant 

RISK-BENEFIT RATIO: The risk to individual participants versus the potential benefits. The 
risk/benefit ratio may differ depending on the condition being treated. 

SCREENING TRIALS: Refers to trials which test the best way to detect certain diseases or 
health conditions. 

SIDE EFFECTS: Any undesired actions or effects of a drug or treatment. Negative or 
adverse effects may include headache, nausea, hair loss, skin irritation, or other physical 
problems. Experimental drugs must be evaluated for both immediate and long-term side 
effects (See Adverse Reaction). 

SINGLE-BLIND STUDY: A study in which one party, either the investigator or participant, is 
unaware of what medication the participant is taking; also called single-masked study. (See 
Blind and Double-Blind Study). 

SINGLE-MASKED STUDY. See Single-Blind Study. 

) STANDARD TREATMENT:A treatment currently in wide use and approved by the FDA, 
considered to be effective in the treatment of a specific disease or condition. 
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STANDARDS OF CARE: Treatment regimen or medical management based on state of the 
art participant care. 

STATISTICAL SIGNIFICANCE:The probability that an event or difference occurred by 
chance alone. In clinical trials, the level of statistical significance depends on the number of 
participants studied and the observations made, as well as the magnitude of differences 
observed. 

STUDY ENDPOINT: A primary or secondary outcome used to judge the effectiveness of a 
treatment. 

STUDY TYPE: The primary investigative techniques used in an observational protocol; types 
are Purpose, Duration, Selection, and Timing. 

SUSPENDED: See Recruitment Status 

TERMINATED: See Recruitment Status 
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TOXICITY: An adverse effect produced by a drug that is detrimental to the participant's 
health. The level of toxicity associated with a drug will vary depending on the condition which 
the drug is used to treat. 

TREATMENT IND: IND stands for lnvestigational New Drug application, which is part of the 
process to get approval from the FDA for marketing a new prescription drug in the U.S. It 
makes promising new drugs available to desperately ill participants as early in the drug 
development process as possible. Treatment INDs are made available to participants before 
general marketing begins, typically during Phase Ill studies. To be considered for a treatment 
IND a participant cannot be eligible to be in the definitive clinical trial. 

TREATMENT TRIALS: Refers to trials which test new treatments, new combinations of 
drugs, or new approaches to surgery or radiation therapy. 

WITHDRAWN: See Recruitment Status 

Glossary Sources: 

AIDSinfo: Glossarv of HIV/AIDS-Related terms 4th Edition. 
CenterWatch, Inc. Patient Resources: Glossary. 
ECRI (fonner1y the Emergency Care Research Institute). 
Eli Lilly and Company: Lilly Clinical Trials Glossary. 
MediStudy.com Inc: ClinicalTrials: A-Z Glossary. 
National Cancer Institute: Cancer.gov DI ctlonarv. 

Background Information 

Last Updated: 2007/09/20 
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or ~ new drug !or wblch a marketing 
ap~llcaUon h1111 not beon approved; (Ill) 
tho ~rug Is not being commercially 
promoted or advertised: and (Iv) the 
aponaor or the drug Is actively pursuing 
marketlnr approval with due diligence. 
FDA must be notified In writing In ad· 
vance or commencing any such 
charges, In an lnformaUon amendment 
submitted under 1312.31. Authorization· 
ror charging goes Into ecrect automatl· 
cnlly 30 days after receipt by FDA or 
the Information amendment, 11nleaa the 
ePonaor Is notl tied to the contrary. 

131 Nancammercializatlan o/ lnuuUga· 
llonol drug. Under this section, the 
eponaor may not commorclallze a,n In· 
veeLlgatlonal drug by charging a price 
larsor than that neceaaary to recover 
cost.a or manufacture, research, devel· 
opment. and handling or the lnvutlga. 
tlonal drug, 

(1) Wlthdmwl of ardhoruallon. Au· 
thorlzatlon to charge ror an lnvesLlg11· 
Uonal drug under this section may be 
withdrawn by FDA IC the agency finds 
that tbe conditions underlying the au· 
thorlzatlon are no lonrer satla!led. 

(Colltcllon or lnlormatlon requirements ii>' 
proved by the Omce or Mlnagement and 
Dud,eL under conuol number 091~0010 

1~2 FR 8831, Mar. 19, 198'1, u amended at $2 
FR 19476, May 2'l, 19871 

1312.10 Walvrn. 

(a) A sponsor may requeet FDA to 
waive applicable req11lrement under 
Lhld p11rt. A w11lvor request may be eub· 
n1IUod olLher In an IND or In an lnfor· 
nintlon amendment to au IND. In an 
emergency, a request may be made by 
Lelephooe or otber rapid communlca· 
Uon meana. A waiver request la re· 
qulrod to contuln nt lmt 0110 or tho 
lollowlng: 

(I) An explanation wby tbe aponeor'a 
compliance wltb the requirement Is un· 
neceeaary or cannot be achieved; 

(2) A domlptlun ur nn 11ll.ur1111Llvo 
aubmlaalon or course or action that 
eatlellea the purpoae of the require· 
moo~: or 

13) Other Information justifying a 
w11lvur. 

(b) FDA may grant a waiver IC I~ 
· !Inda tbat tbe eponaor'a noncompliance 

would not poae a algnl(lmt and unrea· 
111111~blo rlBk to human aubJocte or tho 

\j 
21 CfR Ch. I (4-1-97 Edlllon) 

Investigation a.n~ that one of the Col· 
lowlng la met: 

(I) Th~ aponsor's compliance with the 
requirement Is unneceaaary for the 
agency to evaluate the 11.ppllcatlon, or 
compliance c~nnot be achieved; 

(2) The sponsor's proposed alter· 
native satisfies the requlremen~; or 

(3) The appllcant'a submlaaloo other· 
wise just!nes a waiver. 

tCollectlon or lnrormatlon requlrementa ap· 
proved by the Olllce ol Manarement and 
Budge~ under control number 09111--00IO 

f~2 FR 8831, Mar. 19, 1981, u amended •t $2 
FR 11031, June IT.198'1) 

Subpo~ B-lnvesllgollonol New 
Drug AppUcallon (IND) 

1312.20 Requirement far an IND. 

(a) A e[lOnaor shall submit an IND to 
FDA tr the sponsor Intends to conduct 
a clinical Investigation with an lnvea· 
tlratlonal new drug that le a11b)act to 
f 312.2(a). 

(b) A &Ponsor shall not begin a cllnl· 
cal Investigation subject to i312.2(a) 
until the Investigation ls subject to an 
IND which Is In errcct In accordance 
with 1312.40. 

(c) A sponsor shall submit a separate 
IND ror any clinical Investigation In· 
volvlng 11n exception rrom Informed 
consont under UD.24 or this chnptcr. 
such a clinical Investigation la not 
permitted to procoed without the prior 
written authorltatlon rrorn FDA. FDA 
shall provlda Buch wrltton authorlia· 
tlon 30 uaya artor •'DA rocolvus the 
IND or earlier. · 
(S3 FR 8831. Mar. 19, 198'1, u &mended at 61 
FR ~1$29, Oct. 3, 19961 

1312.21 Pb1111 of an lnvutl111tl~n. 
An IND may be aubml tted for one or 

more phases or ail Investigation. The 
clinical Investigation or a previously 
1u1lu11l.111l 11t·11K 111 Klll111r11lly dlvl1h11l l11l.11 
th1·ee phases. Although In gonur11l tho 
phases are conducted sequentially, 
they may overlap. These three phases 
or an Investigation are a followa: 

74 

(11) /'lu11c /, (I) l1hm I lnuhulo- tho 
Initial Introduction or an lnvostlga· 
tlonal new drug Into bumana. Phase I 
studlea ara typically cloaely monitored 
and ml\y ho conducted In patlonte or 

(· 
l 

\,....' 

food and Drug Admlnlstrollon, HHS 

normal volunteer subject.a. These stud· 
les m designed to dotennlne the me· 
tabollsm and pharmacologlc actlona or 
the drug In humans, the aide eff ecta 88• 
aoclated with locreaslnr doses, and, If 
ponlble, to gain early evidence on er. 
recL!veneas. During Phase I, eurClclcnt 
lnformaUon about the drug's 
pharmacoklnetlca and phannacologlcal 
errects should be obtained to pennlt 

· lhe design or well-controlled, sclentll· 
· · lcally valid, Phase 2 studies. The total 

number or subject.a and patlenta In· 
eluded In PhaH I atudlea varies with 
the drug, but la generally In the range 
or 20 to eo. 
m Phase I studios alao Include atud· 

les of drug motabollam, atructure·ac· 
tlvlty relatlonahlpa, and mechanism or 
action In human&, aa well aa studies f11 
which lnveatlgatlonal drura are uaad a.a 
research t.oola to explore biological 
phenomen11 or dlseue procesees. 

(b) Phase 2. Phaae 2 Includes the con· 
trolled clinical studies conducted to 
evaluate the errectlveneaa or tbo drur. 
for a particular Indication or lndlca· 
llons In patients with tbe disease or 
condl tlon under atudy and to deter· 
mine the common ahort•tenn side eC· 
reels and risks associated with tho 
drug. Phase 2 studies are typically well 
controlled, clmly monitored, &nd con· 
ducted In a relatively amall number or 
patients, usually Involving no more 
Lhan several ·hundred subject.a. 

le) Phase J, Phoaa 3 atudlee aro ex· 
panded controlled and uncontrollod 
trials. They aro pcrlorrnod altar pro· 
lhnlnary evldonco auggoaLlnr orror:Uva· 
ness or the drug baa boen obtained, and 
are Intended to gather the addltlonal 
lnrormatton about errectlvenese and 
safety that Is noeilcd to evaluate the 
ovorall bundlt·rluk rol~tlu111hl11 or tho 
drug and to provide an adequate baste 
/or physician labellnr. Phaae 3 studios 
usually Include lrom eeveral hundred 
lo aovornl thnusand sub)or.111. 

131U2 General prlnclplu or tho INO 
lubmhslon. 

(a) ~'DA 'a primary obJecLlvea In ro· 
YluwlnK an INn 11ro, In 1111 phRKOR nr Lhn 
lnvuaLIKuLhm, Lo 111w111ru Lho u111ttLy 111111 
rlghta of aubjecl.8, and, In Pba111 2 and 
I, to holp aaeuro that tho quality or Lho 
iclenLlnc evaluation or druga la ade· 
llUBLo ti lllll'llllL All ttv1~h111Llun n( tlHI 

/' 'lfi 

1312.22 

drug's effectiveness and sRlety. Ther~· . · 
fore, although FDA'e review or Ph~~~ I 
submissions wlll rocua on asaessl11g the 
aaCety of Phase 1 lnvestlgaUona, FD~·s 
review or Phases 2 and 3 submissions 
will also Include an ~aell8ment ol the 
eclentUlc quality or the clinical lnvoa· 
tlgatlona and the llkellhocd that the 
lnveatlgatlons will yield data capable 
or meeting statutory atandards ror 
marketing approval. 

(b) The amount or Information on a 
particular 4rur that must be aubinltted 
In an IND to aasure tha accomplleh· 
mcnt oC the objectives described In 
par11graph (a) of this section depends 
upon euch !actors aa the novelty or tho 
drug, the extent to which It bae been 
studied previously, the known or aua· 
pected rlaka, and the developmental 
phue or the drug. 

(c) The central focua or the Initial 
IND eubmtaalon ehould be on the gen· 
eral lnveattrattonal plan and the proto· 
cola for apeclnc human etudlea. Subae· 
quent amendment.a to the IND that 
contain new or revised protocole should 
build logically on previous aubmlaelons 
and ehould be supported by additional 
Information, Including the results or 
animal toxicology studies or other 
human studies as appropriate. Annual 
reports to the IND should serve aa tho 
focus ror roportlng tho status or studios 
being conducted under the IND and 
should update the general lnvestlga. 
tlonal plan !or tho coming year. 

(ti) Tho nm rormat eat rorth In 
§312.23 altould bo ruuowod routlnoly by 
apansors In the Interest of fostering an 
e!Clclent review or applications. Spnn· 
aors are upoctod to exercise consider· 
ahlo dlacrutlon, howovor, rur11rdlnr Ll111 
conLunt or l11furm11t1011 aubmlLL01l In 
each section, depending upon the kind 
or drug being studied and the nature or 
the a-1allable Information. Section 
3l2.?:l 1111l.llt11111 Um l11fur11111L1011 111111111111 

Cor 11 co111111orclully apouaorod INIJ fur 11 

new molecular entity. A eponsor·lnves· 
tlg11tor who um, aa a resoarch tool, an 
lnvnetlRatlonal now drug tha~ Is al· 
r11111ly 1111bJ111:L Lo ~ 111111111!111:Lurur'u INll 
or m11rkuLl111 application ahould Mluw 
tho same general format, but ordl· 
narlly may, IC authorized by tho manu· 
flu:Luror, 1·nror Lit tho m~n11r11cturor'a 
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Amino acid metabolism, folate metabolism, a\..-l the '1-carbon pool', 
part I: purine biosynthesls 

Dllfomlll, 
Co;•miooollMPIDATP.IMP 
~wil'llSPWll~illl 

Pll"""OIOTPID(ami 
ld:ii1lclil:cin111,wlidi11 
c!Qyoi~lamifunmiltllll 

AMP.Th!AMPcuba 
~~~P,wllidi 
,.,,.. .. ,411i,, 
pholit.a:!l~ .. •lamiATP. 

c ... 111la1111llMPIDGTP, IMP 
UOlolJld~UDllllll 

m010p.\Olplwc(XMPl,wilich'b 
1min111d•fO!lllOMP,wllicbn 
~blld1ofamiODP.ODP 

l~byATP•• 
111<1lli1<lillymib)DIXll4lld; 

dipb-~iwc.A~l•dJ, 
•htt>U. Knill e~~ b ltliot. 
OTPl1flllllOlf10010DPbJ 
~n~CoA1)111ii:wi. 

F-ilon d dATP ldtol~ 
ldtl111111lrlphospilalrl•'!i 
dGTP(~at 
lllpbcqlll1tl,Th!deai)liba
n11CllllidtlillTPIDdd(iTPm 
llll!Dl4bJftm~n11DPllll 
OPPIDdADPl!idOOPlftilll 
paw alt~ 
-Thaca;libllqoallly 
[llosrlltm!llUdmfamidATPlllll 
dOTP,olid!Cll~Ulllil~lll 

1ynillli1lllDNA, 

l4 

The 11-carbon poor 
This rum dtsrnbt.1 lhe l.a!bon 111iducs wcciarld wi1h S·ad111D1)11111o 
lhlonlntnrullol11twhith11t111il1blefotlllCllbolitl!lCIJons. 

S·Adenosylmethlonloe (SAM) 
SAM, wllith 11 fomlld from inetlliooinc, il lhc 111jm dollOI of mllhyl 
!fOUpilmbiotynlhclitrutti11111.l1can,fm1.11mpl~Mylliel'IOllll1t11-

ahne lo fo1111 BilRllalm~ u lhown in Ile tlwl oppolltt Olhel unponam 
llldions inv0Mn1 SAM include Ille 111C1hylau1111 of phosphitid)1-
llhaoolanunetapllllph1Udyltbaliae.IOOlhefOn111ti1111ofa111ine. 

The lolate '!o(Drhon' unirs 
The viuntin fo\1~ is lld11C!d 1n 1wo 111ges by dihydmfola1e llducwi 1o 

produu 1hucuveform,!etrahydrafalalt('!Kfl. THFi11 Ytflltllccani" 
ol i>CM uni~ in tile following 01idarlon 111111: lllllhyl. melliylene. 
lllClhnyl, and rorm~. These THF compounds, w~di 1111 irneit0nvenibl~ 

iogeW!witli SAM,compriic wbl1i1known11thc '1-(!rbon' pool. 

Amino acid• and tho 11-carbon' pool 
Senne iJ convtttcd io d1d11, in 1 rmoo t1lllyfilll by 11rtne hydniiy• 
l\ltlll~trallll11111, withlhe lfllllslerof 1methyl groupw thc THFIOll IO 

font1N',N•ollllhyk11tTHF. 'lllilrtlCUOn ii penicullrly impo!tlnl in lhe 
lllymidyi11111nlhlse mn mbed in Chapllr 14. Olidalionof glycine 
in milothoodri! by lhl glycine cleaY1Jl t1zymc ~IO produccl N1Ji11• 

melhyleneTHP(11eOtiptcr19). 

Tl)ptopban is 01idized w N·formylkynu1111ine which. in Ille Jl'C!Clli:cof 
f0111WDldm. ~tldl l)llmmc ind i!lt 101ic piodut1 !01111111. THF 

wpU lhl fo111111t, prOOllCinJN11~onnylTHF. 
Mtthloulnt, 11men1ionedabClv1,blimplltllllOlof SAM whttb,fol~w· 

ing lllil!fer of tht rne~yl l1DUp. fOIDll homoey1~i111. Melhiamne can be 
l?,!llll~ltd from homocy1~1ne by mtlhyl~1on using N1-rntlhyl THF in a 
11lvig; pilhway. NB1 ThiJ tu!don, talllystd by liomocy11ti11e meilsy\. 

111nlf11111, 11q11i1111'111lnln 811 and l1tk of lhi1 ~llmin cu lead 10 foille 
beingt1ugh1 inlhl 'methyl-lolal!' lllp(11ebelow). 

Amino acid metaboll•m and purlne synthesis 
Gfydne t0Nribu111 Ille~. C·l, ond N-l 11oms IO !be purine nng in a r!IC· 

llOll Clllljsed by 1lycilllll!ide ribonw:liotide (OAR) sylllscwe (SIC Omn 
ll). 

Alplrtalt is en imPQllllll dQnll! or ni1rogen llOnu during punne blOljll• 

illesil, tonUibuung tilt N-1 uom lo tile punne ring, and tile ·Nll1 Jrol!P in 
tli1edenylo!ltcilll~lynilliWeJllClialollls&p1tilw1ywhidlfnAMP 

lromiooiine111Dnophoiplmle(fMP)(11eDiag111123.I). 

Glulamlntplayt a YllJ tmpllllAlllttic in nucleotide 111111boli1m. ll 
donnl!S Ille rul!Ogen illi1ll whkh !oms N-9 and N.J of tile purine rinJ. l11ilo 
p1nicipiiei in 1ho amnlllion of 1anliline monoplios(W~ (XMP) IO lonn 

gu1nos111C monophospltlll (OM~ (Diigram 23,1). 

Bloayntheala of purines 
Purine nui:lwudes can be synllsesiUd dt noro. They can ~so be ieclaimed 
from e11111111 nudtosidei by lflt »tliled '1111'111 pa~way' (I!! Chlptes 
!I). Thedtno111p1ttr11yneeds '19' uniu rromlhefolarepool,11\d 
ll'IU1l1111ino11idl11delllledbelw. 

D1 na~a pathway for purine blosynthesls 
The pM\lw1y ill1ll widl dbo!I !·phlllpliall fonn!d by Iii! pt11W!t phos· 
pbatc p1lllw1y (i« 01111 23), Thi1 is 11ti•lled \o flllll phmphorlbol~ 
pympbolphl~ (PRPP). A IOlll of II 111i:tions IS ~ IO form IMP 

(ll!Olmi: monoplsol~lil 111 lllO!inic acid), •hith 11 lhe pmurior of die 

adenine· and glllftinHOOllinina nui:lcoUd11. The 1mporlln1 rolel of glu11-
m1111 md 11parwe u amino donm are emphlsi!ld. A IOlll of 111111 

gluwnine rnoltc11lel 11111one11pw10 moltc111e is need!d !or lb& 1ynl!i!lis 

of OMP. Simtllrly, 1111111 oltwo ~u~mme ind rwo llpWIC rnoltc11lt1 ~ 
needed for AMP synwsit A molecule of 1lycine ii nr:ided in uch cue, 

Thedl no111 palhway i1 conU111led by feedback inhibi1ion of PRPF IJlli. 
do111111fm by AMP 11111 OMP. In primal)' JINI ~ii (Mk tonlrol ~ 

impaired. uusing increased prodl!Clion of pilln11111Uking in die 1nawed 
formaliQn of lhcir 1pui1gly iolu~e t1t111Cf)' prod\ltl. lllllt 

Vltlimln 811 aftd !ht 'melhyl-tolalt lrap' 
Viumin Bn, or 111D11 p111i1ely iu rntthyl eobal1111in deri•11ive. ii an 1&11n· 
1ialclll!lly1111forllieUllllferofmt!hylj11111piintbe11111hlollineial111e 
patil111y (Ill: Chui ll). Atco!din~y, m ,811 deficiency, THF ~be 
ldeased and llmlins lllppid 11 N1·methyl THF. Evlllllllly, w:~ng 10 

1ho h)!'llfielil, 11l lhebody'1 foll~ becooles lllpped in lheH1·rnelhyl THP 
form, !00 iofolllt deficiency devdopi KCOlldlry IO 811 deflciency. Bwwe 
blood !lib 111n1 over llpidly, !hey need nucl!OO<b for nucleic acid 1ynlhe
li1 Ind 11t vulne:ahk IO fob~ defitieney, •hii:h tllllel meplobllllic 
1n11mii 

The rneihyl-lol1~ lrlp hypahe!is 1:1pl1ln1 !he obllri1tion ~1~ ahhough 
lhe hllmll~o11t.ll 1y•nu of B11 il<liti1ncy111im ro folail llllillltllt 
lhc ""11>loptll dege11111uon progielltl. Reirtmbcr lliu lhc olhe! cniyme 
for w~ch ~1 i11 ttenzymt i1 melhylrnalon1l CoA m11~11: (1e1ChapiUI,18 
and 19). AtC111nul11ion of !Mlhylmalonyl CoA lilly inllrf111 •II~ lhc 
bios)'lllht1doflipidsncidedforlhtmyelinlheaih. 
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:11 r. Amino acid metabolism, folate metabolism, anl.ne 11-carbon pool', ,. part II: pyrimidine biosynthesis ~ 

1· D8b 
~· 

~~ 
Amino aold metabolism and pyrimidine 'l1ie dinicll \lalefll IO palienu trtl~ wnh high doRl ol mcihttrua~ ii 

! bloiynlheala im~vl4 by lhe llC of folinic lei~ N'·foimyl TllF {also kno111111 lcuco. 

t' 
Thi pyrimidine riD& ii dcriv!d from glulllni111, llPllll!e llld biCliliolllU. 111rin),"1ilch'111C11e1'medhfromlhe1011cellec11ofllll!ilXru.11e. 
The 8111 IQCljOll ~in lhe qtollll and p1'0lllca ClrhlllO)I phalpba~ 

," 
fimn bicmboliltl, ghlllmioe llld lwo QIO\e<ol11 of ATV. Thia ii 11miill 1a Andp)llmldlnel 
Ilic milocllllldnll 1t11:U011 involved m lilt lllll crcle, whlchdiffe~ in 11111 ii Fluorourxil inhi~" lhym~ylill 1ynlh111111111 Illus p1mn~ lhe convmion 
I011111cllblmoyl p\lolpllate from hClibonllC llld NM; i01IL Thi 1111 of Iii! oldUMPtoim.tP. 
pyrimidine rillj i1doallell by 11pu11~111d, aftcrrina cl01uieand 01idatio~ 

Oiut M ipplll~. 81~,,uaii Orotall is fllllll!d. h ii al du! lt!ge ihlt phospborlbo!JI p)nipbospha!I An~purlncs 
ofpillnudioa. (PRPPI ii iddedroyield oroddbi1 mD110pb111Pba~ (OMP) >ilidi, follow· MeJllP!Opuine inhihi" p11rin1 biOl)'llW II aeMl lll&IS.11 inhibils 

ina dlclrlio1ylllion, pmluces urldlu monopblllj)ball (UMP), wbich ii PRPP·amidotnnsfuue (111 Chit ll). IMP ddiydmgtll!SC 111111 adenyJo. 
lhecommoa~ol~~Pirimidipe.(jln\llniqnudeotl~ auccinate synlh!We(ttt Diignm 2).1). 

Conversion of UMP to UTP and CTP Salvage pathway• for the recycling of purlnH 
UMP is phosphmylllld by 1 l[l«iffc UMP kiDlll IO form uridlne dipJH.is- and py~mldlnea 

' 
pha~ (UDP), which in IUJli i1 phalphorilllld by th! llOll·specific nuclcolidi Whlnmicleicicidsllldnucl!Clidei111dtgraded.thcfrtep11rineandpyrim· 

: ~~ kinl!c 10 yi1~ urldln1 lrtphlljlhall (llTP). When UTP ii idineblles111fOl11\ld Thlllcanbe11Cyclcdby'llivig1paihway1'~ch 
I' uni1111Cd, q1Jd\111 lrtph11Spbale (CTP) 11 f011111d 11q11ire mud! 1w m compalli llilil Iha tlltrg)·1ollllliv1 d1 now path-
~: 
f· 111yt. The ulvag1 paihw1y1 require specinc pbc5pboribolfl ln.Ul11'1111 

~; ·. 
Formation of deoxycytldlne trlphoaphate (dCTP) (PATii whose funaions 111 IDllogou1 ID lhlt of 1rolall PRT {aie chlll 
and deo•ythymldlne t~hoaphate (dTTP) oppoai~). 

dCTP ii fonned from CDP by ribllllucllOlidc •1111, as descnbed firlhl 
;!' )lltillooion Of lhe puri111<o1111inin1 deol)Tibooulleotida in Oiepier ll. AMP salvage 

:1 
Thi palilway Im ~a fOtlllllion of dl'l1' it qui~ disdlltl from ihll us!d IO idmlne + PRPP ldcninl PK\' AMP + PP1 ,. 

produu dA TP, dGTP llld dCTP. The pllhway llW wilh dCDP, which ia 
'!I dcp\lmp\IJ!ylllld l!id dwnillllld IO ~dd dlOIJllrld\111 mootpbos)illalr 

·' 
(dUMP). Thil ia IDldiy~ICd by N1,Nll.1111!h~IDI THF wbich b 01i~ud IMP and GMP salvage 

'I, 
todlb1drofilat1 (OHi') ~ theltlllioncalllylld bytb)11lldJlal! 1111lhale. BOio\ hypo11111iin1 and iuanine can be Uli.d u subsintts by Iha llll)llll \ 

" uid dtol)lllJ1111dlna 111oaopbmph1k (dTMP) is fooncd. The a'l'MP II involvcd: 
.1: 
'I now illol~ll!dby a'l'MP~1111tendnucl~idc ~(iiosphail~i1111110 bJpaunlhlnl + l'RPP ---:--+ IMP + PP1 .'1 

proillce4TTP. hr~mntbine--'I' ramnel'RT 
:11. I.cl 111 lllillll IO Ilic DHP, wbicli ii fanned by lhe tliymidyla~ synlhase gulllinl + PRPP - GMP t PP1 
~·· .1 rtl(lion. 1bii is flduced by dlb,mlolate rtdm, 'ltiich ngeorntcl 
1~ lltrlb1drof!Ufe (THf), The eye~ b airnpJllCd wh111 lhil THF plllia· UMP and TMP salvage 
,1 
'J, pllll in lhe amna bydni1ynldhyilnnd11111 ltldiDll which pmiuces undl t PRPP UMP+ PP1 ,I.· 
i' ~yci111 l!ld N1,N100melhylC11 Tl\P, llilich ii POW milablc Olltl ll\Oll !111 wikhymi111PRI' 
i•i 
I.• 

lllllbymid)latisynihllclllCllOI\ lhyml111 + l'RPP ThlP + PP1 
~· 

lj' cancer chemotherapy NB1 Ul!Ci~lhymme PRT can\IOl 1111C)1osicc11 uubllrlle. 
!: BICIWe rlpidly dividing C111C11 cdl1 hni a grlll dcmlAd fix DNA ,, 
:t·: 1ynllics1~ much 1111ntion has been dirm!d m lhl pai!iwa)'I for~- L11c11-Nyhan a~ndrome 
:1·. 11nlloell111 lhe lllJll IO! ~oliltnjatic i111r1111tioo. l'll!lc dnip 111 This Is en ullW!y 1111 dilonlci Cllllld by dlllOll lotal 4!6d1ncy ol ~' 
I" 
"I• dwlfird by phlmialologilll as 'l!llinw.laboli111' Ind rdl illlo !he (~lowing hypo1ulhine·1111111ne PRT. l1 lhi1 condilioo, which 11 ctwacririud b). ,, 

catcaorits · 1illllll1inc 11111gonilll. fol!ll 1D11gani111, anlipyrimidinu llld wm sdf·mulilauon, Iha aalvagc pathw11 is inaciiv~ Con11qu1ntl), !ht ' 

f 111ripun1111. Irie plllinu hypouollune 11d gullli111.111 insllld o•~iud br 1111thm;;· 
,, 01idasa10111111. 
11; ~ Glutamlne antagonists 
.:1 

The \mporlm of g\IJllQi\111 fo11hc bi01yothcii1~ purines llld pynmidincs Tiie antiviral dnag AZT (azldotllymldlnel ~; 
has been ei1l11Wiud alicady. Allllrine and di~10-norieucille (DON) AZT ii 1n l!lliogue of lh)Tllidinc ll!iidl can be pho!phwrlalCd to fonn ~ 

\lllvembly inlubii 1111 W)1llCI involved in Iha glulnu111·lllillling rw:· nuclC011dc1nphosphi1e,llidolhymid1ncl!ipOOijlili.(AZT'TP) 
·· .. UOlll (ttt Owl ll), and Jlduce !he 1~y orDNA 1vllilabl1 IOC11WetU1. AZTTP inhibia the vital DNA-polymeruc which is ID RNA 
:• pofyllWC. The holl cd\'1 DNA-4epenlint poly1111111111 idmivefy '. 

Folatt antagonists SllllitivciomhililuonbrAZm. 

I' MEWioo1~, ll!iich 1111IOll 111UC1Utai 1111\ogue ar r~a~. inhibia DHP 
!" Jldu~.1l1111"VCllll !bi reducllOO or DHF IO THP, II ihown in the chllt '' 1~. ' 

oppoli~. Co11111jlllntly, in !hi lblwt olTHF.llrine hydro1ymcdly\1!1111· 
(11111 ii uftlb~·IO rmn~ illi N'.N1'·mediylllll-THf nMlld by lhymidy· 

!'. 
1111 synllwc fora'l'MPpmiutlion. 

'It)") 
", N i'i 't' r !f ~ •' NHI &-0-c N- -(CH~.- • o· 

' 
I' 
I. l 

111lhll1U11t 

t 
I• l6 J,• 
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PROPHYlACTIC MASTECTIJMY (PMJ AHD OOPHORECTOMY CPO) IN WOMEN 
UNDERGOING BRCAl/2 TtSTING. D. SchnlJl, KJ. Kalkbrenner. T.L· Light, 
K.A. Schnelder, J.E. Garber. Dana Farber cancer Institute, Boston; MA. 
Women tested for BRCAl/2 mutations may consider PM and/or PO bas8d 
on the results of genetic testing f0t prec;llsposlng mutations. A cohort of 88 
women with at least 10% risk of Inherited breast/ovarian cancer provided 
Information about attitudes towards PM and PO before testing and again at 
mean 5.5 months following results disclosure. 46 women. had prior 
breast/ovarian cancer CCAl; 42 women·had not had cancer (NC). BefQ1'8 
genetic testing, 8 women had had· PM, 12 PO and 5 therapeutic 
oophorectomy. At basellne, 37/80 had discussed P~ with a physician and 
33fll had d~ PO 8180 were considering PM and 24fll PO. 
following BROA disclosure, 6 women underwent PM (3 CA, 3 NCJ and 5 
had· PO (2· CA, 3 ·NC); one woman (NC) had both procedures. Mutations 
were Identified In all·women having prophylactic surgery following results 
dlscfosura except. for 2 Who. had PM with .Indeterminate results but 
abnormal breast biopsies. In addition, 13 were still considering PM (8+, 
'4?) and· 19 were considering PO (12+, 67, 1-) For the entire cohort, no 
cancers have been detected at PMi one borderline ovarian cancer was 
found at PO. PM and PO are often considered by women who have BRCAl/2 
mutation testing even with Indeterminate test results. 

*2t40 
P.JfASE'l.CHEMIJBR£VQll10N:CUNICA1:1Rlll:Df CURCUMIN A.L. Cheng. .J.K. 
Urt:M:M; Hsu.-r.s. Shen,.J.¥.10,JiTilln,<B.J. Un, M.S. wu,H.S.'t1J, S.H. 
Jee, a:s.- Ohen,·T..M •. Cflert,,.ftA. Cl!en,-M.K. _Lai, Y.~. Pu, M.H.-Pan; Y..J. 
wang,.C.C. Tsai, C.M Hsieh-. 'Ntttlona/ Ji/wan University College of Medl-
1;~~,'l'i!.IJH/, Talwan!,ant!~llf!IM.ed/~JCollego, Ksohslu~ Taiwan. 
Curcrimln: (dlferuloylmethane), a yeHow>substance from the root of the 
plant CUJtuma -loop. Linn., has been demons11'8ted to· Inhibit murlne 
carcfnogenesfs of skin, stomach, Intestine and oral cavity. A phase-I clfnlcal 

. . trla~·was;conducted to ~mine the toxicology, .the pharmacoklnetlcs and· 
the·~blologlcally effective dose of curcumlo In humans. Ave types of 

. high.risk' :llldfvfdaal were eligible:. l, recently-resected urinary bladder 
cancer-tBC), 2. arsenic Bowen's disease (BD), 3. uterine cervlcal lntraepi· · 
thellal. neoplasla (Cl N), 4: oral leukoplakla (OU, and 5. Intestinal ·metapla
sla of~ mucosa CIMJ. The starting dose was 500 mglday, taken OISl/y 
for 3 months. If no ariy ~ Grade 11 toxicity was noted In at least 3 p'ts, the 
dose· was escalated successively to 1000 (level II), 2000 (level Ill), 4000 
(level IV), and aoocrmwday (level V). Lesion sites~ biopsied before and 
3-months after taking curcumln. Sen.im curcumln was quantitated by HPLC 
method.·ln a total of 2& p'ts·enrolled, no treatment-related toxicity was 
noted up to 8000 mgld81 (level V). Serum concentration usually peaked at 
1 ti;> 2 hours after 9ial Intake, and gradually declined within 12 hours. The. 
average peak seri,im concentrations after taking 4000 ·mg, 6000 mg·and 
8000 mg of-curcuniln were 0.41 .:1: 0.07 ,..M, 0.57 :!: 0.05 fi.M, and 
1. 7 5 % 0.80 ...,M, respectJvely. Although 3 of 25 p'ts proceeded to develop 
frank malignancies, hlstotoatcal Improvement of the precancerous lesions 
was seen In 1 {level Ill) of the 2 p'ts with BC, 2 <!lath level IV) of 7 p'ts with 
_OL, 1 (level II) of 6 p'ts with IM, 1 (level ll of 4 p'ts with CIN; and 2 (level I 
and 111) of 6 p'ts with BO. Although curcumln Is probably non-toxic even up 
to more than 8000 mg/day, the bulky.volume of drug tablets became a 
limiting fiictor Itself. Therefor&, for future phase II studies, doses close to 
8000 mg/day may be ~mended. · 

09 
Proceedings of ASCO Volume 17 1998 
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LY231514 CMTAJ: RELATIONSHIP OF VITAMIN METABOUT! PROFILE TO TOXIC
ITY. C. Nlylkfza, J. Walling, D. Thornton, D. Seltz, and R. Allen. Eli Ul/y and 
CcmP8f1y, tndlanapolls, IN, Bf!d Univ of Colorado Health Science Center, 
Oenver, CQ. . 

. LY231514 (MTA) Is a new generation multltai'geted antlfolate anttmetabo
llte with Inhibitory activity against ~Jdylate synthase, dlhydrofolate 
reductase end glyclnamlde rlbonucleott e Wmyt transferase. Of a total of 
246 patients (pts) in phase II trials treated with MTA (600 mg1m2 IV DVl!r 
10 minutes once every 21 days) 118 pts also had vitamin metabolites 
measured. Because earlier studies with other antifolates had suggested 
that nutritional status rnay play a role In the likelihood that a patient Will 
experience severe toxicity, levels of the.vitamin metabolites homOcystelne. 
cystatfllonlne and methylmalonlc acid were measured at basellne and once 
each cycle thereafter. A multivariate statistical analysis of the data was 
conducted In order to determine which among a set of pre-specified 
predlctOts Ccri!.atlnlne.clearance, albumin levels, !Iver enzyme levels, and 
vitamin metabolites) might correlate with t!lltlclty. There was a strong 
correlailon sem baseline homocysteln~ levels and the development of 
the following ll»cicltles at any time during. the study: CTC Grade 4 
neutropenla (57 pts, p < 0.0001), Grade 4 thrombocytopenla {13 pts, 
p < O.OOOU, Grade 3 or 4 mueositls (8 pts, p <·0.0003), and Grade 3 or 
4 dlanhea (8 pis, p < 0.004). Cystathlonlne levels did not correlate with 
hematologic toxicity or mucosltls but .were moderately correlated With 
fatigue (p < 0.04). Maximum cystathlonlne levels doubled from baseline 
during treatment with MTA. No correlation between toxicity (CTC Grades~ 
defined above) and the remaining p11Hipeclfled predlc:tois was seen. 
Toxicity was seen In all patients with homocystelne levels above a threshold 
concentration of 10 14M. A correlation over time between homocysteine
levels and CTC Grade 4 neutropenla and thrombocytopenia and CTC Grade 
3 °' 4 mucosltls was also observed, but only in the first two cycles of 
treatment. Maximum homocystelne levels did not"appear to change from· 
baseline during treatment with MTA. 

~™ ~. 
FACTORS INFLUENCIN8 TIIE ll!CISION TO UNDERSO BRCA 1J2,GEHE :rESTING'~A 
STUDY or ASHKOIAZJ JEWISH WOMEN WlT1f A PERSONAi; HISTORY OF.BREAST 
CANCER· {BC), ENROUED IN AH ·OKTARIO. CANCER GENETICS NETWORK 
PROTOCOL K.A Phillips, J. Hunter, E. Wamer, w. Meschino, G. Glendon, 
l.L. Andrulis and P.J. Goodwin. Mt Sinai Hospital, Princes!; ·Mstgaret 
Hospital, Toronto-Sunnybrook Regional Cancer Center. North Yo.rlr ~I 
Hospftsl, Toronto, Ontario, Cllnada. . . . '. 

The purpose Of this stucly" was to examine the contribution of demographic. 
medical,· psychosocial, and culturaVrellglous factors In decision making 
regarding testing for BRCAl and BRCA2 mutations, In canadlan Jewish 
women with BC, unselected forfaml/y history. A self-administered question
naire was developed and distributed, (after genetic counselinS), to !a4 
lndlvlduals enrolled In a researctH>ased testing program for: Ashkenazl · 
women. Data for the flfSt 52 participants are presented. The response·rate 
was 40 (77%). Respondents had the following demographic features: age. 
40-75 year.i (median ... 59), married 83%,. had children 92%, post· 
secondaiy education 55%, practicing Jew 88%, extla health Insurance 
77'Jo, median age of BC diagnosis = 50. No patient had ovarian cancer 
(OC). 45% had at least one 1st degree relative with BC or OC <median 
perceived risk for being a gene catrler.50%). 35% had no affected relatives 
(median perceived risk for. being a carrier .. 15%). The 5 factors most 

. frequently· Identified as "definitely an Important factor ·1n piy decision 
makl11g• were. desire to contribute to research (90%), curiosity (77%), 

· potential ·benefit to other family members (64%), potential for personal 
cancer prevention (59%), and Impact on ovarian cancer screening practice 
(41 %). 53% and 38% of We>men respectively, Identified a potential change 
In their perspecilve on prophylactic oophorettomy and mastectomy as at 

. least "somewhat lmportant.n Main concerns related to insurance dlscriml· 
nation ·(35'%); confldentlallty (30%), accuracy and lnterpn!tabUlty of 
results (33%), potential Impact on marriage prospects for: family members 
(20%), and focus on the Jewish communlty.(15%). Potential-employer_ 
discrimination and impact on life planning were "not a factor" for most 
(90%,82%). The focus on factors -unrelated to personal physical health Is 
notable. The generallsablllty of tliese results to women not affected by ec· 
requires further study. Final results for the 134 patients wlll be '3resented. 
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A PHASE I AND PHARMACOKINETIC (PK) STUDY OF THE MULTITARGETED ANTIFOL (MTA) 
LY231514 WITH FOLIC ACID (Meeting abstract). 
Sub-category: ~~r 
Category: Clinical Phannacology 
Meeting: 1998 ASCO Annual MeetjJJg 

Abstract No: 866 
Author(s): L Hammond, M Villalona-calero, SG Eckhardt, R Drengler, C Aylesworth, T Johnson, M Hidalgo, G 

Rodriguez, S Diab, P Monroe, D Thornton, Hoff D Vo, E Rowinsky 
Abstract: MTA (l Y 231514) is a new antifol that Inhibits multiple folat0-dependent enzymes, including thymidylate 

synthase, dihydrofolate reductase. and glycinamide ribonucleotide fonnyl transferase. Initial phase I trials 
demonstrated major a~r responses when MTA was given as a 10 min I. V. infusion, however, 
myelosuppression precluded dose escalation above 500-600 mg/m2. Since preclinical studies indicated that 
folic acid supplementation increases the eherapeutic index of MTA, the feasibility of administering folic acid 
5 mg daily for 5 days starting 2 days before MTA in minimally- and heavily-pretreated pts was evaluated to 
determine if folic acid supplementation ameliorates the toxif effects of MTA, permitting significant dose
escalation above the recommended phase II dose of MTA alone. Thus far, 21 pts with solid cancers have 
received 55 courses at the following dose levels: 600, 700, and BOO mg/m2. Drug-related toxicities have 
included neutropenia, anemia, and thrombocytopenia, which have been more severe in heavily-pretreated 
pts. Other toxicities (grade 1-2) include rash, somnolence, fatigue, leg edema, and diminished renal function 
manifested by a decrease in creatinine clearance. One pt taking a non-steroidal anti-inflammatory agent 
experienced severe toxicities at the 800 mg/m2 dose, which resolved after administration of leucovorin and 
thymidine. One partial response in a pt with metastatic colon cancer has been observed. PK and vitamin 
(folic acid) metabolite profiles were done during cycles 1 and 3 at 600 to 800 mg/m2. To date, serum folic 
acid levels do not appear to be related to toxicity, h1rt homocystejne was significantly elevated in the pt with 
severe toxicities at the 800 mg/m2 dose. Thus far, heavily- and minimally-pretreated patients have tolerated 
MTA at 600 and 800 mg/m2 and accrual continues at 700 and 900 mg/m2, respectively. These results 
indicate that folic add sugp!ementat;an appearn to oormit MTA dose escalation. 

Other Abstracts In this Sub-Category 
1. PHARMACOKINETICS OF IRINOTECAN AND ITS ACTIVE METABOLITE SN-38 IN CHILDREN wrm 

RECURRENT SOLID TUMORS AFTER PROTRACTED LOW DOSE IV IRINOTECAN (Meeting abstract). 
Meeting: 1998 ASCO Annual Me~Jing_ Abstract No: 715 First Author: ~!ew~rLC 
Category: Clinical Pharmacology - Q1her 

2. POPULATION PHARMACOKINETIC (PK) MODEL FOR TOPOTECAN (TPT) (Meeting abstract). 
Meeting: 1998 ASCO Annual Meeting Abstract No: 716 First Author: PB Laub 
Category: Clinical Pharmacology - Other 

3. CYCLOSPORIN A (CsA) STRONGLY ENHANCES ORAL BIOAVAILABILITY OF PACUTAXEL (pac) IN 
CANCER PATIENTS (Meeting abstract). 
Meeting: 1998 ASCO Annual Meeting_ Abstract No: 717 First Author: JH Schellens 
Category: Clinical Pharmacology - Q1bru: 
More ••• 

Abstracts by L Hammond 
1. Phase I and Phannacoklnetlc Study of Pemetrexed Dlsodlum (LY231514, MTA, Allmta) In Patients (pts)with 

Impaired Renal Function. 
Meeting: 2001 ASCO Annual Meeting_. Abstract No: 368 First Author. C H Takimoto 
Category: Clinical Pharmacology - e.IJa~_L Trials 

2. 5~8075, a Tumor-Activated Prodrug Maytanslnold lmmunoconjugate Directed to the C242 Antigen: a 
Phase I, Pharrnacoklnetic and Biologic Correlative Study. 
Meeting: 2001 A~~_Q Ano~..!ll _ _Mj!~tiog_ Abstract No: 273 First Author. AnthQilY_ Willi~m TQl~~r 
Category: Clinical Pharmacology- etLa~J_T.d!llS 

3. A PHASE I AND PHARMACOKINETIC (PK) STUDY OF THE FARNESYL TRANSFERASE INHIBITOR, R115777 
IN COMBINATION WITH GEMCITABINE (Gem). 
Meeting: ;moo ASCO Anny~_M~~fili_g_ Abstract No: SA First Author: ~ita Patnaik 
Category: Clinical Phaonacology 
More ... 
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Folic Acid Supple~entation Prevents Deficient Blood 
Folate Levels and Hyperhomocysteinemia During 
Longterm, Low Dose Methotrexate Therapy for 
Rheumatoid Arthritis: Implications for Cardiovascular 
Disease. Prevention · 
SARAH L. MORGAN, JOSEPH E. BAGGOTT, JEANNETT'll Y. LEE. IUld (iRACIELA S. Af./\RC6N 

ABSTRACT. ObjectntJ. To determhte the .:!Teet uf longterm metbouex:ire (MTX) lhempy Hnd folic acid supple· 
mcntntiun on folate nutriwre oncl hnmocysteillc levels in patients will'l rbe11ttlllh>id 111thritis. 
Methndl. A double blilld, placebo cnntrolled lri11l l11stiug one ye:i.r wn.~ conducted 11t 011c 11cad~'Jt1iu 
mcdfoul centu. A tnt11l of 79 patients liWus lmv uui;e MTX were !ulluwcd up (0 one year. The 
patients were rnndomi:r.cd w rci:civc placebo or S or Tl .S mg rulic. ucld supplcmcnratlon per week.. 
H.u1'1ts. Plasma and erylhsvcyte fol111c lc:vcls and plasma bomoc)'llteinc level11 wore dcccrmincd. 'the 
folatc nuttirure of p:u:ientr; tHkine lnw rinse MTX <ff!cUl\ed wltlloul Colic llcid supplcmcn1:1.tinn_ 

Plo~mn homucyslcinc levels increa.c:ed i:ignilicsintly uvur u one year period in the pfacebo gmul'· I .riw 

folate nutritun: and hypcrhomocystcioemia occurred wirl1 grc:i1lcr fn:Qucncy In !be pJacebo group 
th311 in the folic acid tiuppkmcntcd groups. 
Co1u:h1rion. Por longcerm, low dMI!! MTX lhcmpy, lhcrc are now at least 3 rC<lllons lO ~)n~jder 
supplementation with follc acid (a low cosq1re.11crip1i1.1n}: (1) lo im:vcnt .MTX toxicity, (2) to.prevent 
ur iceal Cuhtlc deficiency, and (3) to prevent hyperhomocysieinemi~. wusidercd by many investiga· 
!uni tu be a ri~k. ruuiur (llT cnrdiov11!1Cuhn: llisc1:1sc. (J Rhcummol 1998~:441-ti) 

Key 1/11/P.xillg TemL\·: 
HOMOCYS"mlNe MRTIJOTREXATB 

Metholrellalc: (MTX) is 1ta. wtliic.>Jutc widely u11ed in tow 
doses in the therapy of autoimmnne disease.c;, psoriasis, 
inflammatory bowel di~a.«;c, and asthnia1- 6• lt is uow I.lie 
lending disease modifying nntiJheumatic drus for the tt'ent
mem of rheouunoid arthritis (RA), a disease that a!l"c:cts 
roughly I% uf Che uclult population uround the world'""'· 
About 184,000 patit'Jlt11 with RA wen: tre111ed wilh MTX in · 

.. ,'-n tlllJ !JMSlon of Cllllkol N111rilhm cu11l llkktiis Md Ute lliVislc>n ef· 
NuJriliunol /Ji«:hemislry. 'J.hpanment of Nutrition. Sc:ie11ce11, Scliools of 
Meffrdne, /Im/th Re/med Pm/08i0fl1, and lhnzi.flry. Vivis;/on t1f 
Huna1olollJll'Oncolat,7 and Dlvi.rlon '!/Clinical Jmnmnolagy and 
RheumatoloD, Depa~nt of Medic:ine. the Univenity of Alabama at 
Birmi1tghaln, Blmti1f8/td#I, Alahtutttl, I/SA. · 

.~"l't"'rllttl hy JP'-9 ~R4J.674 t'1rt•uqla ,,.,. Nttlic1ru;1l Tn~llu1af hf A•d1ri/Lr 
<1t1d M1ar:uum-,klal and Sk1ll Dlscw'CS and lllll OJ!lcr of Dh!IOty 
Supplcmen/11 crnd in part by tlw Nc.Ucmal laui1ures r.if" Hr.ulth Dtpurlmem 
uf Rt:ttarc:h RuouTUs <.:llntcal Re:1rarrls C.itnt8' grmit Jtl<-32-JJS J. 
S.L. M<1rt:0n, MD, RD, Auoc/4/r PrrJfuzor: J.E. Bot:gott, P.h/J, /&.rmta111 
Pro.feuor; Dl111.slM of H111rl1w111Jl l31ochemi~ ~eru Qf Nutritim1 · 
Sciences, Schools uf Medicine; Heallh Related Prr(l'.srlr>1l!f, a'fll/ l>enri:rrry; 
J. l Let, PhD, SBnior Biu1luli~1ician, Division <.If Her1141t"1ogy 1Jtu1 
Of'IC(l/oty, Depd¥1111cm of Me.tlirinc; O.S. Alan:a11, Mn, MPH, P~f<1&&11r 
onJ h6ociare Dim:ror. Multip11rpon Mhrili.r und MusCkkl':ktltlcll. 
Di..r,t11r Centti; DiVLTinn fl/ Cli11lcal lmmunoloifY and Rhcuma1olugy. 
UepaTtlrWlt n/ MedicW. . · 
A~!Treprlru req114st1 ro Dr. s.r .. MnTBfDI, 2.5dA Wrllb, 1675 UnllHfnity 
Boukvunl, Binrr1'rllb"""' Af, il~2994,.J360. f,-Mail: 1t111r>fRan.~u11,lud11 
Submittrd.Ar»:fl 24. J991•N\linon aj!tirpttJ S11J!fem~.rJ8, 1997. 

'" 
..... OM ,•, 

~. . . . . . 

FOIJCAClD RHHUMATOJD ARlliRITI~ 

1995 (Wyeth-Ayem, personnl communkntion) 1u· the 
United Stites nlone. We have sllow11 thal the resUtting inter
ference with folate metaboli:sm i:s wnelated with toxicity 
and that folic acid (pteroylglutnmic ncid), in dosell of 5-27 .5 
mg/week. lowers the toxicity of low dose MTX therapy for 
RA7.a, We a!.so politullltc lhnt folutc mcdiutcd processes arc 
ii)volvtld in mechanisms of dfiU!ICy and loxil.-i.ly of MT"'.'. 
Homocyi1tcine is :l. i1ulfur-containing amino acid that rnny be 
remethylated via 11 fola.te dependent re::i.ction to t'onu 
methionine. Folate nutritura ·is ~ major determinnnt of 
pJa.'iTna homncysteine. leveh: and blood fol om li:wels ace 
generally inversely correlated (o homocj:c;teine level11IO-h'l, 
Plasma hnmacyi;teine leveli; > 15 pmol/I have been impli- · 
cared as ·an independent risk facmr for C11rdiov'11scular 
diseese11-27, 

·: ·necnu·se of these relatiOL\sbips •. tilo~itoring of. blood 
folales {plllsma and erythrocyte:) and homocysteine levels 
·c1Uring longterm MTX thernpy nuty hnve important c.IUiif.!lU 
implicHtion!I. Wo report plasma and erythl'C?C.)lle tred blood 
ce1J11, RBC) folateS md plallma homocyslt."iric levels during 
a one ~r randomi1.ed, duuhle blind, placebo· L'Onlmlled 
bial· to i;tudy_ the. effect of folic acid supplemcntation .durins 
fow dose 'M,TX therapy for RA11• We hypclthe.'117.ed that · 
chronically Jow folate nuu.irure 1lnd chronic hyperbomocys
teinemia would be more freql.1erit in tbe non-folic acid 
suppLcme~lfXI group. 
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MATRRIAl.S AND METHODS 
Pnr1ici{1tmt11 anti stl.ldy r/e.rif!,n. ·r'llc !tlUlly w11., appmveci l1y rile l11Srinttif)l'l<ll 
Review aosnJ (If tha llnlvc 111iiy of A l~T.1am~. As doscnooo'. the participruits 
were 79 pntieut!l ngell 19-'tll ycurs of age: whu fulfilled the Amcrialn 
Cnllcgc: of RhcumaflJlogy rcvi~ crJteria ((Jf RA21• nic priunuy UUl1.'UW"5 

ur lhul sJudy were 1he eff'ect of lolic ncid £upplcmc11m1ioa on mcat:Urcr of 

roxicily 11nd efficacy'. Patients were cnn:>llcd ln none year, double blll1d. 
placebo contmlled trial tu evaluate l11c: elTc:c:I.~ uf 5 ms (li>w f111ii: acid {f'A) 
group] or 'J.7 _'i mg (high FIA. gmup) folic acid s11pplementation pet Wilek 
during tnw dooc MTX trwrApy•. "llie pa1ients Looi. !oJic ui:1CJ or ldc:nUc:Ol 
pll\Ct'bu ~upuul=s OD the S da)'!I of the W®k whCI\ MTX WDS nnt ing.c~t~. 
MTX W:l'I r:itc11n in ,, ~ingJE! cJos11 011 one day uf the w~ 'J'here wen: nu 
slgnificunt ilifl'c:rcnc:cs bi:rwccn the :i RnrotL, rcprdiris: me.·m a.v.e. sex. 
niclol 1Jillrrih11tinn, m"m1 disca~ dumion, previous use of follc acid 
cont11hli11g vitamins, l'gM rl11:um11tolu f11:11>T po!idviry defined 1L• > 3U 
JU/ml or > 1: 1110 drcr. cnncum:nt U.'le of aspirin or nD.llSle.roldol illllWt
fllll11111:1.t11it 'lmg:;, me<<•n pnodnl:;one dCXIC, or cumulative MTX dose ot die 
end or tlu: trial. 'l11c mean (:t ,11111dllrd dcvintion) aa,e of the e11tlre po,11uhl
tion WllS 53.7. (:t 13.6) ye311. Se.,,enty-lii.\ percent of the '[lllticnlll were 
\\IOllllllL Scmmly,ix pc:rc:cnt af the paliCM' wero Cm1ca5Jan, SIXl.)'·lWO 
pc:rcc:nt were CQlleurrcnlly r11ki11& prt.dnisc.ne 3.ll\I ~ were lgM rllcumu
t11id (~c:tot jMiilivi:. If JTdticms hml 11bnnrmnl vn!nca nn a vi!Rmiu p.,ncl 

nin A, pl:i.qma and RRC fofalc, vilumin B11, vitamin H0, 

lll1uuliue/rlbofh:ivin, und vitumi n Cl o.thct· than fo!Are.,_ the abnormality was 
tn:u.ted wilh llflpiapnlltC :ringlc vitt1niin suppleJOOllation. No orhcr vi1nmin 
rrupptcmcnrs were pe1~1titt«l except 118 nutctl. 

I'uiierus wen: ex11mined tmmcdla.ti:ly before MIX i11ltiati011 (Visit 1) 
ut4 11ftcr o n1can tll' I 3, 26, 39, :ilff.I 5) woeka of tber.ipy (Yuitli 2-5, tespcc
llvely) for clinii:ul evafwuicm and vcnipnni:n1n1. A Oil'! 1by dielllt)' recull 
u!!init the Mill.lleSClttl N11tririon Dor..'\ Sy51em HOfkwan:, food Oaialn'llC 

version 6A, Nulricm IJ111Kba~c vcnlnn i;:t], was perfonned at each vJsil 1u 
llli5eU nu~t inlll.ke.•ZI>. 

Vllamln urzcl hrnnac~tt:ine u11S11JL At Vi.sit 1, hl<1od WRS drawn for lbe 
mo~cml ot vitamirur B6 and vit~min R11 nuttltuie-1n.i1• Ulood for p1.11tm11. 
uid RBC folate levelr. wu clrnwr1 S .1. duys after MTX dosing in a 111hc 

eontalniog EI>TA and llli51lyed · uc all viait11 11,h1g ~ MTX resistllll 
liictubaciUu.r ca.rti micmbiologiClll 11ssay11.ll. Tu.. blood w"" druwn 5-7 
du)'ll after MTI< ctaslng. Ctlterla !ac aclc:quw:y or (ollltC 11111111.~ W<".rt based 
011 !1111 categories of folate adequocy c~wbliHhcd by l\ClllP b and 
R.0$enbctg;1o1, Smvm foLnlc lcvcltl were en11~idcrctt to be lCJW when values 
were < 6. 7 nmnln end R RC toJ.'l!e le\lds were c,'Ul!Sidered low when v:ituc.q 
Wll!G ~ 31S runolll''. Homoc)181elne ·level\ were assayed usl~ h..itth pet!Ol
maoce Iiquid cllllllll.iltogniphyl<. Vlllucs > 151-1mol/1 were awsl.dcred lube 
c:lc:vutcd:IOI. lifnrul WllS gc:ru:rally processed lVilhin 30 min or phlcbncnmy 
and plMm11 Ctozcu al . 70"C uulil time uf anulysia. 

;ic:ul urzaljsts. 'l\lru wwy repeated rr.Cruiurcs nnalyses oC v~ were 
UlaXi to cvaluaCD rha cfl'ectr. of tn=vJruent grotlJ). dmc, ruul i1ll iritcnu~tlon on 
ptnsma and RBC folruc lc:vcb. •ml on pbmua homoc:ysrei.nc lc:vela after 
~- Jf'a aignitic11nt·rrc11.r~r llffec:t WllS de!clclcd. Tukcy's imidcnri1.cd 
ritngc IC6t w1111 llllCd rn cvaiu11tc p&rwise comJlllliaung. betwccn Cl'CllCl'Jlent 
grm.ipil! •. 

Fi~'a C?Jl&et teat w•~ u!!Cd 1a couap~ Lhe l ll'elltll'lent gn:n1J,l.'I wiill 
~.r. rn rhl! i1tt1Jlllrfi1>1111 uf paticnu wlio had 0, I, nr Rll)r!! 11\lln J occur
iel!ce bf d~dcnl plm;ma or IU\C fol3te levels 0r elevllled plums ltomo
c~nc levels (sec Thb~ I oad Z). 

· . Linear se~itm analyses ~ 1lelfonned lO evalWlte the cl11111gc in 
hwuo.x;ybtcinc )cvcl~ <Jvc:c dmc nltf:! basdine in each =•tmcru group. 

1'e:ltsou IX>m::Julion lllllllyac:,, wco: done to evillual.CI lhc bii:ielioc: rein· 
liariahip nf RJit and pi.1sm11 folalc lcvds with J1111RmA h11111ocysteine level& 
and the c:orn:l4~un u(uiclllT)' fnlale. vifllmili B,2: and villl1ilin 86 intAw 
wJth pJum1a hmnncl'llfl:ine kvels.. 

RF..SUJ,TS 
Plasma and RlJ.C falate kvels durin8 tlte lriaL. Figm;s I a~ 

2 show plasma and RBC folate levels at each visit. There 
were no ~ignificanl diffeterices betweeu plasma and RBC. 
folalc levels al ba.'ieline (p :> 0.05). '.fhere were srriking 
differences between treatment groups with teRpCCt to 
plnsma and R.BC folate levels 11Cmss followup visitli. For 
Dlasl11.ll and RBC folate levels. significant differences (p < 
0.001) were found for all J pairwise comparisons (low FA 
vs high PA, high .E'A vs ptacebo, 8.Jld low FA vs placebo) at 
followup vi!-!iL~. Significatlt tt'C!llmeur-visit interactions 
were ohservcd fnr pJ;u,mll fol ate (p < 0.00 I) and RBC foL1ce 
(p =0.003). 

Multiple instllnces of a low blood fohite level ate likely 
to be more clinically signltlcaut than au isolated. low blood 
Colatc level. The number of paticncs with 0, l. OT more thau 
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1 low blood folulo ~vel duriug Vi11ili; 2-5 is shown in 1'.ible 
LA clear majurily uf lhe pulienla in the: placebo group had 
2 or 1non:. deficient lcvel:t. while the vast majority in lhc 
folic acitl :mpplemented group:1 111aiu1<1h1cd uurwttl bluutl 
folate levels lhroughout rhe srudy (p < 0.001). 

25 

Pla.fma homocysteine levcb during the trial. There were no 
significant differences in ha.~cline plns111a bomocysteine 
levels between groups at Visit l (p > 0.0.5). Nom1al mean 
homacysteiue h.:vcls in 40-70-year-old women and men 
1'!lngc from 8.0 to 10.3 µatol/P~·"'· The mean values in the 
plncelx1 group were in the range of 13.6-'2.J.7 µmol/l at 
Visics 2-5 (Figure 3), substantially above die range of 
normal means. After baseline, for Visits 2-5, the 1neru1 

overall plasma homocystcine level was 17.4 µmolll in the 
placebo group. The mcan1'1 in the folic ucid supplemented 
groupi; at almost all visiCR were comparable with the above 
population nonns2"-18• 

5 ._._ ____ ....._ ___ __.. _____ ._ -~--~ 

3 4 5 

V111t Number 
Fi~u.re 3 .'!hows plasma homocysteine levels over time. 

. A; Vlsit 1, significant treatment differences were 
observed with respect to homocyi:Leinc levels. The low FA 
and high FA groups differed significantly from die placebo 
groups acrn;fl Visits 2-S (p < 0.001). 

Pi~re J. l'IL'lllll homncystcinc (Jlmoln) lcvclH in Lht: Luw FA, lligh FA. 
and Pl.-u:ebo groups dUri11g on11 ye.v cif MT.X tllcnipy. Vil:lilll BR 3 month& 
lllJwi. 

Multiple im;tanccs of hyperhomocystelnemia are more 
likely to be sigDjfJcant than an isolated clcvaa:cl humueyM
ieinc level. The peTCentage of pa.liant11 with more than one 

clcv11lcc.1 pwwll bu1uucy11lc:iuc: level, w;suycd evrery 3 
months, i11 shown in Tublc. 2. Aboul 40% of lhe placebo 
grout> had 2 or more. elevatEd plasma homncy.'ltcine levels 
<luiiug llle course Llf dtc trial. In contra.-;t, chron:ic hypcrho-

'Jubie f, CJircmic dcficicnl fnlatc nuuilurc in MTX tn:111eoJ pa1ieu1S wiU1 RA L'e«'Jvlag .blgll and l(IW dose fol&: 
ocld supplemelit5 iw.I placebo. 

Om11p 
Low FA 
High PA, 
Placebo 

Nwnber ('I) or Pnlle111& with O, J, 2, 3, or 4 Deficient Pis$1111t nr RBC 
Foluu: A&Sll}'s Dwin~rFulkl\)ILIP Visits 

0 I 2 J 4 

J9 (76) 
'20 (77} 

7 (25) 

:1 (20) 
6 (23) 
2 (7) 

I (4) 
0(0) 
s (18) 

0 (0) 
0(0) 
7 (25) 

0 (0) 

0(0) 
7 (2!!) 

The bgu m111.1ber of d6ficien'r r1e-u ancJ/or <.lclicicnl llBC tol:nei nssl\)'S WRS u~c!1; plaslllll fol1UC < 6.1 MlOlll 
aucl RBC folate < 3 lS nmolll ~ CUDSid«ed deficient. PiAhllr'11 auct rcaq1 < 0.001, wos Ustd to c:nmpan: the · 
:i treatment gn>upll wilb respect to the fll'l)poninnH l!f O. 1. ur mure lil1JJl l occnrrenco nf dcflc:ten1 ft1lll1C levels. 

'ibble 2. Chrunic llyperhomoeys1r.incmi11 In MTX lrealed patlems with RA raz:iyini: low um:l bJgh dOse folic llCid 
supplem~tll and plm:~ · 

Number (~) nf P1tien111 with II. l, 2, 3. 01· 4 Elevated Hn1ncicy~lnc 
Alallys Dlll'itlg PollOWQ{l Vl~·iYt . 

0 . 2 . l . 4 

Group 
· LowPA. 

ffigll P.A 
Plncobo 

'20 (80), 
25 (06) 
15 (53) 

. 4(16) 

u 
2.(7) 

I (4). 
... 0 

S,(lll) 

0 
0 

3 (ll). 

0 
J (41'. 

"(11) 

' i-(01T10C)'lltcinc le\lels »'J5 iimoVl llJ'D CUtW<!eted eJCVllfCd. Pl1hef'& eilael. res!,~ <-0.()01, W~K w;c:d lU C:Ulllplllll 

· lhe 3 ·tmanent· group.' with n:sµeul cO the 11ropartion1 qt 'PllWinlS wbo had II, l, 0r mum lllllll l QOcimc::N:c ct 
· . .,. ·; :,,. .1 • .,c1cv1111:d.plaimia-ho~yscolne·\ovel11:.. . · 
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mocysrefuemia w-.is found in lc.1111 than 5% of the i;uhjects in 
the folic acid Sl'Pl'lemen led groups (p < ().(IO I). 

Figure 3 shows that h.omocysteine levels decrensed with 
time for the folic acid :n1ppleme11red grciups (p < 0.001 low 
11A; p = 0.023 high FA). but not in the placebo group. Th~ 
raw of decline wu.ci -·4.64 µmol/Vycar for the low PA, --2.88 
µmol/l/yesr for Lhe high I~A gniur. imd 0.20 ~lmOl/l/y~r for 
dle placebo group. 
Dietary intake and c:orirlotio11.r wUh bior.llemJcal i1ulic:es. 
MctLn diernry fohw:, vitami.o Bw und vitamin H, intakes 
were not sig11ilicantly differcnl withi11 iu-oups al llllY visit or 
between groups. Diet;iry folatc. vitamin B 12, and vitamin D6 
intakes were not signJficantly correlated with hornocysteinc 
levels fk.Tuss groups or fur any individual treatment e:ruup. 
CurreiationJ of yifamin level3 with hnmocysteine. At Vi~it 1 
(ba.'!cline). plasma folate (.N = 79: r = -0.334, p =· 0.002), 
RBC folate (N = 79; r "" -G.344, p = 0.00::\) we1"e ~ignifi.
cantly cori-elal.ccl with plasma homocysteinc levels. Ar Visit 
• vitamin .06 and viralllin B12 status wa.ci not c:ort-elalcd with 
_ .• seline plasma homocysteine levcb1. In the placcbti gro11r>. 
there w~'IS a relatively We<lk negative colTelation bel'ween 
plastna folate and pla.'111111 homocyNLeine levels at. Visit.s 2-5 
(r = -0.2.\ p= 0.025). 

DlSCUSSlON 
MTX is incn:a11ingly being used for lrcutm.ent of different 
chronic disotdcrs, including RI\~ therefore, the metabolic 
cons~uences of chronic au:lmitiliitl"ation are in1porta.nt1-6. 
Low dose MTX therapy, given over a one year period, 
n.dvcrnely affects both plnsma and RBC fulate levels. This 
cftect was most pronounced in the placebo trente4 group and 
pr-oduced ch_ronic deficient blood folatc levels. We have 
shown that the C1 index, a direct measure of the folate 
dependent formation of serine from formate and glycine in 
lcukocyres, is lower in p1ilicnts wlth RA treated wilh MTX 
comp11rerl to patients with .RA not receiving MTX39. Folic 
acid Rupplementation (both .S and 27.5 mg per week) 
orevcn~ me decrement in rotate status8. 

:)ur data indicate that both plnSllla and RBC folate are 
primary dctenninnnrs of liomocy11tcirie levels in· prulents 
wi.th l:lA laking MTX; lhls agree.~ wi.1h the observations in 
popol.nlioni> not trentcd with anlifulates11 ·

1
". The.re were nu 

significant. relatiom1hips between virrunin 8 6 :md vitamin 

I B 11 levels nod homocysleillc levels at· Visit I. This indicates I 
llml folar.e was fi1c predominant vitllrilin tllct.ot regulaling die 
plll.oi~~~e~u~ le~.cls i~ our group of patients :witb. · 
RA.~ the·uuuat10n ofMlX thcn1py. 'lhe finrlUls.ofno 
a11socialion between vi~lln1in· 1J6 and· homocysteiue levcl11 
differs trum Roubcn!Jf'f, et cu, who found low pyritloxa1 
phosphate leveb in patients with AA 4fi. We did not have ll 

: control: group for comparison ln th,is trial and mcthfonine 
loading teats were not petf ormed durl,ngthis protocol. which 
may ~xplain di:ff.ereuccs •. Tn additjon, there wcm no signifi
c~t rc:lationships beLwc:en ~Ietery folate UllskCll and plasma 

homocysLeine levels in any of lhc groups at VlsiL~ 2-5. This 
may reflect that naturally occurring food folate has her.n 

·shown to be relatively ineffective at increa.'!ing folncc stat\1ll 

and perhnps Hitt.Ting nomoc;ysreine levcls~ 1 • On the ocher 
haud, our previous fiuru.ogs suggest that. food folate ioUlkr.s 
of> 400 µ.g/dny nre effective in lowering the probabilily of 
MTX toxicityll. 

A substanciaJ number of pati.enL'i in Lhe placebo group 
developed M'fX indu.ced ~Die hyperhomocysteine1uin, a 
condition hir!,rely prevented by fnlic ;u:id supplementation in 
lhe other treOJtment arrns. There i.s evidence suggesting that 
hypcrhumocysteinemia is directly involved in the etinlottY 
or va.'lcnlar ntherosclerotic disease17-30, early onsel venous 
and arterial Q(.'Clu.~ion21 21, coronury artery disea.'IC1~· 21i_ and 
carotid artery stenosis17• It follows tbal MTX treHted 
patients with RA should also ha.ve asi increased lil\k · for 
coronary anecy disca.'le, peripheral va...cular disease, nnd 
1.-en!hrt.wascuJal' disease. There arc data suppo1ti11g the rela· 
tinnsbip between hyperhontocystcinemin and. thrombosis in 
patients wiLh systemic lupu.'1 erythemarosos42• Hyperhorno
cysteinemia has also been ubserved in a :.1nall g.roup of 
paticnL~ with RA in Swcden41• Specific epidentloJogica1 data 
for i.upportlng the above assertion are, with one: cxceptlon"". 
lacking in Mtx trented parlent'!, ln the one albeit small 
i>tudy speciCically nddres.~ng MTX as ~ risk factor for 
cardiovasc11far disease, MTX tl'Cated patients with KA were 
con1parcd to the healthy populalionH. Standardized 
mortality rates were 2.9 and 1.4, respectively, but the c:onl'i~ 
dence intervals encompassed the unity (0.6-!!.6 and 0.6-2.6, 
tellpectively} a111l by definiliun cannoc be regarded ns sUtti~
tically signilicant, which likely relates to the relatively small 
size or the cohort scudied. 

HyperhomocyHteinemia in tlle low dot1e MTX treated 
population may be due to the interference in folat.e metabo
lism by the drug irsclf or to drag induced f0Jate·c.lcficle11cy, 
or a combinntion of both45• It is intdguing that low scrum 
folute levels, per sc, were found t.o be associated with 
increased risk of fataJ henrt disease. in the Nutritio11 Catlllda 
survey:!6. · 

lt is kTlown thll.l folic acid supplementati(ln lowers hom<>
cysteine levels in au"'at riNk" population, such as in pat~ents 
during~ posL-myocordial i.nfnrcdon period4"1. HSKcd on our 
findings, low dose MTX. treated plll:ients should be added to 
the "at risk"' popu1ation for increased cardiovascular risk 
due to hyperhomocyste1nemia.. 'Tile ce.real grain fortification 
mandllled by ·I.he_ Food end Or\lg Admini&tnulon, in large 
part to .Prevent ncu ml rube defects, al so has the possibility of 

. benefiting lhc population taJcing .antifofatc drugs by 
preventing ~ncicicy, incteasing folate leyclli,. and decreasing 
homocysteine Jcv.e1s7·11.47,411. flolic acid supplements rather 
tbaJl fo~ folntcs may ,have a more ·predictable effect in 
inc~c11: .. ing blood folate levels''. It W(lald stil111ee)i1 prudent .. _ 
to evaluate vitmnin 8 12 starus before prosi..-noing longterm :;i 
fnlic acid suprlemenlAtion·becawie of a high prevalence of.::~· 
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viC8Jllin 8 12 dclicieucy ln clle RA populatio11.Jv and 1..-uncerns 
of mnsking the nuhiliom1..I anemill of B12 tlcficii:nc)"47

-'0 • The. 
preva!e11cc of the thennnlahile mutation in methylenete
ltnliydrofolate reductase or hetero"T.ygosity foe cystatllio
nine-1.i synthase deficiency in the population caking low dose 
MTX may merit further investigation, since Lhc..;c contlilions 
produce hyi>emomucystcincmia anti may have an cff!!!ct on 
1-ecu1ru11ended fofa: acid K«pplcment dosei:...s'-''· 

We ncklt.owlcdge tllnt problems 1n sample handling crut 
produce spurious increases ln the homocysceloe leve1s:i,~-r1• 
ll hO.'I be.eO Shown thal ll:Unples [Ot hOmucysL.c1nc levC\S 
should ~ placed immediately 1m ice w prevent homncys. 
tcine from leaclllng from RBC intn pl:u;ma and falsely 
elevating plasma homocystelne levels. In our srudy, samples 
were genernlly centrifuged and frozen at -70"C within 30 
mln so thnt <lrt.efactual hypcrho1nocysceiuemia should be 
equal in all groups. All pat.ient t.rrmtps wen: cnmllctl simul
ta111>ously; thcrdore the blood was stored abol1t the same 
lt. .1 of time in all groups before e.nalysis. It ls al!!o very 
unlikely l:hnt sample handling could account for the obser
vation of chronic hyperhomncystdncmia fowul only in the 
placebo group. · · 

These ohMcrvations regarding homocysteine levels 
during low dose MTX lhcmpy do nol agrtt: with om· 
previous observatiom1 lh11.t humocys1.ci11c levels ilitl uul 
becnmc elevated after 6 months of low <lose MTX LhcrapyS~. 
11le timing ofbluod sampling mny hnve been a factor in the 
prevtous study; must !mmpl~ were t.lnt.WIJ 5:-7 days afle:r 
MTX administration, when liomucysteiue l~vels have been 
:ihuwn lu n:1.un1 to n.oranal after a lnw dme of MTX4~. The 
failure lo ilclecl MTX .IJldu«<t hypcrhnmocylltcinemiu in 
our previous study may also be due to a snorter irial nf MTX 
iu the previo118 study (6 nionthli vs une tear) nnd a smaller 
uuwl.xa- ur palient.~ ju that study. 

Io :iuuu1111ry, there ate 11ow 3 rea.<inn:; to n:commencl 'low 
cost folic acid i.-upplements in patientS receiving longtcm\, 
lnw do11e MTX therapy: (l) folic acid llUf'lplemcntation 

i~ -"S· M1'X to1dcity7·~; (2) folic ·a\.id· supP,le1T1enta.tj(1n 
should prevent clirouic hlood fnJatc Uefici~nC)' duriog 
tbemp1; 1U1d (JJ Colic acid IJUf'IJ'llemcntation lower& ·the 
prcvttlcncc of chronic hyperhom~teinemia. which has 
been linked to cardi~va.~cuh1r dis~1se risk in die general 
po(lulation. · · · 
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Role of Folic Acid in Modulating the Toxicity and Efficacy of the 
Multitargeted Antifolate, LY231514 

JOHN F. WORZALLA. CHUAN SHIH and RCCHARD M. SCHULTZ 

Canes' Resa4tch Divi.s'Um, liIJy Raearch LIJbomtonu, Eli Li/Jy and Co., Indianapolis. IN 46285, U.S.A. 

Abstract. We stwlied ths effects of Jolie acid on modulating lhe 
taridly and cmtitumor' efficacy of LY231SJ4. Uslng several 
human rumor cell lJnu adapted to growlh in low /olale medium, 

) Jolie cill m shown to be 100- to 1000-fold les1 active than 
·,. o/Jnlc acid at proteeting ceOs from LY231S14-induced 

cytD1'»d • The lethalby of LY2JlSJ4 wo..r compand in mice 
mainlained on $t/1NIOl'd diet or low folate diet. The LDSO 
occumd at~ and 2SO-fold lowadD#sof LY231Sl4 inDBA/2 
and CDl nu/nu mice, rape~ maintained on low folate diet 
compared to .rtandard diet. Ths LS178YJTK.JHX- l1IUline 
lympho1'111 wa.t much nwn: H1t8iliW to the anJilumar action of 
LY231514 col'llptU'ed to wild type LS17BY-S tumor.I. For mke 
on low folatediet, LY231514ata3and1~(qd.r10, Lp.} 
produced 100% inhibition of L5178Yfl'K·IHX· '1mPJsoma 
growth. and significant ldlrality occurred at ~ 3 mg/fr&. For mice 
on stJJndard ~t. LY231Sl4 produced >95% inhibition of 
tumor growth Ol 30 to 300 mcJkB, bw aJl mice died at 800 mtiflr8. 
Foli.c add .nJPplemenllllion wm dononstrated to pressve the 
antltumor acti11ity of LY231514 while reducing tozicily. The 
combination of folic acid with LY231514 may provide a 
mechanism for enhanced clinical anlitumor selectivity. 

LY231514 Is a structurally novel antifolate antlmctaboltte that 
possesses the unlque ~S-fused pyrrolo(2,3-d]pyrimidine 
nucleus (1) instead of the more common 6-6-fused pteridine 
or quina20line ring structure. The primary mode of antlturnor 
activity for LY231514 bas previously been ascribed to 
inhibition of thymidylate synthase (TS) (1, 2). However, 
several lines of evidence suggest that multiple eJl2Yllle-
inhibitory mechani3ms are involved io cytOtoxicity, hence the 
acronym MTA lti ted 1111tifolate : 1 th 
pattern or A in human leukemia and colon carcinoma 
cell lines demonstrates that although TS may be a major site 

Comspondtmce to: ruchard M. Schultz, Cancer Research 
Division, DC 0546, Lilly Research Laboxatorlea, Indianapolis, 
JN 46285, USA. Phone (317) 276-5508; fax (317) 277-3652; E
m.ail Schultz_IUcbard_M@Lilly.Cotn 

Krj Wonlr: L Y231S 14, antitumor activity. antlfolate. fol le acid. 

0250-7005/98 $2.00+.40 

of action for L Y231514 at concentrations near the ICSO, 
higher concentrations can lead to inhibition or dlhydrofolate 
reductase (DHFR) and/or other enzymes along the purine de 
novo pathway (3); 2) MTA ls an excellent substrate for 
folylpolyglutamate syntbetase. and the 14 values of the 
pentaglutamate of LY231S14 are 1.3, 7.2, and 65 nM fo1 
inhibition against TS, DHFR and giyclnamide ribonucleotide 
formyttransferase (GAIU'T), respecttvelx (3); 3) intracellular 
conceofribons of Lf 232514 and i1B po utamatea can 

m 
r; 14 Wiiii use Schultz. unpublished observation); 
and 4) early clinical studies demonstrated that patients who 
had previously failed to ~potld to ZD1694 and S
fluorouracilJleu.covorin treatment R8ponded to LY2315l4 (4; 
DA Rinaldi, personal communication). 

Several animal studies bavc indicated that folic acid 
supplementation in combination with antifolate cancer 
therapy can prevent delayed toxicity and enhance the 
therapeutic potential of the GARFT inhibitor lometrcxol (5, 
6) and the TS inhibitor 1843U89 (7). Unexpected delayed 
cumulative toxicity was observed in phase I studies with 
lometreml, including thrombocytopenia, anemia, and 
mucositis (8). Additional clinjcal a.tudies demonstrated the 
~tective effects of [obc acid egaihSt iometrexol toxicity in 
humans (9). Morgan and coworkus (10) concluded lhat n 
daily supplement of 1 mg of folic acid during low-dose 
methotrexate therapy in patients with rheumatoid arthritJs 
was useful in lessening toxicity without altering efficacy. In 
the present communication. we investigated the effects of 
folic acid on the antitumor acdvlty and lethality ofLY231514 
in mice. 

Materials ancl Methods 

&agena. Polk: odd. rotlalc acid (leuaivoriD), and 3{4,s.dlmethylthlawJ.. 
2)'1}-2,S.odlphenyl retmzolium bromide (M'IT) were pntt'hased from 
Sigma OieJl\IW Co. (St. Louis, MO, USA). The dlsodl11111 sale of 
L 'Y23tS14 was liJPl~"lzcd al Ell UUy add Co. (l). 

Cd lino. Hwnan CCR~ leukemia celb wete obtained (IOID St. 
Jllde Oiildren'1 Racan:b Hospital (Memphia, TH, USA). RUlllaD 
IOROvt ovarian c:an:lnoma cells -re gene:rously SllPfllied bJ Dr. 
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1he beginning nnd eml or dnrg ueatmenL TWu-dlmensional 
mc:asu~c:nts (width lllld length) of all Lumon were taken w;ing digital 
clcc:uoaic callpen interfaced to a microcomputer (12). Tumot weights 
\vete calculated rrom these measurcmeats usiJ1i the following formula: 

Tlllllm' weight (mg) = tumor lc:nglh (mm) x tumor width (mm)2/2 

Pen:cnt inhibition of tumor arowth was determined by comparing the 
tumor weight in treated groups to lbal of COftlrOls. Nu group Wlll 

Included in the onelysis for tllerapc:u1ic: activlly in which deaths 
ntlribulllble to drug toxicity ezceedcd 209' or the tnl&led group. 

Battoo Kamen (Univ. of TCllll!I SOuth\\leStem Medical Center. DaDas, 
TX. USA). OCl hwnan colon Qll'Cinoma cells wetc ublllillcd from Dr. 
Jenct Houghton. S1. Judo Olildren'1 Research Huspltel. Hu1111111 KB 
cpidc:rmold aucinom11 cells were purchased froin the American 1)tpc 
Culture a:1llcctlon (A l'CC. Rockville, MD, USA). Tho human LX-l IUJ18 
carclnoma cell lhie was established Ill I.Illy from xenogrufl tiuue. These 
cell lines were udaptod to lolic acid-Cree RPM.l-1640 mcdfWll containing 
L-gluuuuine and 2.S mM HEPES buffer (Whittaker Diopiuducu. 
Walkersville, MD, USA) and supp!ernenud with IO'lft dfaly2ed feral czlf 
serum (Hyclone Laboratories, Inc. (Logan, lTf, USA) and 2 nM follnlc 
acid. 1be LSL78Vfl'K-IHX· muriac lymphoma coll lino 'IYllS obllllned 
frOm Ell Ul!y Oep11rtmen1 ot Genetic Tmdcolngy (Oreenfteld, IN, USA). 
'The tumor ii a double mutant, deficient in thymidinc kinase and 
bypoxanlhlno phosphoribosyl tnmsf'crase. ll wu cullured Ill RPMI-1640 Results 
medium supp!cmcnrcd widt 109' horse 1crum. The L5178Y.S wild type 
tjnlpboma cell line waa obtailled f\'om ATCC 11nd roudnely cultured In In vitro protective effect of folk or folinic acid for the cytotoxic 
F'idien medium (Whittwr Bioprodw:u) 111PP!<mented wltb 10% \ aaivily of LY211514. We tested the ability of folic and folinic 
horwe serum and I mM sodium pyruvate. All cell lanes were lesled um! • • • 
rawut &ec of m}'COPlasma contamination by the ATCC. acid to protect human carcinoma and leukemia cells from 

LY231514-induced cytotoxicity. Previous studies demon· 
In vitro cytatadcity rminJ, Wo used a modification of the orll!imil MIT str11ted that the antiproliferative activity of LY231514 for 
colorimetric essay described by Mnunana (II) to ~111"' cell CCRF-CEM leukaemia cells was completely revezsed by the 
CJlotoxicitJ. Tue: ~u~n Lumo! cells (previously adapted fO llV'."tb 10 low addition of lcucovorin (O.OS to 16 "Y\ In a competitive 
fo!Dte (2 nM Colauc llCid) medawn) were seeded Ill 1 x lo'" c:oUs IQ 8G !Al ot . ...-u1 • 
assay medium/well in 96-well our-botwm lh5w: cullun: plates (Custar, manner (1). This suggested that LY231Sl4 competed Wllh 
Cambridge, MA, USA). /IWQy mcdlwll consisted of follc acfd.frcc natul&.l reduced folate cofactors both at transport and 
RPMl-11540 medium supplemented with 1096 dialyzi:d lelel cnlf ~m intraccllular folate levels and acted as a pure folate 
and 2 nM Callnlc acid. Woll IA wus fan bbmk (100 l'I of S"'wth mcdlllm antagonist. In addition, we have reported that L Y231514 is 
wiibou1 ce1L11). Vartoudevcls offollc or rolhltc acid (Q.1 to 100 p.M)-n! primarily ....,""""rted 'Yl8 the reduced fiolate ,......;er (RFC) I.JI. 

acldcd to the wells and illl:Ubal.Cd for 2 hours prior to addition of ---r- ....,. •' 
LY2l!Sl4. LY231S14 was prepared In Dulbecco's phC11pha1c-burtered human cell lines (3). For the cunent studies, W8 utilized 
solino (PBS) 111 1 rng/ml, ond a series of two-Co.Id dilutions were tumor cell lines that bad been adapted over >4 weekly 
sut-quent!l' made In PBS. Allquoui (tn 111) or end! conc:entrntlo~ wcro passages to growth in low folate (2 nM folinic acid) media. 
added to tnpllcoto wells. Pla.tcs were Incubated for 72 houra at 'R C la a Vatying concentrationa of follc and folinic acid were added to 
humidified Dlmosphere ar S'Jb COJ.1no11lr. Mn' wu dissolved In PBS nt • 
s msfml. Following incubation of plates. 1 o pt of aLock MIT solution these adapted cells 2 hows pnor to L Y231514 exposure. At. 
was added to allwellsofan assay, aftd the plateswero Incubated at37"C shown in Table [, the sensitivity to LY231514 cytotoxidty 
for two addllional boum. Pollowina incub•tion. tllO,&l dimc:lbyl JUlfozldo (ICso) of low foJatc medium-adapted cells ranged from 3.6 
wos added to each well. Following thorough fonnamn solubili21ltlon, the nM (CCRF-CBM leukemia) to 44 nM (lOROVl ovarian 
plates wwo read on "Dynatec:h MR600 readCf, usin& a test WllYdcnglh carcinoma). In addjtion Table ( sbOWll the ability of folic acid 
ofS70 nm and a reference wavelength of~ nm. • . ' • _ • 

Miu. Female CD I nll/nU mlco were puichasc:d Crom Olarloa River 
Laboratories {Wilmington. MA. USA). Female DBM mice were 
purdulsed Crom Taconic (Oermanluwn, NY, USA). Mice weighed 20 to 
2S grams at the beginning cf lbc studios. Mice were huua:d In 
lomporalure and bumidil)' contnJllcd iooms. Mice were tad either 
standard laboratol}' wdcnl chow (Purina Cbow #.5001) or Colic ocid· 
doficicnt diet cootalnhlg I 'J& succlnylsulfaahiazolo (Purina Chow 
#S831C-2): both dic:11 wen: putdwsed from Rnlaton Pmtna Co. (!It. 
Looi&. MO, USA). Tho average conlelll or fclatc:s rrom natural sourcca 
in both dicta Wiiii round tu be O.Q3 ppm. whereas the lllnndanl dlel waa 
analyzed IO contain 7.3 ppm of odded folic add. It wu esllmalcd that 
mice 011 n ntnndard diet Ingested I to 2 raf!lkl!/dny nr folatcs, wllDc mice 
on a low folllte diet ingcaled 0.001 to O.OOS mg/kg/day. In some atudlcs, 
mice received solubill%ed fnllc acid Olla! a day by orlll gevage. Food and 
water were provided nd libitum. 

In vivo antitumOI drug IUling. l.Sl78Y·S and LSl78YII'K·/HX wens 
estabUshed und cban1cterlud In Ylvo for tumor growth in ayngcncic 
DBAJ2 mice. Cells derived from in vitro culture were wubcd twice by 
ceattlfugnlion (300 B Cot 10 minutes) In serum.free medium. Recipient 
DBA/2 mice were shaved ~d inoculated subcul.ancoudy io tho millary 
region with 2 x 1r/' cells in O.S ml serum-free RPMJ.l640 medium. 
L Y231Sl4 treatment was administered i.p. on a dailJ seilCdule Cor ien 
clnys and iniliated en the day after tumor implant. LY231S.14 waa 
disaolvc:d In 0.9% liodiu.m chloride 80lution. All animals WCl'C weighed ftt 
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and folinic acid to modulate the cytoto:iac activity of 
LY231S14 In five different human tumor cell lines. Folic acid 
was approximately 100. to 1000-fold ICS1 active than folinic 
acid at protecting cells from LY231Sl4-induc:ed cytotoxicity. 
Polle acid required concentrations of 10 µ.M or greater to 
exert significant protection. 

Enhanced lethality of LY2J1514 to mice with dietal)' restriction 
of /olic add. Dietary folate deprivation has preyjously bee11 
shown to markedly enhance tho toxicity of lometrexol (S). To 
assess the importance of dietmy fofate in modulating the 
toxicity of LY231514, IDso values were determined in mice 
maintained on standard diet (normal rodent laboratory chow) 
or on a special low folate diet (I.FD), LFD mice have been 
shown to be significantly folate deficient in plasma and 
several tissues including liver and implanted tumors (13). 
Mice maintained on LFO for two weeks before 
intraperitoncal adminstra.tion of LY231514 daily for 10 days 
were extremely sensitive to the toxic effects of LY231Sl4 with 
Wso values of 1.6 and 10 mg/kg for CDl nu/nu and DBA/'! 
mice, respectively (Figure: 1). In contrast. the LDso values for 
CDl nu/nu and DBA/2 mice mainlained on standard diet 
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Table 1. In vllnl prolecll~ qfttr. olfollc or follnle 11cUI 011 LY231Jl4-indll:N eytotOJlkily. 

Relative (-fold) Oiante ill (Cso 

FolU: acid cone. In medie11 Follnic: add cone. in media 

Cdl line" ICSO(nM}b l iiM lO!IM UlOpM O.ll&M lµM lOl&M lOOpM 

IOROVl 44 14 2S 28 370 >!l70 >970 

KB 34 z 3 17 6 78 >1270 

OC3 12 3 9 105 47 640 

l.X-1 4 s 6 6 8l 1460 

CCRF.-CBM 4 4 Z% 2 2l 130 4600 

:cells were adapted to :..4 weekly passages 111 low folate (2 nM follDlc acid) inedlum. 
<:ytotoxiclcy was determined by MTl' msay with nh cxpo$Uroto LV231!514, Datarc:pl'Cleat me&11 of triplicate dGtcnn.lnatiom. 

°Follc: or folinic: ac:id waa added two houJW prloJ" to L Y231Slf addlllon. 

wero approximately 250- and 60-fofd greater. respectively 
than znice on LPD. 

RDle <1ffolic acid in tM antilumor aclivily of LY2J1514 against 
the L5178Y murlne lymphoma. High circulating thymidino 
levels In mice dccrcasc the efficacy and toxicity of TS 
inhibitors in mico (14. 15). Unless a tumor model which 
cannot salvage tbymidine is utilimd io mice, only limited 
antllumor effects for specific TS inhibitors have been 
observed. LY231Sl4 treatment (i.p., qd xlO) produced 
modest activity against the wild type l..5178Y-S murino 
lymphoma (Table ll). In contrast, similar treatment of a 
"3l'lant of this line, LS178Y/TK./HX-, produced potent tumor 
suppression (100% tumor inhibition on the day following the 
last drug treatment at 30 and 100 mg/kg per day) with 11 of 14 
mice tumor-free on day 100 after tumor implantation. This 
tumor is deficient in both thymid.ino kinase as wen as 
hypaxanthinc-guanino phosphoribosyl transforase and 
consequently, cannot salvage either thymidinc or the purine& 
hypoxanthinc and guanine. The exquisite sensitivity Of the 
LS178YII'K-/HX- tumor modcJ to LY231514 treatment 
allowed us to evaluate the effect of low folate diet oo tho 
therapeutic actmty of this compound. For mice on I.FD, 
LY231514 at 0.3 and 1.0 rog/'q/day (ip. qd xlO) produced 
100% inht'bition of tumor growth for tumoIS measured one 
day after the completion of a single course of drug treatment 
(Figure 1). As noted in Figure 1, highe1 drug levels yielded 
unacceptable toxicity. For 1nice on LFD that received a folate 
supplement of 15 mg/kfl)day via oral gava~ significant 
i.nhlbilion of nunor growth was noted ovet a broad dose range 
(10 - 1000 mglkgtdose). Moreover. 100% inhibition of tumor 
growth was observed at 30 to 1000 mglkg/dose without any 
lethality. This antitumor dose response (with folate 
supplementation) was virtually identical to that observed for 
mice receiving standard dleL However, the lethality was 
signicantly greater for the mice on standard diet (lethality at 

Tumor oose• 'lfi Tllmor lnh.b ii Tumor-tree/t01al 

(ms/k8) day 11.f day 100 

Ul78Y/S 
10 0 0110 

30 8 0/10 

100 68 Q/10 

L5178Y /l'K-IHX-
10 90 0/7 on 
30 100 sn ~ 

100 100 ?n :m 

·L Yll 1514 WO& adminlateroct l.p. OD a qd x 10 sc:hedulo, 
"nnnon ftre rneaaurcd on 1be du,y followlna tho 111Sl dnig treatmcnL 
COays repmiont tho number of dap since lherapywos initiAted. 

400 and 800 mg/kgfday of 10% and 100%. respectively). Mice 
on standard diet received approximately one-tenth of the 
amount of daily folic acid as the mice on LFD with lS 
mg/kg/day supplemental folic acid. 

Discuss loo 

The poor predictive value of mouse models for aotifolatc 
toxlclty may be partially due to the fact that standard 
laboratory mouse dielll cxintain high levels of folic acid 
Previous data demonstrated that serum and RBC folate levels 
of mice maintained oa a diet fonnulated without added Colic 
acid fall to levels tonsidered normal In humans (5, U). In this 
paper, we demonstrate that mice fed a low folate diet for a 
short period (2 weeks) became 60- to 250-fold more sensitive 
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Figure 1. "Ihli taziefly o{LY.ll1$Uln mke a 1nt:rrtual'1Jt11folo~-dejidmt 
dJl!I. DBA/l and CDI 11U/nu mla ltlt'n! fm tbher a ,vandtml /JJIJom1t11j1 diet 
(0 IJlfd 9, rapedbldy} ar a {altlte-tkfidat din far 2 wuk4 prier to tlte 
fit# dou o/1..Y2Jl31" <•and~. rupeallll!ly) 1111d{or1M d11ru1lon of the 
stiG,. GIOUF of mice (> 10 anbnaLr/graup) 011 mc/i di'a were given 10 
daily dosa of LY23lSU Lp. Ill"" illdkated doss. 7M data plntlfl tM 
pctc%1U krholiiywiJhln SwerluaftO" IM/mldonofl.Y2J1SU. 

to the fcthality or LY231Sl4 than observed in mi<:e fed 
standard laboratory diet (Figure 1). The antifolate GAR 
intu"bitor, lometrexol bu previou a shown to 
aa:wn ate m ivers a cienl mice, aIJd this 
acx:umUJation was duniJiiShed by the aantiillStration ol rotic 
acid to these animals ( 16). These investigators hypothesized 
that the substantial and unexpected toxicity of fometre.xof in 
humans not given concurrent folic acid and in folate-deficient 
mice is due to the sequestration of drug in hepatic tissue, with 
the subsequent slow release of drug to the circulation at 
toxicologically rele\18at conceatratioJJS. The mechanism for 
this aa:umuJation of lometrexol in liver probably involves 
metabolism to polyglutamate forms by the enzyme rotylpoly-

. y-glutamate synthetase (PPOS). In this regard, Mendelsohn 
and coworkers (6) demonstrated that liver produced the 
greatest response in elevated FPGS to low dietary folatc of all 
tmuea tested. A similar mechanism probably exist~ for the 
potentiatlon of LY231S14 toxicity by folate-deftcient diet, 
since this compound is ao extremely efficient sub~lnlte for 
mouse fiver FPOS (1). In addition, LY23JSt4 requires 
polyglutamation for C¥totoxfc potency (3). 

'The uptake of natural reduced folate compoun~ and 
folate analogues Into cells appears to involve membrane 
protein receptors of two different classes: a reduced 
folate/methotrexate carrier (RFC), which binds reduced 
folate In the micromolar range, and a high-affinity folate 
binding prolein (mPBP}. which preferentially binds to 
oxidized folate CU1d other analogs with an affinily <l nM (17). 
Studies uaing n panel or ZR-75-1 human breast sublinc& with 
differing transport properties have demonstrated a 
predominant role for the RFC in intracellular rrsnsport of 
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Figutc 2. Aminuna ocJMty of LY2JISU tlruapy (Lp., qd xlO) againlJ 
L.$118Y1TK· JHX· lymphoma fw mkf on law fo/411!! dl6t witla no /ala" 
aJpp4mmlaliolr (0) tUtd for mice on few (o~ di« rluu M:dwd JS 
mg/A&lday dllily /olaf4 mpplnnentadM {A). Vmlcal dah«l llna repteWrJ 
paunt ktliafity in mice an faw folatt: diet wiJh no /olate zupp{aruntallon. 
Na lethnllty-obttlwd 11' miaf that rttdwd {olat11 mppll!nwtlOlion. 

LY231S14 (3). Similarly, we now report that folic acid only 
wcak1y modulates the cytotoxic activity of LY231S14 for 
various human leukemia and carcinoma cells adapted to law 
folate conditions {Table I). Some of these cells (KB and 
IOROVl) have previously been demonstrated to possess 
elevated levels of mFBP (18), ~r suggesting a minor role 
for mFBP in LY231514 transport. 

LY231S14 produced potent antitumor activity against the 
L5178Yfl'K-/HX· lymphoma at 100-fold lower dose 10\lela 
(0.3 and 1 m~day. Figure 2) in LFD mice relative to 30 
and 100 RJglkg (Table JI) in mice on standard diel It i.s 
interesting to note that the IDso was reduced 3000-fo!d for 
lometrexol in Lf"D 8Jlimals, and antitumor activity could not 
be demonstrated even at low dose levels {S}. In contrast, the 
shift in both LDso and antitumor activity for mice on LFD 
compared to standard diet were of a similar magnitude 
(approximately 100-fold) for LY231514. However, LFD 
animals with high levels of folate supplementation 
demonstrated decreased lethality lO LY231S14 compared to 
conventianal diet animals, suggesting that folate intake can be 
manipulated to achieve greater therapeutlc effects. OraJ folic 
acid dramatically decreased the toxicity of LY231S14 and 
preserved antitumor activity (albeit at higher dose levels) in 
these mice (Figure 2). 

Previous studies have demonstrated that the multitargeted 
antifolate, LY231St4 has a unique blocbemic::al and 
pharmacological profile. Exciting antitumor activity has been 
observed in phase I and II clinical trials, including response.. 
in colon, breast. non-smalJ cell lung and pancreatic cancers. 
More advanced and extensive clinical trials of L Y231S14 are 
currently in progress. The combination of folic acid wilh 
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LY231514 may provide a mechanism for enhanced clinical 
antltumor selectivity. 
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TABLE 29-16. Toxicity Symptoms Reported 
co Be Associated ";th Chronic High Doses 
of P~Tidoxine 

Motor and sensory neuropalhy; vesicular dennatosis on 
regions of the skin exposed to sunshine. 

Peripheral neuropathy; loss of limb reflexes; impaired touch 
sensation in limbs; uµsteady gait, impaired or absent 
tendon retlexes; sensation of tingling that proceeds down 
neck and legs 

Dizziness; nausea; breast discomfort or tenderness 
Photosensitivity on exposure to sun 

!Wune: l.JrJan 1.£. V"llamin 86. In: Madilin LJ, ed. HanJ.boolc of vitamins. 
2nd ed. Ne111 Yonl:: Manzi DOAer, I 991. 

conditions of vitamin B6 deficiency, the enzyme is not sat
urated by coenzyme in vivo, and the activity ratio will exceed 
1.5 and 1.25, respectively.223 An elevated erythrocyte AST 
(EAST) index or ratio is a conunonly accepted indicator of 
inadequate B6 nutriture. 

An older procedure for determination of B6 ·nutritional 
status is the tryptophan loading test. Urine is collected for 
24 hours after ingestion of2 to 5 g of 1-tryptophan, and out
put of xanthurenic acid is measured. In vitamin B6 defi
ciency, kynureninase activity is decreased, and kynurenine 
and 3-hydroxykynurenine accumulate. There is a resultant 
increase iq excretion of tryptophan metabolites, including 
xanthurenic acid (see Fig. 29-20). A similar protocol is em
ployed in the methionine loading test, with assessm~nt of 
cystathionine excreted being used to evaluate B6 status. 
Other widely used methods for vitamin assessment have in
cluded rnicrobiologic and fluorometric assays.225 

The concentration of plasma PLP is considere4 to be the 
best indicator of vitamin B6 status, including tissue stores. 
The 4-pyridoxic acid content of a 24-hour urine reflects the 
production and excretion of the major metabolite of B6 • 

Reduced excretion of this urinary metabolite is one of the 
earliest indicators of a B6 deficiency. 

Direct assessment of B6 levels is complicated by photo
sensitivity of the vi tamers. HPLC rnethodS for mea.5urement 
of 4-pyridoxic acid levels in the urine or B6 vitamers in the 
plasma are rapid, specific, and sufficiently sensitive to be 
clinically useful.8•65.218 A sensitive and reliable procedure for 
determination of PLP by HPLC with electroch~mical de
tection has been described.47 

Also of interest is a radioenzymatic assay for direct mea
surement of PLP, based on activity of the PLP-dependent 
enzyme tyrosine decarboxylase from Streptococcus fecalis. 34 

The commercially available apoenzyme is incubated with 
tritiated tyrosine and patient plasma. PLP in the specimen 
provides the required coenzyme, and the decarboxylated 
metabolite formed (PHJtyrarnine) is extracted and quanti
fied by liquid scintillation counting. 

Fol ates 
Folates comprise a family of compounds derived from li1ht 

or pteroylglutamic acid. 192 All members of the family po~~C\• 
the double-ring structure pteridine (2-arnino-4-hydrox>•-fi 
methylpterin) joined by a methylene bridge to /M1tl· 

aminobenzoic acid (PABA}. This parent compound is t:.1llc:tl 
pteroic acid (Pte). PABA, in tum, is linked through a per«idr 
bond to one molecule of glutamic acid, forming folic :1c.:u• 
(FA) or pteroylglutamic acid (PteGlu; PGA) (Fig. 29-22) 
Conjugation with additional glutamic acid residues p1·t• · 
duces a series ofpolyglutamates. The bulk of the vitamin it 
present in the diet as folate polyglut.amates. Enzymes re 
quiring folic acid as a coenzyme catalyze chemical reaction• 
involving the transfer and utilization of single carbon unir.' 
Nitrogen atoms at the 5 and 10 positions in the pteridincr 
ring portion of the molecule are active in these single c.::ar
bon unit transfers. The polyglutamate chain attaches 1h11 

coenzyme to the apoenzyme. Double bond reduction a11<I 
presence of various substituents serve to differentiate th\' 
various analogs of folic acid. Reduction of double bonds bl·· 
tween ring positions 5-6 and 7-8 converts folic acid ini., 
tetrahydrofolic acid (THFA, or FH4). The termfolale is ·'I·'· 
plied generically to the entire group of compounds. Use: c •I 
the older generic descriptor, foJacin, is no longer acceptabl<· 

The most recently published folate RDAs are 180 µg for 
adult females and 200 µg for adult males. 181 For adolescc:nh 
150 µg is reconunended. The minimal daily requirement liu 

folate is approximately 50 µg for adu!ts_HlO Use of oral cn11 

traceptive steroids can increase urinary excretion of fol:ur 
Increased vitamin intake may be required to offset 1111· 

loss.212
•
229 In pregnancy, the RDA is raised to 400 µg "' 

maintain maternal folate reserves and adequately supp< •r • 
normal fetal growth (see Table 29-4).'81 Megaloblastic a11t· 

mia of pregnancy is commonly due to folate deficiency. Foh. 
acid, even as much as 15 mg daily over several years, is "' 
portedly not toxic in humans. 103 However, some data sugg .. ,1 

that excessive intake of supplemental folate may interfrr" 
with intestinal absorption ofzinc.31

•
170 

The namefolale, Iike the word foliage, is derived &om tlu
Latin word for leaf. Cruciferous vegetables, such as spin a< h. 
turnip greens, asparagus, broccoli, and brussels sprouts, all" 

PterOJ'IQlutamic acid 

Pteroic acid 
p·amino benzoic ocid 

2-amino-4-hydroiy-6-metllrlpterin 
Glutomic oeid 

A. 
liigra-e 29-22. Folacin. 
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rich in folate. Folate is abundant in liver, kidney, whole
grain cereals, yeast, and mushrooms.82 The vitamin is also 
synthesized by intestinal microflora. Prolonged cooking, 
particularly steaming and boiling, destroys most folate in 
foods. Infants receiving boiled formulas prepared with pas
teurized, sterilized, or powdered cow's milk require folate 
supplementation. 

Following ingestion, polyglutamatcs are c'O~Ylllatki\11)'" 

hydrolyzed to monoglutamates by action of C:Ot\IUtJatOS ill , 
the mucosa of the small intestine (Fig. 29-23); .'P6J:4itd ' 
monoglutarnates are rapidly absorbed and transported in:(lt6.: 
circulation mainly as the tetrahydrofolate (FH,) derivadvtt. ·: _ 
The major form offolate in serum and red cells is 5-111cthyl• . 
tetrahydrofolate {N5-methyl-FH4). Dihydrofolate rcdutbli~· 

INGESTION · CONJUGASES © Monoglutamates 
•MOR '"'- 50Jtg dally ---------------~-------- (&-Methyt-THF, Formyt-
Food Folates (mono- CONJUGASE INHIBITORS THF, OHF and other) 

and polyglutamates) l PGA (medicinal) ) 

~RpttON (notB12~ @ ABSORPTION 
R . c1!Qlla\i0" 

(EnlS~gdallYl 

EXCRETION 

MonoglU!amates 
(possibly also Di-) 

Including PGA 
cane & urine) 
Monoglutamaies & 
split products of 
Folate Metabolism 

Monoglutamates 
(malnly 5-Mathyt-THF) 

t 
Polyglutamates 

A 

TISSUE 
CELL 

©DELIVERY @ 

/.i'\ OIHYDRO
'-!/ FOLATE 

REDUCTASE 

SMALL BOWEL 
EPITHELIAL CELL 

_(f)_1 --1 THF I :============
DIHYDRO-

,,.------~OHF 

FOLATE 
REDUCTASE 

~ 
ThymldyllcAcld - ONA-Thymine 

THYMIDYLATE 
SYNTHETASE 5:10 METHYLENE- .'10' 

THF, REOUCTASE ~ 
Pe<Jxyurldylic Acid 
\ NotB12-dependent 
\. ln"1'1"7 

Uridyllc Acid 

FORMALDEHYDE 
ACTIVATING 

ENZYME 

10 Fonnyl-THf 

FGAR 1 @) 
GAR 

@) 

HYDRO- ISOMERASE 
LASE 1 . 

5-Formlm!no-THF 

1. 

@ @HY~~~l- ', E 
Serln~RINE- ' 

CYCLO- 10 FORMY~-THF 
@ @) 

CYCLO
OEAMINASE +Bs ', 

GLYCINE ,...--5-:1_0_M_e_lh_en_yl-_TH_F ___, 

5:10 METHYLENE (Anhyttl'OleuCOllOrin) 

TliF oEHY~~ R>nnate 4 J. I ? 

~ (f3) @\ ~---------1 ~ -5:_1_0_M-elhyl--e_n_&-_TH_F~, @ S:Formyt-THF 

5:10 ~rotl~~-THF (Folirllc Al;ld. Leucovorin 

• MOR= Adult minimum dally requirement from exogenous sources to sustain nonnallty 

F"lfP"6 29-23. Flow chart of folate metabolism in humans. Circled numbers indicate individual steps in folate 
me tabolism. Source: Herben V, ~ KC. Folic acid and vitamin B.2. In: Shils ME, Olson JA, Shike M. eds. 
Nuuition in health and disc!UC- 8th ed. Vol.I. Phiiadetphia. PA: Lea&: Febiger, 1994. 
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catalyzes the enzymatic reduction reaction.42 Folate may 
circulate in the free form or attached to low-affinity or 
high-affinity binders. Approximately two-thirds of folate is 
loosely bound to plasma proteins, indu.ding albµmin, 
a.2-macroglobulin, and perhaps, transferrin. High-affinity 
folate-binding proteins have been purified from serum, 
milk, and cerebrospinal fluid. The role these specific pro
teins play in overall folate nutriture is not dear. The milk 
proteirt could facilitate intestinal uptake of folate. Presence 
of a folate-binding protein in the choroid plexus may ac
count for the high CSF/serum ratio of the vitamin. Serum 
folate levels range from 3 to 25 ng/mL.42 Marginal defi
ciency is suggested by concentrations from 3 to 5 ng/mL; 
levels above 5 ng/mL are interpreted as indicating adequate 
folate. 28

•
100 Recent efforts to establish a pediatric reference 

range show folic acid concentrations to be higher in chil
dren, especially in those less than 1 year of age, than in 
adults. During adolescence, a significant decrease in serum 
folic acid concentration has been noted. 102 folate concen
tration in CSF c-anges from 15 to 35 ng/rnL.42 While folate 
monoglutamates are the circulating and transport forms, 
polyglutamates are the primary intracellular storage forms of 
the vitarnin. 100 Hepatic stores are believed to account foe- ap
proximately 50016 of the body's reserve of folate, predomi
nantly as pentaglutamates. Other tissues with high concen
trations of folate are the kidney and blood cells. RBC fol ate 
is almost entirely in the form of methylfolate pentagluta
mates. Negative folate balance is indicated by erythrocyte 
vitamin levels less than 200 ng/mL; tissue depletion occurs 
when folate levels fall below 160 ng/mL. 100 Tissue folaie
binding proteins are reported in granulocytes as well as the 
brush border: of intestiµal mucosa. Leukocyte folate ranges 
from 60 to 123 µg/L ofWBCs.42 Folate-r:equiring enzymes 
serve as intracellular folate binders. Excretion occurs in the 
bile and urine (Fig. 29-23). 

Vitamin deficiency may be dietary in origin, associated 
with malabsorption, or drug-induced (Table 29-17). Nutri
tional folate deficiency is seen in infants raised on goat's milk, 
which has only about 10% of the concentration of the vita
min found in human 0£ cow's milk. 181 Inbom errors of fo
late metabolism (e.g., dihydrofolate reductase deficiency and 
congenital folate malabsorption) give rise to folate defi
ciency. Total parenteral nutrition using amino acid sol~tions, 
unsupplemented by folate, has been reported to in9.uce acute 
depression of serum folate, marked by pancytopenia and 
megaloblastic anemia. 73 FoJate malabsorption may occur in 
conditions such as Crohn's disease or ulcerative colitis. Iron
ically, sulfasalazine, which is used in the treatment of in
flammatory bowel disease, impairs folate absorption. Vitamin 
deficiency may arise during anticonvulsant th~rapy with 
phenytoin or phenobarbital.31 Other drugs that affect folate 
status include cycloserine, metforrnin, and cholestyramine. 
Antifolate medications are used in the treatment of a wide 
range of malignant and nonmalignant disorders. 100 Folate an
tagonists appear to bind irreversibly to the enzyme dihyro
folate reductase. Examples of such drugs are trianiterene, a 
diuretic; pyrimethamine, an antimalarial; trimethoprim, an 
antimalarial as well as a potentiator of sulfonamides in the 

TABLE 29-17. Diseases Treated with Drugs · 
.Kt10\\ll to Interfere '~ith Folatc i\fetabolism 

- . ,. ~ - . - ~ . . 
" .·_::u- .- . _; _,._: .. ~:-.. -· . ·~ .. ~ . ·: .. : :. ~ -~--Q-. - ~·: ··~·.:· ~ 

Cancer, leukemia 
Psoriasis 
Rheumatoid arthritis 
Bronchial asthma 
Bacterial infecrion 
Malaria 
Hypertension 
Crnhn's disease 
Gout 
Epilepsy 
AIDS 

Methotrexate 
Methotrexate 
Methotrexate 
Methotrexate 
Trimethoprim 
Pyrimethamine 
Triamterene 
Sulfasalazine 
Colchicine 
Phenytoin 
Trimetrexat~ 

Soun:e: From Butlenuorth CE, Tamura T. Fa/;,; acid sa/t:IJ and ll»ci<itJ: A lnVJ 
reuiew. Am] Qin Nutr 1989;,0:3,.1. 

treatment of bacterial infections; and pentarnidine, used 111 

c+eatment of trypanosomiasis and leishmaniasis. 212 Penta1111 . 
dine is also employed in the treatment of pneumonia, pre· 
sumably due to protozoa) infection. Pulmonary disea~1· 

caused by Pneumocystis carinii occurs in 65% to 85% of all 
AIDS patients. The most common manifestation of this 111-

fection is pneumonia; Among the adverse reactions arisini.t 
from standard pentamidine therapy in the treatment of clu. 
pneumonia is the development offolate deficiency. The 011-

cer chemotherapeutic agent methotrexate (MTX) is an l·~ 

pecially potent folate antagonist.212 MTX may also be utiliznl 
in the treaonent of psoriasis and c-heumatoid arthritis. Thl
acute toxicity offolate antagonists is due to their impairmt·111 
of DNA synthesis. A phannacologic amount (>0.4 mg/ d) ••I 
folic acid may be administered ;lS a "rescue dose" to patit"111\ 
receiving cancer chemotherapy. 

In the U.S., inadequate f~late nutriture is particularl) 
conunon among those in Jowec- socioeconomic groups.'" 
Folic acid deficiency has been reported as the most commo11 
nutritional deficiency amo~g low-income ~nd institutional· 
ized elderly.28

•
167

•
216 Exposure to ethanol may alter the acttv· 

ity of intestinal brush border folate hydrolase (conjugas1-). 
causing malabsorption of the vitamin. Alcohol also interft·rl"\ 
with hepatic processing of folate, Chronic alcoholism i.~ .i 

major cause of folate deficiency in the Vnited States. 
Tetrahydrofolate (THF) derivatives serve as cofactors ti•1 

enzymes catalyzing the transfer oft-carbon groups in methr· 
Iation reactions necessary for a variety of biochemical rc:ir 
tions. The coenzyme fonns of the vitamin include rlw 
following tetrahydrofolates: N 5-fonnyl-FH4; N°-fom1yl. 
FH4; N 5-fonnimino-FH4; N 5

, N1°-methenyl-FH.; N 5
, N'"· 

methylene-FH4 ; and N 5-methyl-FH4•
192 The carbon umc. 

transferred by the coenzymes are presept in varying states • •f 
reduction. Coenzyme activity appears ~o be greater wi1h 
polyglutamate, rather than monoglutam.ate, foe-ms of fol:ii.· 
Metabolic reactions requiring THF coenzymes include i11-
terconveC"Sion of serine and glyc~ne; methioniJte synthcm 
from homocysteine (also a B 1i-dependent pathway); histidirw 
degradation to glutarnic acid by means offonniminoglut;11111. 
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acid (FIGLU); purine biosynthesis; synthesis of the pyrimi
dine thymidylatc, required in DNA synthesis; and the 
methylation ofbiogcnic amines, including dopamine, trypt
amine, serotonin, adrenaline, noradrenaline, and the gener
ation/activation of formate. 42

•
192 A number of studies have 

suggested a role for folate in the reversal of preneoplastic con
ditions of cervical and lung cancers.255 

Both biochemical and hematologic changes (Table 29-18) 
are characteristic of poor folate nutriture. The principal clin
ical feature of folate deficiency is megaloblastic anemia, but 
folate depletion may precede anemia by months. Other signs 
and symptcfms of deficiency include anorexia, glossitis, nau
sea, diarrhea, hepatosplenomegaly, and hyperpigmentation of 
the skin.42.64 Neurologic disorders also have been attributed to 
folate deficiency, although this is not routinely part of the 
clinical picture. Serum folate levels fall below nomul after as 
few as three weeks of folate deprivation. 28 Deficiency of fo
late leads to inadequate synthesis of DNA and abnormal cell 
division. Morphologic evidence of the biochemical inade
quacy includes bone marrow megaloblastosis, appearance of 
hypersegmented neutrophils in the peripheral blood, and 

._ )racrocytosis of reticulocytes and platelets. 95 When red cell fo
late levels are less than 100 ng/mL (226.6 nrnol/L), morpho
logic abnormalities in mature circulating red blood cells are 
detected with development of a macrocytic, nonnoblastic, or 
megaloblastic anemia. An elevated mean red cell volume and 
low hemoglobin are consequences oflong-standing folate de
ficiency.100 Elevation of certain metabolites in the serum 

Vllam(n,.. 621 

serves as an ear-ly indicator nf suboptimal lcvd~ uf fola1(', h1r 
example, poor folate status can result in higher phm1ui lcvc.-li 
of the atherogenic amino acid homocystcinl'.•v.iu,Jib.2"' Uc,: .. 
cause of a lack ofS-methyltetrahydrofolatc in :1111uu111s surU .. 
cient for the remethylation of homocystdnt• ro rncthioolna, 
homocysteine accumulates in the pla.m1a. Tuxic cffoc1s 11ri..., 
ing from excess homocysteine may be due to it.~ inrerfercnt;a 
with normal cross linking of collagen moleculci;, thereby 
disrupting or damaging the intimal surface of arteric:s. I.ow 
normal serum folate concentrations could therefore pl:tce :in 
individual at increased risk of cardiovascular disease. Supple
mentation with modest doses offolate (1to5 mg/d) can often 
nonnalize elevated homocysteine concentrations. 25•

124
•21 " 

Approximately 6000 infants are born each year in the 
U.S. with neural cube defects. Maternal folic acid supple
mentation in early pregnancy reduces the risk of giving birth 
to an infant with a neural tube defect (e.g., spina bifida or 
anencephaly) by as much as 75%. Becaµse closure of the em
bryonic neural tube normally occurs by the sixth week of 
pregnancy, there is no deterrent advantage reported for 
women who begin supplementation afi:er that point in 
time. 160·203•280 Folic acid fortification of basic foods, such as 
wheat flour, has been advocated. While this action would 
address the issue of women of child-bearing age receiving 
the vitamin in amounts sufficient to reduce the risk of fetal 
neural tube defects, it could create a medical dilemma for 
the elderly. It is estimated that pernicious anemia (PA) 
caused by malabsorption of vitamin 8 12 effects approxi-

TABLE 29-18. Sequence of E\'cnts in Developing Folatc Deficiency. Eal'liest Abnonnalities 
in Each Stage arc Boxed 

) 

..... .,,,,..........,., --...................... - IEUTOI -
STAGED ST-I STAGED 

-~ 
........ ... -.. ........ 

Excess* -Liver Folate :z Nonna! &rlr 

~ 
.l!:::C'. ca.. - ~- --z z - -- --Plasma Folate = ~ 2:5 Erythron Folate 

Serum Folate (ng/ml) >IO >IO >5 <3 <3 <3 <3 

RBC Folate {ng/ml) >400 >300 >200 >200 l<I6o <120 <100 

Diagnostic dU Suppression Normal Normal Nonnal Normal Normal Abnormal* Abnormal• 
Lobe Average <3.5 <3.5 <3.5 <3.5 <3.5 >3.5 >3.5 
Liver Folate (µg/g) >5 >400 >3 >3 <1.6 <1.2 <I 

Erythrocytes Normal Normal Normal Normal Normal Normal Macroovalocytic 
MCV Normal Normal Normal Normal Normal Normal Elevated 
Hemoglobin (g/dL) >12 >12 >12 >12 >12 >12 >12 

Plasma Clearance of[ntravenous 
Folate Normal Normal Normal Normal Normal Increased Increased 

•DieuJ,, e%tZSS of folau n<duus zinc absmptUm. 
Due lo hoTm<m4l effeas (on .-ecepwnr), there may be folale deficiency (i.e. Stag< Ill-IV negatiw balance) in cennwl q,itlieliaJ alls (a rroenibk lesion) (possibly tnuancerousrJ 
when lltcre is only earl] ~"" balance (i.e. Stage 1-ll ~..,~nee) m the erylhnm (Ran <I aL Blood, N=ember 1990). 

Sourtt: Hi!rl>m B, Das K Folic acid arul vilamin B,.· In: Shils ME, Olson ]A, SJUJu M, eds. Modem nulrilion in Nallh arul tfueau. 8th ed. PliilaJnphia: Lea & Fmgrr, 
1994. 
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mately 1 million Americans. Most of these individuals are 
older adults. A deficiency of either vitamin B12 or folic acid 
will create the same hematologic picture (i.e., macrocytic, 
megaloblasric anemia). However, only a B 12 deficiency will 
produce irreversible neurologic lesions. Folic acid supple
mentation can mask or delay diagnosis of B12 deficiency by 
restoring a normal hematologic picture without preventing 
the B 12-induced neurological disease. There is serious con
cern among health practitioners that widespread fortification 
of foods with folic acid would significantly increase the in
cidence of delayed diagnosis of vitamin B 12 deficiency. 286 

Microbiologic assays of folates in serum, erythrocytes, 
and urine have been conducted in the clinical laboratory for 
many years. 110

•
171 Although not as rapid or convenient as 

newer radioassay procedures, microbiologic assay remains 
the reference method. The organism of choice is lActobacil
lus casei (ATCC 7469), which utilizes all monoglutamate 
fonns of folate, including the reduced form, 5-methylte
trahydrofolate, for growth. R.BC folate is present as polyg
lutamates and must be converted to monoglutamates for 
analysis. Interference by antibiotics in the patient specimen 
presents a serious problem. 

Indirect measurement offolate status has been attempted 
by employing a histidine loading test. Histidine is metabo
lized to glutamic acid by way of the intermediate 
formiminoglutamic acid (FIGLU). The final enzyme of this 
pathway, forrniminotransferase, is folate-dependent. Iffolate 
is deficient. FIGLU accumulates. When an oral 2- to 15-g 
dose of histidine is administered to a folate-depleted patient, 
the amount of FIG LU excreted in the urine in the 8-hour 
period following the load is at least 5 to 10 times greater than 
the amount excreted by a folat.e-replete individual under the 
same conditions. 229 

Another approach in evaluating the adequacy of tissue fo-
J late to support normal biochemical function is by means of 

the deoxyuridine (dU) suppression test, which reftects 
slowed de novo DNA synthesis. The final step in the conver
sion of deoxyuridylate to thymidylate for DNA synthesis is 
folate-dependent. This test is generally abnonnal in mega
loblastic anemia due to both folate and B12 deficiency. 36 

There is concern over falsely low serum values for folate 
arising from oxidative destruction of the vitamin prior to 
analysis. To avoid vitamin loss, serum may be stored frozen 
or a reducing substance such as ascorbic acid may be added 
to the specimen. A recent study on the effect of light on 
sernm folate concluded that specimens to be tested can be 
stored at room temperature for up to 8 hours in either a gel 
separator collection tube or in a polypropylene storage tube 
without substantial loss ( <7%) of the vitamin. Folate speci
mens exposed to light for more than 8 hours should be re
drawn.154 Since folate levels of erythrocytes exceed serum 
levels by approximately 40-fold, it is essential that he
molyzed samples not be accepted for assay of serum folate. 
To measure erythrocyte folate levels, a hemolysate, prepared 
with an aqueous 1 % ascorbic acid solution, is tested. 28 

Folate assessment by competitive protein-binding ra
dioassay techniques is common. Tracers used are [1 25I)folate 

or 3H-PGA. The weak binding of folate to plasma protein• 
necessitates pretreatment or a denaturation step to liberate 
the vitamin before application ofCPB techniques. Denatu 
ration may be by heat (boiling) or by pH inactivation {110-
boil). Incomplete denaturation of interfering proteim '' 
sometimes experienced with a no-boil protocol. Radiofi 
gand assay procedures have been adapted for automated SY' 
terns to pennit simultaneous assays of serum folate and B" 
after manual heat denaturation of endogenous proti.:111 
binders.45 Because these two vitamins are so closely link•·•• 
in terms of biochemistry and metabolic function, it is i111· 
portant that they be evaluated together. 116 

HPLC is particularly useful in separating the variom 
folate compounds. A competitive enzyme-linked ligarul 
sorbent assay (ELLSA) for quantitation of folates has been 
described that offers promise for application in the clinic.11 
laboratory. 89 

Individuals with a folate deficiency will have a reduc<·•I 
capacity to convert homocysteine to methionine. Measun·· 
ment of serum levels of homocysteine by modified ted1-
niques using capillary-gas chromatography and mass spn· 
trometry have proven useful as a means of identify11111 
suboptimal folate nutriture.230 Totally automated method~. 
including a C 18-based HPLC assay and an FPIA requiring n• • 
pretreatment or chromatographic step, have been reponl-.1 
in the literature reccntly.237• 

VitaminB,a 
In 1948, vitamin B12 was isolated and crystallized for the fiN 
time by both American and British researchers. 206 IUP AC n~L 
ommendations call for generic use of the name cobalamin fo1 
those vitamins that possess a cobalt-<:ontaining corrin ring al· 
tached to the nucleotide 5,6-dirnethylbenzimidazole (sci' 
Table 29-11). Dimethylbenzimidazole is similar in structure to 
riboflavin. The corrin nucleus contains four substiturc:tl 
pyrrole rings and resembles the porphyrin nucleus of he1m: 
Various ligands may be covalently linked tb the cobalt atom. 
including cyanide anion {cyanocobalamin), hydroxyl grout' 
(hydroxocobalamin), methyl group {methylcobalamin). or 'l' 
deoxyadenosyl group (adenosylcobalamin).t92 The coenzym<' 
fornis ofBm adenosylcobalamin and methylcobalamin, fu1u· 
tion as transmethylating agents.42 Methylcobalamin account' 
for approximately 75% of plasma vitamin B 12, whereas a sir11 · 
ilar percentage ofliver B12 is in the form of adenosylcobalam 111 
B 12 in erythrocytes and the kidney is also largely presem .1• 
adenosylcobalamin. Smaller amounts of hydroxocobalamrn 
and cyanocobalamin exist in body fluids and tissues. 

The RDA for vitamin B 12 is 2 µg for adults and adob
cents of both sexes. In pregnancy and lactation, the require-· 
ment is increased, respectively, to 2. 2 µg and 2.6 µg daily.•'' 
Although vegetable matter is devoid of vitamin Bm it " 
present in animal products such as meat and dairy foods, 111. 

duding liver, eggs, milk, and cheese.82 Microorganis111• 
alone synthesize the vitamin, and animals, includi11r. 
humans, ultimately depend on chis activity to furnish pre 
formed B 12. Enteric microorganisms, mainly actinomycetn. 
synthesize B 12 in the human colon, but it is not absorlw.t 

··'·.;!°" 
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through the mucosa in this region of the gastrointestinal 
tract.29 B12 deficiency is rarely caused by poor nutrition. 
However, strict vegetarians, unless they receive B 12 as a con
taminant in food or supplement the diet, will develop a clin
ical deficiency.% The liver stores 50% to 90% of the body's 
B 12•

99 Reserves are relatively large, and it may require liter
ally years for the classic features of deficiency to appear, even 
in complete absence of vitamin intake. .. 

Vitamin B 12 is absorbed in the intestine, depending pri
marily on the availability ofintrinsic factor (IF), a glycopro
tein secreted by gastric parietal cells (Fig. 29-24). These same 
cells secrete hydrochloric acid. Impaired absorption due to 
lack of intrinsic factor in gastric secretions gives rise to 
the dinical condition known as pemidous anemia (PA). 

INGESTION 

Food 812 
•MOR "-- O. 1 µg dally © 

Vitamin.-. 623 

Achlorhydria, which diminishes 0 12 absorption, and PA. 
associated with atrophy of the gastric mucosa, arc mo!;t cum
mo~ among individuals over 60 years of age. An extremely 
small percentage of vitamin B 12, probably less than I%, i.~ ab
sorbed passively throughout the intestine, independent of IF 
complex formation. A diffusion-type mechanism for vita
min uptake, not mediated by IF, also seems to operate when 
large amounts (100-300 µg) ofB12 ar-e supplied. 

The four common forms of cobalamin bind equally well 
to IF. 41 [n the ileum, IF-B12 complex binds to specific mem
brane recepton of the mucosa! brush bor-der. A pH above 6 
and the presence of calcium ions are required to promote vi
tamin absorption. Upon transiting the mucosa! cell, vitamin 
B 12 is released into the portal circulation. Plasma B 12 is 

AEABSORPTION 

(Entemhepatlc circulation 
'"\.., ~ µglday) 

® 
2. Oxidized 
1. Unchanged } 

Acid, 
Enzymes (Food 812-IF Complex) pH> 6 Food 812-IF-

X-B1z-TC u __ @ __ 
surface 
receptor 

ea++ 

3.Cyano 812 

TRANSPORT 

IF 

® 
0 12-TC II 

(Liller-derhled?) 

I 
B12-TCI & 

® {TCll~~T~TCI 
granulocyte-dertved?) 

Methyl-812 

8 12 binding a 
In serum 

THF 

Ca++ surface 
Tiypsin receptor 

ABSORPTION •Releasing 
® fac!ot" 

812 - 6 12 
Coenzymes B 

@ ILEAL 
EPITHELIAL CELL 

TISSUE CELL 

• MOR = Adult minimum dally requuement rrom exogenous sources to suslain normality 

Figure 29-24. Flow chart of cobalamin (812) mctabaHsm. Circled numbers identify individual metabolic 
steps. Sou.-ce Herbert B, Das K. Folic acid and vitamin 8 11• In: Shils ME, Olson JA. Shiite M, eds. Modern 
nutrition in health and disease. 8th ed. Philadelphia: Lea&: Febiger, 1994. 
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bound by members of a group of carrier globulins, the · 
transcobalamins (TC). Transcobalamin II (TCII) serves as 
primary transport protein for distribution of newly absorbed 
vitamin B 12 to the tissues.?<J AJI cells that synthesize DNA 
possess surface receptors for TCll. One of the earliest de
tectable signs of a negative 1312 balance is reportedly a de
crease in serum holotranscobalamin (TCII + cobalamin).96 

Vitamin B12 also binds to haptocorrin, a circulating storage 
protein. The only receptors for haptocorrin are on B12 stor
age celJs (e .. f?., liver and reticuloendothelial cells). Other pro
tein binders of 13 12 have been identified in body fluids, in
cluding serum, saliva, tears, milk, colostrum, cerebrospinal 
fluid, and gastric juice, as well as in blood cells. These en
dogenous proteins (TCI and TClll) have been collectively 
designated as R proteins because of their rapid migration dur
ing electrophoresis. R proteins bind both biologically active 
cobalamin and inactive analogs. The physiologic function of 
these binding proteins is not clear, but they do not facilitate 
ileal absorption of the vitarnin.231 The therapeutic form of 
vitamin B12 is cyanocobalamin. [fit is administered subcuta
neously or intramuscularly, the need for IF-mediated in
testinal absorption is bypassed. While the treatment of PA 
with oral B 12 rnegadose therapy is more common in Europe 
than in the U.S., it has proven to be successful.133 When 
given orally, in excess, enough B 12 is absorbed even in the 
absence of IF to meet the requirements of most patiencs. 
Even in megadoses, cobalamin is reported to be nontoxic. 

In humans, two enzymes are known to be vitamin 
B1 2-dependent: 5-methyltetrahydrofolate (5-methyl-THF) 
homocysteine methyltransferase and methylmalonylcoen
zyme A mutase. 42 Methylcobalamin functions as coenzyme 
for a methyltransferase reaction in methionine synthesis. 
The coenzyme form of folate, 5-methyl-THF, donates a 
methyl gtoup to cobalamin, which transfers it to homocys
teine, forming a new amino acid, methionine. Methionine 
is subsequently metabolized to succinyl-CoA. Thus, both 
folate and B 12 participate in methionine synthesis. In the 
process, tetrahydrofolate (THF), required for synthesis of 
thymidylate in DNA, is regenerated from 5-methyl-THF. 
Vitamin B12 acts as a methyl receiver to prevent "trapping" 
of folate as the methylated tetrahydrofolate.192 Interference 
with nucleotide synthesis impairs erythropoiesis and leads to 
development of megaloblastic anemia due either to defi
ciency of B12 or folate. The interrelationship of folate and 
B12 is also seen in a cobalamin requirement for folate uptake 
by cells.82 In this instance, a folate deficiency may occur in
directly because of inadequate levels ofB12• 

Adenosylcobalamin is required by the enzyme methyl
malonyl-coenzyme A mutase for rearrangement of 1-methyl
malonyl-CoA to succinyl-CoA. Succinyl-CoA is further me
tabolized through the tricarboxylic acid cycle. In states of B12, 
but not folate, deficiency, methyhnalonyl-CoA is not con
verted to succinyl-CoA, and methylmalonic acid (MMA) 
excretion in the urine is increased. In summary, B 12 functions 
in oxidative degradation of amino acids and, since methion
ine is a glycogenic amino acid, in carbohydrate metabolism. 192 

Fatty acids with odd numbers of carbon atoms are oxidized 
by a pathway requiring methylmalonyl-CoA mutase activity. 

Thus, B 12 is also essential for normal lipid merabolism. 1''2 111 
adequate supplies of cobalamin will disrupt lipid syntht:s1, 
This, along with decreased availability of adenosyl methio11 
ine needed for myelin protein formation, could expl:1111 
the neurologic complications, including demyelination :11111 

degeneration of the central ne..Vous system and the optic ;11111 

peripheral nerves, seen in B 12 deficiency. 
Deficiency of B12 may be due to dietary absence, .h 

among strict vegetarians, increased requirements, as in prq: · 
nancy, malabsorprion due to disease, drug-induced interfrr. 
ence (Table 29-19), or intrinsic factor and transpon protl!i11 
inadequacies.99 Low cobalamin plasma levels are reported 111 
patients with sprue, Crohn's disease, regional enteritis, pct, 

nicious anemia, gastric or intestinal resection, multiplc
myeloma, IF-blocking antibodies, or serum gastric paric1.1I 
cell autoanribodies. Gastric and intestinal bacterial ovcl'
growth may contribute to cobalamin malabsorption. Up 10 
25% of the geriatric population may be afllicted with 
chronic atrophic gastritis. Occurrence of this condition in 
creases with age and may account for the widely ceportc\f 
low serum cobalamin concentrations among the d 
derly.2·143·198·263 Studies have shown low serum cobalamin ih 

10% to 50% of elderly, depending upon variables such as thr 
specific population of older adults examined, assay tcd1 -
niques employed, and cue-off values used to define risk ul 

deficiency. The prevalence of cobalamin deficiency w.o 
found to be at least 12% in a large sample of ambulacory 
older adults when deficiency was defined by a serum cob:tl 
amin concentration <258 pmol/L and elevation of one "' 
both of the metabolites MMA and homocysteine. Many 
elderly with "normal" serum vitanlin levels were metaboh 
cally deficient in B 12 or folate. 142 Impaired intestinal absorp
tion of B 12 has been reported in patients taking anticonvul· 
sanes, neomycin, para-aminosalicylic acid, phenfonnin, and 
cholestyramine, and also has been reported in alcoholics.'" 
Controversy continues over reports that megadoses ot 

ascorbic acid may lead to inactivation of vitamin B12 Jll•I 
destruction ofIF.27·96 

Clinical features ofB12 deficiency generally include both 
hematologic (e.g., macrocytic anemia, megaloblastosis, hy 
persegmentation of neucrophils) and neurologic (r.,(! .• 

TABLE 29-19. Cobalamin-Drug lnlcractions 

Aminosalicylic acid (PAS) 
Colchicine 
Neomycin 
Guan id in es 
Metformin 
Phenfonnin 
Potassium chloride 
Nitrous oxide 
Fiber 

Decreased absorption 
Malabsorption 
Malabsocption 
Decreased absorption 
Decreased absorption 
Decreased absorption 
Decreased absorption 
Interferes with 8 12 metabolism 
Enhances excretion 

Source: Ellenbogm L, c:ooper BA. Vitamin B,,. In: Maehilin IJ, ed. Han&onlr 
a/Vitamins. 2nded. New Yuti: Man:dDd<ker. 1991. 
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peripheral nerve degeneration) manifestations. The hemato
logic picture is identical in both B1 ~ and folate deficiency due 
to abnonn.al replication of ONA in hematopoieric tissue. 
Especially among the eldedy, neuropsychiatric disorders may 
be the primary or only indication of cobalamin deficiency. u 1 

Numbness, tingling, and weakness of extremities are fre
quent early neurologic symptoms of vitamin B12 deficiency. 
Vision may be impaired. Spinal cord degeneration leads to 
changes in tendon reflexes and difficulty in walking. Cogni
tive dysfunctions indude poor memory, loss of mental alert
ness and confusion, marked personality md mood changes, 
and, in rare inst;mces, delusions and hallucinations may de-
velop. Research is in progress to detennine what, if any, re
lationship exists among serum cobalamin levels, nonnal 
aging, and the occurrence of dementia or Alzheimer's dis
ease. 10.~• Some cognitive and hematopoietic dysfunctions 
found in AIDS patients have been reversed by vitamin B12 

therapy. Elevated serum homocysteine concentrations due to 
vitamin deficiency may play a pan since, in excess, the amino 
acid is both neurotoxic and vasculotoxic.96 

Limited observations suggest that osteoblast activiry 
depends on cobalamin and that bone metabolism is affected 
by cobalamin deficiency. Cobalamin-deficient patients were 
reported to have lower alkaline phosphatase and osteocalcin 
levels than controls. Osteocalcin, a vitamin K-dependent 
bone-specific protein, is synthesized by osteohlasts. lts con
centration in plasma reflects the rate of bone formation. If so, 
not only bone marrow cells but also adjoining skeletal cells 
could be affected in B12 deficiency.n The osteopenia of aging 
may be related to an inadequate supply of vitamin B12•

37 

Pernicious anemia (PA), a common cause of vitamin B 12 

deficiency, primarily affects the elderly. Diagnosis of PA by 
ass~ment of Bu intestinal absocption may be accomplished 
by measuring urinary excretion ofs7Co-labeled vitamin in the 
Schilling test.•2 An oral dose ofs7Co-Bu is administered along 
with a parenteral injection of nonlabeled B12• Labeled 8 12 ab
sorbed in che intestine enters the pool of unlabeled vitamin in 
the plasma, and both forms are excreted in the urine. The per
centage of the oral dose appearing in the urine in 24 hours is 
calculated. Normal 8 12 absocption is indicated when more 

. j than 1 QO;Q of the oral dose is excreted by the patient. Reduced 
excretion of radioactive B 12 is seen in pernicious anemia. If 
repetition of the test with addition of IF results in increased 
radioactivity in the urine, lack of functional IF is confirmed. 
Decreased glomerular filtration, due to either renal disease or 
aging, and improper urine collection invalidate the test results. 
With elderly patients, collection and evaluation of a 48-hour 
urine specimen will improve the accuracy of the test. 

A recent srudy evaluated the effect of light on serum B12 

concentrations (111-812 ng/L). Under typical storage condi
tions en<:ountered in a clinical laboratory, B,2 was not affected 
by light for up to 24 houts aftet collection when stored at 
room temperature (20-25°C). 154 Depending on the assess
ment method employed, serum levels ofB12 range from ap
proximately 200 to 900 pgf mL. 112 B1rdeficient erythropoiesis 
is associated with levels less than 100 pg/mL (74 pmol/L).6(..95 

Serum folare and vitamin B12 levels must be determined in pa
tients with megaloblastic anemia to pinpoint its etiology. 

Vilamins 625 

Large-dose folate therapy may bring about tran~icnt in1pruv.:
ment of megaloblastic anemia associated with B1? <idicic1 ''-"Y. 
but neurologic damage will develop or progress. often im:
versibly. Ir is essential to distinguish the true n.atun· of th<· un
derlying disorder (e.g., folate or B12 deficiency) $0 that appro
priate therapy may be provided as quickly as possible'. 

Some patients with serum 8 12 in the lower portion of the 
reference range may stiU develop PA. 8 12 deficiency may be 
by assessment of serum methylmalonate and homocystcmc 
concentrations (fable 29-20).95

•
96

·
168.245.2«> Elevated levds of 

methylmalonic acid (MMA) and total homocysteine are dc'
tected in over 90% of cases of cobalamin deficiency. Mea
surement of urinary MMA excretion is also diagnostically 
useful. Increase in these metabolites often occurs before any 
other clinical evidence of deficiency is manifested. Serum 
MMA levels >950 nmol/L (110-950 nmol/L) and total 
homocysteine coocentrarions >29 rnicromoles/L {6-29 
micromoles/L) indicate B12 deficiency even in the presence 
of normal hematologic parameters. An a~tomated ~say of 
MMA in serum and urine by derivatization with 1-pyrenyl
diazomethane, liquid chromatography, and fluorescence 
detection has recently been described.233 The risk factor for 
occlusive atherosclerosis is increased by hyperhomocys
teinemia. Improved vitamin B 12 status nonnalizes homocys
teine levels within weeks, thereby reducing t}te patient's risk 
of coronary anery disease. 

Cobalamin detenninations may be by microbiologi.c or ra
dioligand assays. Although a variery of vitamin B1rdependent 
test organisms have been used, including Euglena gracilis, 
Laaobadllus leichmannii '(ATCC 7830) remains the micro
organism of choice.79 Microbiological assay is used as the ref
erence method or in a research setting. In the clinical labora
tory, radioassays are routinely used for determination of 
serum B12 levels. Differential radioassays measure cobalamin 
content more accurately than do microbiologic assays, since 
noncobalamin corrinoids not utilized by humans Will support 
microbial growth.95 Plasma transcobalamins must \>e heat de
natured {boiling) or subjected to alkaline pH inactivation (no
boil) prior to either microbiologic or radioassay of the speci
men to release the cobalarnin for measurement . 

Radioisotope dilution methods are the most widely used 
assays for coba.lamin. These competitive inhibition radio
assays measure the extent to which cobalamin, after being 
freed from b?und materials, competes with radioactive cy
anocohalamin for binding sites on a pr0 tein.66 Radioligand 
assays may be either IUA or CBP procedures. In the case of 
CBP assays, purified IF has been strongly recommended as 
the cobalamin-binding protein. A semiautomated radioas
say system makes possible simultaneous assessments of 
serum B 12 and folate, following off-line denaturation of en
dogenous binding proteins. •5 Purified IF is used as the com
petitive binding protein, with solid-phase adsorbent sepa
rating free and bound 57Co. Recently, it has been reponed 
that no boiling or other pretreatment of patient specimen is 
required when a non-intrinsic factor blocking agent is used 
along with a magnetizable solid-phase separation system. 111 

This assay is highly specific for cobalamin. With elimination 
of a pretreatment requirement, and ease of separation 
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TABLE 29-20. Sequential Stages of Vitamin B-12 Status. Biochemical and Hematological Sequence of E\·cnL'l 
as Nega1ivc Vitamin B-12 Balance Progresses. I© 1990, 1993 Viclor Hci-bert (Modified 1993 to Indude · 
Homocystcinc ). J . 

NEW.Tl\IE EW.AHCE 
._ POSITNe 8Al.NICI! NOAlolAL llEl'lETION DEFICIENCY 

STACE II 

Eiccess· STAaEI 
Eally IJTMll!I 

I 
Nonna! ......... ....... "' Poslllve e .. E.aitr ~ - z ~ .. ..::::"a: ....~ L.-812 

I : n --TCll 8 RBC.WDCBa 

HoloTC lJ (pg/ml) >100 >100 >50 @D <40 <40 <40 
(in equilibrium with TCll receptors [on DNA-synthesizing cells]) 

TCII% sat. >5% >5% >5% 1<4% I <4% <4% <4% 
(Caution: Apo TCII is an acute phase reactant) 

Holohap (pg/ml)¥ >500 >400 >180 >180 l <150 1¥ <100 <100 
(in equilibrium with haptocorrin receptors {on B1rstorage cells]) 

dU Suppression Normal Normal Normal Nonna! Normal Abnormal Abnormal 
Hypersegmentation No No No No No Yes Yes 
TBBCt %sat. >50% >40 >15% >15% >15% <15% <10% 
Hap% sat. >5!>% >40 >20% >20% >20% <20% <10% 
RBC Folatc (ng/mL) >160 >160 >160 >160 >160 <140 <100 
RBC Cobalarnin (ng/ml) <800 <600 300-800 <300 <200 <150 <100 
Homocystiene t No No No No No Yes No 

Erythrocytes Normal Normal Normal Normal Normal Normal Macroovalocytic 
MCV Normal Normal Noi-mal Normal Normal Normal Elevated 
Hemoglobin Normal Normal Normal Normal Nonnal Normal Low 
TCII Normal Normal Normal Normal Normal Elevated Elevated 
Homocysteine and/or 
M~thylmalonate t * No No No No No ? Yes 

Myelin Damage No• No No No No ? Frequent 

Holo TC II cell receptors Normal Normal Normal Up-regulated? ., Down-regulated? I Elevated in plasma 

*C7cm"""6alamin aces>a (injeded or intranasal) fm><lua transienl me in 8 11 a~ on B,. delivery fmJkin (TC II); 1M signijieana of sucA rises is uninown (Herll.m 
d al., 1987). OJaJWCQ(,alamin acls as an anli-B,. in a ran amgmatal def«t in Bu mdabolism. 

'#In saum and urine. 

t TBBC = Total 8 12 binding capacitJ. 
\ ¥ lA1» hclolra/Jtaamin cumilaus with liver aU 8,, depldUm. Therr mtlJ be hemalopoUtic rel/. and glial rel/. B,, depletWn flrior lo liver cell depleUon, and those a/l.J may be in 
j STA.CE m,,,. W ~ 8 12 bakzna whiJ.< liver alh ""' slill in STAGE ll. 

achieved in a magnetic radioassay, a fully automated con
tinuous-flow procedure cap. be realized. Assay automation 
ofB12 on the Abbott IM. provides rapid results in a nonra
dioisotopic fonnat_ 129 B 12 deficiency can be detected and 
quantitated by measuring methylmalonic acid in urine or 
assessing its serum level using capillary gas chromatogra
phy/ mass spectrometry.245.246 

SUMMARY 

The Joint Commission on Accreditation of Healthcare 
Organizations OCAHO) is mandating more stringent nutri
tional revie"". of all patients. There can be no doubt that this 
wilJ impact the clinical laboraton'. The clinical laboratorian 
will be requirecf to know more about vitamins, their bio
chemical functions and physiologic roles, and the best assay 
methodologies to use to provide the clinician with timely 
information on the patieµt's nutritional status. There are 

financial implications to optimizing a patient's nutritional 
status, thereby hastening the desired medical outcomes and 
reducing the patient's length of stay in the hospital. 

The general public is also increasingly concerned with 
health promotion and disease prevention. Supplement.ii 
use of vitamins to increase longevity and improve the qual
ity of life is regularly advocated in the media. Vitamin sales 
is a multi-billion-dollar commercial enterprise in this coun
try. While there is strong support for the beneficial effects 
of vitamins in the prevention of certain cancers and cardio
vascular disease. there is also concern over the possibility of 
toxicity from overly aggressive vitamin supplementation.:!<•.• 

Historically, medicine has focused more attention on 
conditions of vitamin deficiency than excess. Despite tht" 
high standard of living in this country, significant number; 
of individuals are characterized by an overall vitamin statm 
that is suboptimal or overtly deficient. Nutritional requirt:
rrients in special physiological states such as growth, preg-
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nancy and lactation, and aging may not be met by dietary 
consumption. For example, age-related changes in vitamin 
status due to altered dietary practices, physiologic changes, 
and drug-nutrient interaction contribute to the risk for de
ficiency of one or more vitamins among the 32 million 
Americans who are over 65 years of age. 

Vitamins 627 

Biochemical determinations of vitamin status and the 
monitoring cif nutritional support will increase in the yc-:1rs 
ahead. In the future, vitamin assays will not be view,·d as 
esoteric reference laboratory procedures; rather they will he 
acknowledged as essential for the promotion of wdlncs' .1 nd 
for the cost-effective provision of quality health care. 
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Alimta*T SOOmg powder for concentrate for solution for infusion. 

Each vial contains SOOmg of pemetrexed (as pemetrexed disodium). 
Each vial must be reconstituted with 20ml of sodium chloride 9mg/ml (0.9%) solution for 
injection resulting in 25mg/ml of solution. The appropriate volume of required dose is removed 
from the vial and further diluted to 100ml with sodium chloride 9mg/ml (0.9%) solution for 
injection (see section 6.6). 
Excipients: For a full list of excipients see section 6.1. 

Powder for concentrate for solution for infusion. 
A white to either light yellow or green-yellow lyophilised powder. 

4.1 Therapeutic indications 

Alimta in combination with cisplatin is indicated for the treatment of chemotherapy naive patients 
with unresectable malignant pleural mesothelioma. 
Alimta is indicated as monotherapy for the treatment of patients with locally advanced or 
metastatic non-small cell lung cancer after prior chemotherapy. 

4.2 Posology arid method of administration .. . 

Alimta must only be administered under the supervision of a physician qualified in the use of anti
cancer chemotherapy. 
The Alimta solution must be prepared according to the instructions provided in section 6.6. 

Malignant Pleural Mesothelioma 

In patients treated for malignant pleural mesothelioma, the recommended dose of Alimta is 
500mg/m2 of body surface area (BSA) administered as an intravenous infusion over 10 minutes 
on the first day of each 21-day cycle. The recommended dose of cisplatin is 75mg/m2 BSA 
infused over two hours approximately 30 minutes after completion of the pemetrexed infusion on 
the first day of each 21-day cycle. Patients must receive adequate anti-emetic treatment and 
appropriate hydration orior to and/or a~er receiving cisolatjn (see also cisplatin Summary of 
Product Characteristics for specific dosing advice). · 
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Non-Small Cell Lung Cancer 

In patients treated for non-small cell lung cancer, the recommended dose of Alimta is 500mg/m2 

BSA administered as an intravenous infusion over 10 minutes on the first day of each 21-day 
cycle. 

Pre-Medication Regimen 

To reduce the incidence and severity of skin reactions, a corticosteroid should be given the day 
prior to, on the day of, and the day after pemetrexed administration. The corticosteroid should be 
equivalent to 4mg of dexamethasone administered orally twice a day (see section 4.4). 
To reduce toxicity, patients treated with pemetrexed must also receive vitamin supplementation 
(see section 4.4). Patients must take oral folic acid or a multivitamin containing folic acid (350 to 
1,000 micrograms) on a daily basis. At least five doses of folic acid must be taken during the 
seven days preceding the first dose of pemetrexed, and dosing must continue during the full 
course of therapy and for 21 days after the last dose of pemetrexed. Patients must also receive 
an intramuscular injection of vitamin 9 12 (1,000 micrograms) in the week preceding the first dose 
of pemetrexed and once every three cycles thereafter. Subsequent vitamin 8 12 injections may be 
given on the same day as pernetrexed. 

Monitoring 

Patients receiving pemetrexed should be monitored before each dose with a complete blood 
count, including a differential white cell count (WCC) and platelet count. Prior to each 
chemotherapy administration, blood chemistry tests should be collected to evaluate renal and 
hepatic function. Before the start of any cycle of chemotherapy, patients are required to have the 
following: absolute neutrophil count (ANC) should be ;a: 1,500 cells/mm3 and platelets should be ~ 
100,000 cells/mm 3

• 

Creatinine clearance should be ~4Sml/min. 
The total bilirubin should be :s; 1.5-times upper limit of normal. Alkaline phosphatase (AP), 
aspartate transaminase (AST or SGOT), and alanine transaminase (ALT or SGPT) should be s 3-
times upper limit of normal. Alkaline phosphatase, AST, and ALT s 5-times upper limit of normal 
is acceptable if liver has tumour involvement. 

Dose Adjustments 

Dose adjustments at the start of a subsequent cycle should be based on nadir haematologic 
counts or maximum non-haematologic toxicity from the preceding cycle of therapy. Treatment 
may be delayed to allow sufficient time for recovery. Upon recovery, patients should be retreated 
using the guidelines in Tables 1, 2, and 3, which are applicable for Alimta used as a single-agent 
or in combination with cisplatin. 
Table 1. Dose Modification Table for Alimta (as Single-Agent or in Combination) and 
Cisplatin - H_a_ematologic_ Toxicities _ _ _ 

Nadir ANC <500/mm3 and nadir platelets ~ l 75% of previous dose (both Alimta and 
50,000/mm3 J cisplatin) 

Nadir platelets <50,000/mm3 regardless ofj 150% of previous dose (both Alimta and 
nadir ANC cisplatin) 

If patients develop non-haematologic toxicities ~Grade 3 (excluding neurotoxicity), Allmta should 
be withheld until resolution to less than or equal to the patient's pre-therapy value. Treatment 
should be resumed according to the guidelines in Table 2. 
Table 2. Dose Modification Table for Alimta (as Single-Agent or in Combination} and 
Cisplatin - Non-Haematologic Toxicltiesa, b 
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Dose of Alimta Dose for Cisplatin 
(mg/m2

) {mg/m2
) 

Any Grade 3 or 4 toxicities except 75% of previous dose 7 5% of previous dose 
mucositis 

Any diarrhoea requiring 75% of previous dose 75% of previous dose 
hospitalisation (irrespective of grade) 
or Grade 3 or 4 diarrhoea 

Grade 3 or 4 mucositis 50% of previous dose 100% of previous dose 

a National Cancer Institute Common Toxicity Criteria (CTC). 

b Excluding neurotoxlcity. 

In the event of neurotoxicity, the recommended dose adjustment for Alimta and cisplatin is 
documented in Table 3. Patients should discontinue therapy if Grade 3 or 4 neurotoxicity is 
observed. 
Table 3. Dose Modification Table for Alimta (as Single-Agent or in Combination) and 
Cisplatin - Neurotoxici~ 

CTC* Grade Dose of Alimta (mg/m2
) Dose for Cisplatln (mg/m2

) 

0-1 100% of previous dose 100% of previous dose 

2 100% of previous dose 50% of previous dose 

*National Cancer Institute Common Toxicity Criteria (CTC). 

Treatment with Alimta should be discontinued if a patient experiences any haematologic or non
haematologic Grade 3 or 4 toxicity after 2 dose reductions or immediately if Grade 3 or 4 
neurotoxicity is observed. 
Elderly: In clinical studies, there has been no indication that patients 65 years of age or older are 
at increased risk of adverse events compared to patients younger than 65 years old. No dose 
reductions other than those recommended for all patients are necessary. 
Children and adolescents: Alimta is not recommended for use in children below 18 years of age 
due to insufficient data on safety and efficacy. 
Patients with renal impairment (standard Cockcroft and Gault formula or glomerular filtration rate 
measured Tc99m-DPTA serum clearance method): Pemetrexed is primarily eliminated unchanged 
by renal excretion. In clinical studies, patients with creatinine clearance of ~4Sml/min required 
no dose adjustments other than those recommended for all patients. There are insufficient data 
on the use of pemetrexed in patients with creatinine clearance below 45ml/min; therefore, the 
use of pemetrexed is not recommended (see section 4.4). 
Patients with hepatic impairment: No relationships between AST (SGOT), ALT (SGPT}, or total 
bilirubin and pemetrexed pharmacokinetics were identified. However, patients with hepatic 
impairment, such as bilirubln >1.5-times the upper limit of normal and/or transaminase >3.0-
times the upper limit of normal (hepatic metastases absent) or >5.0-times the upper limit of 
normal (hepatic metastases present), have not been specifically studied. 

4.~ Contrain(Jicatlqns 

Hypersensitivity to the active substance or to any of the excipients. 
Breast-feeding must be discontinued during pemetrexed therapy (see section 4.6). 
Concomitant yellow fever vaccine (see section 4.5). 
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4.4 Special warnings and precautions for use 

Pemetrexed can suppress bone marrow function as manifested by neutropenia, 
thrombocytopenia, and anaemia (or pancytopenia) (see section 4.8). Myelosuppression is usually 
the dose-limiting toxicity. Patients should be monitored for myelosuppression during therapy and 
pemetrexed should not be given to patients until absolute neutrophil count (ANC) returns to ~ 
1500 cells/mm3 and platelet count returns to ~ 100,000 cells/mm3 • Dose reductions for 
subsequent cycles are based on nadir ANC, platelet count, and maximum non-haematologic 
toxicity seen from the previous cycle (see section 4.2). 
In the Phase 3 mesothelioma trial, overall less toxicity and reduction in Grade 3/4 haematologic 
and non-haematologic toxicities, such as neutropenia, febrile neutropenia, and infection with 
Grade 3/4 neutropenia, were reported when pre-treatment with folic acid and vitamin 6 12 was 
administered. Therefore, patients treated with pemetrexed must be instructed to take folic acid 
and vitamin 6 12 as a prophylactic measure to reduce treatment-related toxicity (see section 4.2). 
Skin reactions have been reported in patients not pre-treated with a corticosteroid. Pre-treatment 
with dexamethasone (or equivalent) can reduce the incidence and severity of skin reactions (see 
section 4.2). 
An insufficient number of patients has been studied with creatinine clearance of below 45ml/min. 
Therefore, the use of pemetrexed in patients with creatinine clearance of <45ml/min is not 
recommended (see section 4.2). 
Patients with mild to moderate renal insufficiency (creatinine clearance from 45 to 79ml/min) 
should avoid taking non-steroidal anti-inflammatory drugs (NSAIDs), such as ibuprofen, and 
aspirin ( >1.3g daily) for 2 days before, on the day of, and 2 days following pemetrexed 
administration (see section 4.5). All patients eligible for pemetrexed therapy should avoid taking 
NSAIDs with long elimination half-lives for at least 5 days prior to, on the day, and at least 2 
days following pemetrexed administration (see section 4.5). 
Serious renal events, including acute renal failure, have been reported with pemetrexed alone or 
in association with other chemotherapeutic agents. Many of the patients in whom these occurred 
had underlying risk factors for the development of renal events, including dehydration or pre
existing hypertension or diabetes. 
The effect of third space fluid, such as pleural effusion or ascites, on pemetrexed is unknown. In 
patients with clinically significant third space fluid, consideration should be given to draining the 
effusion prior to pemetrexed administration. 
Due to the gastro-lntestlnal toxicity of pemetrexed given in combination with cisplatin, severe 
dehydration has been observed. Therefore, patients should receive adequate anti-emetic 
treatment and appropriate hydration prior to and/or after receiving treatment. 
Serious cardiovascular events, including myocardial infarction and cerebrovascular events, have 
been uncommonly reported during clinical studies with pemetrexed, usually when given in 
combination with another cytotoxic agent. Most of the patients in whom these events have been 
observed had pre-existing cardiovascular risk factors (see section 4.8). 
Immunodepressed status is common in cancer patients. As a result, concomitant use of live 
attenuated vaccines (except yellow fever, which is contra-indicated) is not recommended (see 
section 4.3 and section 4.5). 
Pemetrexed can have genetically damaging effects. Sexually mature males are advised not to 
father a child during the treatment and up to 6 months thereafter. Contraceptive measures or 
abstinence are recommended. Owing to the possibility of pemetrexed treatment causing 
irreversible infertility, men are advised to seek counselling on sperm storage before starting 
treatment. 
Women of childbearing potential must use effective contraception during treatment with 
pemetrexed (see section 4.6). 

4.5 ·Interaction:-.with' other medicinal products and other forms of 
· interactio_n 
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Pemetrexed is mainly eliminated unchanged renally by tubular secretion and to a lesser extent by 
glomerular filtration. Concomitant administration of nephrotoxic drugs (eg, aminoglycoside, loop 
diuretics, platinum compounds, cyclosporin) could potentially result in delayed clearance of 
pemetrexed. This combination should be used with caution. If necessary, creatinine clearance 
should be closely monitored. 
Concomitant administration of substances that are also tubularly secreted (eg, probenecid, 
penicillin) could potentially result in delayed clearance of pemetrexed. Caution should be made 
when these drugs are combined with pemetrexed. If necessary, creatinine clearance should be 
closely monitored. 
In patients with normal renal function (creatinine clearance ~80ml/min), high doses of non
steroidal anti-inflammatory drugs (NSAIDs, such as ibuprofen >1600mg/day) and aspirin at 
higher dosage ( ~ 1.3g daily) may decrease pemetrexed elimination and, consequently, increase 
the occurrence of pemetrexed adverse events. Therefore, caution should be made when 
administering higher doses of NSAIDs or aspirin at higher dosage concurrently with pemetrexed 
to patients with normal function (creatinine clearance ~80ml/min). 
In patients with mild to moderate renal insufficiency (creatinine clearance from 45 to 79ml/min), 
the concomitant administration of pemetrexed with NSAIDs (eg, ibuprofen) or aspirin at higher 
dosage should be avoided for 2 days before, on the day of, and 2 days following pemetrexed 
administration (see section 4.4). 
In the absence of data regarding potential interaction with NSAIDs having longer half-lives, such 
as piroxicam or rofecoxib, the concomitant administration with pemetrexed should be avoided for 
at least 5 days prior to, on the day, and at least 2 days following pemetrexed administration (see 
section 4.4). 
Pemetrexed undergoes limited hepatic metabolism. Results from in vitro studies with human liver 
microsomes indicated that pemetrexed would not be predicted to cause clinically significant 
inhibition of the metabolic clearance of drugs metabolised by CYP3A, CYP2D6, CYP2C9, and 
CYP1A2. 

Interactions Common to all Cytotoxics 

Due to the increased thrombotic risk in patients with cancer, the use of anticoagulation treatment 
is frequent. The high intra-individual variability of the coagulation status during diseases and the 
possibility of interaction between oral anticoagulants and anti-cancer chemotherapy require 
increased frequency of INR (International Normalised Ratio) monitoring, if it is decided to treat 
the patient with oral anticoagulants. 

) Concomitant Use Contra-Indicated 

Yellow fever vaccine: Risk of fatal generalised vaccinale disease (see section 4.3). 

Concomitant Use Not Recommended 

Live attenuated vaccines (except yellow fever): Risk of systemic, possibly fatal, disease. The risk 
is increased in subjects who are already immunosuppressed by their underlying disease. Use an 
inactivated vaccine where it exists (poliomyelitis) (see section 4.4). 

4.6 Pregnancy and _l~ctat•on -- - A_ 
--~ 

There are no data from the use of pemetrexed in pregnant women but pemetrexed, like other 
anti-metabolites, is suspected to cause serious birth defects when administered during 
pregnancy. Animal studies have shown reproductive toxicity (see section 5.3). Pemetrexed should 
not be used during pregnancy unless clearly necessary, after a careful consideration of the needs 
of the mother and the risk for the foetus (see section 4.4). 
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Women of childbearing potential must use effective contraception during treatment with 
pemetrexed. Pemetrexed can have genetically damaging effects. Sexually mature males are 
advised not to father a child during the treatment and up to 6 months thereafter. Contraceptive 
measures or abstinence are recommended. Owing to the possibility of pemetrexed treatment 
causing irreversible infertility, men are advised to seek counselling on sperm storage before 
starting treatment. 
It is not known whether pemetrexed is excreted in human milk and adverse reactions on the 
suckling child cannot be excluded. Breast-feeding must be discontinued during pemetrexed 
therapy (see section 4.3). 

4.7 Effects on ability to drive and use machines 

No studies on the effects on the ability to drive and use machines have been performed. 
However, it has been reported that pemetrexed may cause fatigue. Therefore, patients should be 
cautioned against driving or operating machines if this event occurs. 

4.8 Undesirable effects 

The table below provides the frequency and severity of undesirable effects that have been reported 
in >5% of 168 patients with mesothelioma who were randomised to receive cisplatin and 
pemetrexed and 163 patients with mesothelioma randomised to receive single-agent cisplatin. In 
both treatment arms, these chemonaive patients were fully supplemented with folic acid and vitamin 
812. 

Adverse Reactions 

Frequency estimate: Very common ( ~ 1/10), common ( ~ 1/100 and < 1/10), uncommon ( ~ 1/1,000 
and <1/100), rare (~1/10,000 and <1/1,000), very rare (<l/10,000) and not known (cannot be 
estimated from available data - spontaneous reports). 
Within each frequency grouping, undesirable effects are presented in order of decreasing 
seriousness. -

System Frequency Event* Pemetrexed/Cisplatin Cisplatin 
Organ Class 

(n = 168) (n = 163) 

All Grade 3-4 All Grade 
Grades Toxicity Grades 3-4 
Toxicity Toxicity Toxicity 

(O/o) 
(O/o) (O/o) (O/o) 

Blood and Very Neutrophils/granulocytes 56.0 23.2 13.5 3.1 
lymphatic common decreased 
system 

Leucocytes decreased 53.0 14.9 16.6 0.6 disorders 
Haemoglobin decreased 26.2 4.2 10.4 0.0 

Platelets decreased 23.2 5.4 8.6 0.0 

Eye disorders Common Conjunctivitis 5.4 0.0 0.6 0.0 

Gastro- Very Diarrhoea 16.7 3.6 8.0 0.0 
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Intestinal common Vomiting 56.5 10.7 49.7 4.3 
disorders 

Stomatitis/pharyngitis 23.2 3.0 6.1 o.o 
Nausea 82.1 11.9 76.7 5.5 

Anorexia 20.2 1.2 14.1 10.6 

Constipation 11.9 0.6 7.4 
I 
I 0.6 
I 

I Common Dyspepsia 5.4 0.6 0.6 lo.a 
General !Very Fatigue 47.6 10.1 42.3 t 9.2 
disorders common I 

I 

Metabolism 'Common Dehydration 6.5 4.2 0.6 0.6 
and nutrition 
disorders I 
Nervous Very Neuropathy - sensory 10.1 0.0 9.8 0.6 

._) system common 
disorders 

jcommon Dysgeusia 7.7 0.0 6.1 ,o.o 
-~ 

Renal and Very Creatinine elevation 10.7 0.6 9.8 1.2 
urinary common 

Creatinine clearance 16.1 0.6 17.8 1.8 disorders 
decreased** 

Skin and I Very Rash 16.1 0.6 4.9 0.0 
subcutaneous I common 

Alopecia 11.3 0.0 5.5 0.0 tissue I disorders 

*Refer to National Cancer Institute CTC version 2 for each grade of toxicity, except the term 
"creatinine clearance decreased"** which is derived from the term "renal/genitourinary other". 

Very common - 2::10%; common is normally defined as >1% and <10%. For the purpose of this 
table, a cut-off of 5% was used for inclusion of all events where the reporter considered a possible 
relationship to pemetrexed and cisplatin. 

) 
Clinically relevant CTC toxicities that were reported in >1% and s 5% (common) of the patients that 
were randomly assigned to receive cisplatin and pemetrexed include: renal failure, infection, 
pyrexia, febrile neutropenia, increased AST, ALT, and GGT, urticaria, and chest pain. 
Clinically relevant CTC toxicities that were reported in ~ 1 % of the patients that were randomly 
assigned to receive cisplatin and pemetrexed include arrhythmia and motor neuropathy. 
The table below provides the frequency and severity of undesirable effects that have been reported 
in >5% of 265 patients randomly assigned to receive single-agent pemetrexed with folic acid and 
vitamin 612 supplementation and 276 patients randomly assigned to receive single-agent docetaxel. 
All patients were diagnosed with locally advanced or metastatic non-small cell lung cancer and 
received prior chemotherapy. · - . :r 

Pe..,"etr~xed ~o~taxel System Frequency Event* 
Organ Class 

n = 265 n = 276 

All Grade All Grade 
Grades 3-4 Grades 3-4 
Toxicity Toxicity Toxicity Toxicity 

(D/a) '(D/o) (D/o) (D/o) 

i 
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) 5.3 Very Neutrophils/granulocytes 10.9 45.3 40.2 
lymphatic common decreased 
system 

Leucocytes decreased 12.1 4.2 34.1 27.2 disorders 

I • Haemoglobin decreased 19.2 4.2 22.1 4.3 

Common Platelets decreased 8.3 1.9 1.1 0.4 

Gastro- Very Diarrhoea 12.8 0.4 24.3 2.5 
intestinal common 

Vomiting 16.2 1.5 12.0 1.1 disorders 
Stomatitis/pharyngitis 14.7 1.1 17.4 1.1 

Nausea 30.9 2.6 16.7 1.8 

Anorexia 21.9 1.9 23.9 2.5 

Common . Constipation 5.7 '0.0 4.0 0.0 

General Very Fatigue 34.0 5.3 35.9 5.4 
disorders common 

Common Fever 8.3 '0.0 7.6 0.0 

Hepatobiliary Common SGPT (ALT) elevation 7.9 1.9 1.4 0.0 
disorders 

SGOT (AST) elevation 6.8 1.1 0.7 0.0 
I 

Skin and 'Very Rash/desquamation 14.0 0.0 6.2 0.0 
subcutaneous j common 
tissue I 

disorders iCommon Pruritus 6.8 0.4 1.8 0.0 
i 
I Alopecia 6.4 0.4 37.7 2.2 

*Refer to National Cancer Institute CTC version 2 for each grade of toxicity. 

Very common - ~ 10%; common is normally defined as >1% and <10%. For the purpose of 
this table, a cut-off of 5% was used for inclusion of all events where the reporter considered a 
possible relationship to pemetrexed. 

) Clinically relevant CTC toxicities that were reported in >1% and ~5% (common) of the patients that 
· were randomly assigned to pemetrexed include: infection without neutropenia, febrile neutropenia, 

allergic reaction/hypersensitivity, increased creatinine, motor neuropathy, sensory neuropathy, 
erythema multiforme, and abdominal pain. 
Clinically relevant CTC toxicities that were reported in s 1 % of the patients that were randomly 
assigned to pemetrexed include supraventricular arrhythmias. 
Clinically relevant Grade 3 and Grade 4 laboratory toxicities were similar between integrated Phase 2 
results from three single-agent pemetrexed studies (n = 164) and the Phase 3 single-agent 
pemetrexed study described above, with the exception of neutropenia (12.8% versus 5.3%, 
respectively) and alanine transaminase elevation {15.2% versus 1.9%, respectively). These 
differences were likely due to differences in the patient population, since the Phase 2 studies 
included both chemonaive and heavily pre-treated breast cancer patients with pre-existing liver 
metastases and/or abnormal baseline liver function tests. 
Serious cardiovascular and cerebrovascular events, including myocardial infarction, angina pectoris, 
cerebrovascular accident, and transient ischaemic attack, have been uncommonly reported during 
clinical studies with pemetrexed, usually when given in combination with another cytotoxic agent. 
Most of the patients in whom these events have been observed had pre-existing cardiovascular risk 
factors. 
Rare cases of hepatitis, potentially serious, have been reported during clinical studies with 
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pemetrexed. 
Pancytopenia has been uncommonly reported during clinical trials with pemetrexed. 
During post-marketing surveillance, the following adverse reactions have been reported in patients 
treated with pemetrexed: 
Rare cases of colitis have been reported in patients treated with pemetrexed. 
Cases of acute renal failure have been reported with pemetrexed alone or in association with other 
chemotherapeutic agents (see section 4.4). 

4. 9 Overdose 

Reported symptoms of overdose include neutropenia, anaemia, thrombocytopenia, mucositis, 
sensory polyneuropathy, and rash. Anticipated complications of overdose include bone marrow 
suppression as manifested by neutropenia, thrombocytopenia, and anaemia. In addition, infection 
with or without fever, diarrhoea, and/or mucositis may be seen. In the event of suspected 
overdose, patients should be monitored with blood counts and should receive supportive therapy 
as necessary. The use of calcium folinate/folinic acid in the management of pemetrexed overdose 

) should be considered. 

) 

5.1 Pharmacodynamic properties 

Pharmacotherapeutic group: Folic acid analogues. ATC code: L01BA04. 
Alimta is a multi-targeted anti-cancer antifolate agent that exerts its action by disrupting crucial 
folate-dependent metabolic processes essential for cell replication. 
In vitro studies have shown that pemetrexed behaves as a multi-targeted antifolate by inhibiting 
thymidylate synthase (TS), dihydrofolate reductase (DHFR), and glycinamide ribonucleotide 
formyltransferase (GARFT), which are key folate-dependent enzymes for the de novo biosynthesis 
of thymidine and purine nucleotides. Pemetrexed is transported into cells by both the reduced 
folate carrier and membrane folate binding protein transport systems. Once in the cell, 
pemetrexed is rapidly and efficiently converted to polyglutamate forms by the enzyme 
folylpolyglutamate synthetase. The polyglutamate forms are retained in cells and are even more 
potent inhibitors of TS and GARFT. Polyglutamation is a time- and concentration-dependent 
process that occurs in tumour cells and, to a lesser extent, in normal tissues. Polyglutamated 
metabolites have an increased intracellular half-life resulting in prolonged drug action in 
malignant cells. 

Clinical Efficacy 

EMPHACIS, a multi-centre, randomised, single-blind Phase 3 study of Alimta plus cisplatin versus 
cisplatin in chemonaive patients with malignant pleural mesothelioma, has shown that patients 
treated with Alimta and cisplatin had a clinically meaningful 2.8-month median survival 
advantage over patients receiving cisplatin alone. 
During the study, low-dose folic acid and vitamin B12 supplementation was introduced to patients' 
therapy to reduce toxicity. The primary analysis of this study was performed on the population of 
all patients randomly assigned to a treatment arm who received study drug (randomised and 
treated). A subgroup analysis was performed on patients who received folic acid and vitamin B12 
supplementation during the entire course of study therapy (fully supplemented). The results of 
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these analyses of efficacy are summarised in the table below. 

Efficacy of Alimta Plus Cisplatin vs Cisplatin in Malignant Pleural Mesothelioma 

Randomised and Treated Fully Supplemented 
Patients Patients 

Efficacy Parameter Alimta/Cisplatin Cisplatin Alimta/Cisplatin Cisplatin 

(n = 226) (n = 222) (n = 168) (n = 163) 

Median overall survival 12.1 9.3 13.3 10.0 
(months) 

(95% Cl) ( 10.0-14.4) (7.8-10.7) (11.4-14.9) (8.4-11.9) 

Log rank P -value* 0.020 0.051 

Median time to tumour 5.7 3.9 6.1 3.9 

1 progression (months) 

I (95% CI} (4.9-6.5} (2.8-4.4} (5.3-7.0) (2.8-4.5) 

Log rank P -value* 0.001 0.008 

Time to treatment 4.5 2.7 4.7 
f·7 failure (months) 

(95% CI) (3.9-4.9) (2.1-2.9) (4.3-5.6) (2.2-3.1) 

Log rank P -value* 0.001 0.001 

Overall response 41.3% 16.7% 45.5% 19.6% 
rate** 

(95% CI) (34.8-48.1} (12.0-22.2} (37.8-53.4) (13.8-26.6) 

Fisher's exact P -value* <0.001 <0.001 

Abbreviation: CI= confidence interval. I 
*P -value refers to comparison between arms. 

**In the Alimta/cisplatin arm, randomised and treated (n = 225) and fully supplemented 
(n = 167). 

·--· -- - -- - - -- ' - - -- -- - -- - _, -- - -
A statistically significant improvement of the clinically relevant symptoms {pain and dyspnoea) 
associated with malignant pleural mesothelioma in the Alimta/cisplatin arm (212 patients) versus 
the cisplatin arm alone (218 patients) was demonstrated using the Lung Cancer Symptom Scale. 
Statistically significant differences in pulmonary function tests were also observed. The separation 
between the treatment arms was achieved by improvement in lung function in the 
Alimta/cisplatin arm and deterioration of lung function over time in the control arm. 
There are limited data in patients with malignant pleural mesothelioma treated with Alimta alone. 
Alimta at a dose of 500mg/m2 was studied as a single-agent in 64 chemonaive patients with 
malignant pleural mesothelioma. The overall response rate was 14.1 %. 
A multi-centre, randomised, open-label Phase 3 study of Alimta versus docetaxel in patients with 
locally advanced or metastatic NSCLC after prior chemotherapy has shown median survival times 
of 8.3 months for patients treated with Alimta (intent to treat population n = 283) and 7.9 
months for patients treated with docetaxel (ITT n = 288). 
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Efficacy of Alimta vs Docetaxel in NSCLC - ITT Population 

Alim ta Docetaxel 

Survival time (months ) (n = 283) (n = 288) 

•Median (m) 8.3 7.9 

• 95% CI for median (7.0-9.4) (6.3-9.2) 

•HR 0.99 

• 95% CI for HR (.82-1.20) 

• Non-inferiority P -value (HR) .226 

Progression free survival (months) (n = 283) (n = 288) 

•Median 2.9 2.9 

•HR (95% CI) 0.97 (.82-1.16) 

Time to treatment failure (TTTF - (n = 283) (n = 288) 
months) 

•Median 2.3 2.1 

•HR (95% Cl) 0.84 (.71-.997) 

Response (n: qualified for response) (n = 264) (n = 274) I 
• Response rate (%) (95% CI) 9.1 (5.9-13.2) 8.8 (5. 7-12.8) I 

f • Stab);disease (%) 45.8 46.4 j 

Abbreviations: CI = confidence interval; HR = hazard ratio; ITT = intent to treat; n = total 
population size. 

5·~·2 Pharmacokinetic properties 

The pharmacokinetic properties of pemetrexed following single-agent administration have been 
evaluated in 426 cancer patients with a variety of solid tumours at doses ranging from 0.2 to 
838mg/m2 infused over a 10-minute period. Pemetrexed has a steady-state volume of 
distribution of 9 l/m2

• In vitro studies indicate that pemetrexed is approximately 81% bound to 
plasma proteins. Binding was not notably affected by varying degrees of renal impairment. 
Pemetrexed undergoes limited hepatic metabolism. Pemetrexed is primarily eliminated in the 
urine, with 70% to 90% of the administered dose being recovered unchanged in urine within the 
first 24 hours following administration. Pemetrexed total systemic clearance is 91.8ml/min and 
the elimination half-life from plasma is 3.5 hours in patients with normal renal function 
(creatinine clearance of 90ml/min). Between patient variability in clearance is moderate at 
19.3%. Pemetrexed total systemic exposure (AUC) and maximum plasma concentration increase 
proportionally with dose. The pharmacokinetics of pemetrexed are consistent over multiple 
treatment cycles. 
The pharmacokinetic properties of pemetrexed are not influenced by concurrently administered 
cisplatin. Oral folic acid and intramuscular vitamin B12 supplementation do not affect the 
pharmacokinetics of pemetrexed. 
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5.3 Preclinical safety data 

Administration of pemetrexed to pregnant mice resulted in decreased foetal viability, decreased 
foetal weight, incomplete ossification of some skeletal structures, and cleft palate. 
Administration of pemetrexed to male mice resulted in reproductive toxicity characterised by 
reduced fertility rates and testicular atrophy. In a study conducted in beagle dog by intravenous 
bolus injection for 9 months, testicular findings (degeneration/necrosis of the seminiferous 
epithelium) have been observed. This suggests that pemetrexed may impair male fertility. 
Female fertility was not investigated. 
Pemetrexed was not mutagenic in either the in vitro chromosome aberration test in Chinese 
hamster ovary cells, or the Ames test. Pemetrexed has been shown to be clastogenic in the in 
vivo micronucleus test in the mouse. 
Studies to assess the carcinogenic potential of pemetrexed have not been conducted. 

6.1 List of excipients 

Mannitol 
Hydrochloric acid 
Sodium hydroxide 

6.2 Incompatibilities 

Pemetrexed is physically incompatible with diluents containing calcium, including lactated 
Ringer's injection and Ringer's injection. In the absence of compatibility studies this medicinal 
product must not be mixed with other medicinal products. 

6.3 Shelf life 

Two years. 
Reconstituted and infusion solutions: When prepared as directed, reconstituted and infusion 
solutions of Alimta contain no antimicrobial preservatives. Chemical and physical in-use stability 
of reconstituted and infusion solutions of pemetrexed were demonstrated for 24 hours at 
refrigerated temperature or 25°C. From a microbiological point of view, the product should be 
used immediately. If not used immediately, in-use storage times and conditions prior to use are 
the responsibility of the user and would normally not be longer than 24 hours at 2 to 8°C, unless 
reconstitution/dilution has taken place in controlled and validated aseptic conditions. 

6.4 Special precautions for ·storage 

Unopened vial: This medicinal product does not require any special storage conditions. 
For storage conditions of the reconstituted medicinal product see section 6.3. 
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6.5 Nature and contents of container 
Powder in Type I glass vial. Rubber stopper. 
Pack of 1 vial. 

6.6 Special precautions for disposal and other handling 

1. Use aseptic technique during the reconstitution and further dilution of pemetrexed for 
intravenous infusion administration. 
2. Calculate the dose and the number of Alimta vials needed. Each vial contains an excess of 
pemetrexed to facilitate delivery of label amount. 
3. Reconstitute SOOmg vials with 20ml of sodium chloride 9mg/ml (0.9%) solution for injection, 
without preservative, resulting in a solution containing 25mg/ml pemetrexed. Gently swirl each 
vial until the powder is completely dissolved. The resulting solution is clear and ranges in colour 
from colourless to yellow or green-yellow without adversely affecting product quality. The pH of 
the reconstituted solution is between 6.6 and 7.8. Further dilution is required. 
4. The appropriate volume of reconstituted pemetrexed solution should be further diluted to 
lOOml with sodium chloride 9mg/ml (0.9%) solution for injection, without preservative, and 
administered as an intravenous infusion over 10 minutes. 
5. Pemetrexed infusion solutions prepared as directed above are compatible with polyvinyl 
chloride and polyolefin lined administration sets and infusion bags. 
6. Parenteral medicinal products should be inspected visually for particulate matter and 
discolouration prior to administration. If particulate matter is observed, do not administer. 
7. Pemetrexed solutions are for single use only. Any unused product or waste material should be 
disposed of in accordance with local requirements. 
Preparation and administration precautions: As with other potentially toxic anti-cancer agents, 
care should be exercised in the handling and preparation of pemetrexed infusion solutions. The 
use of gloves is recommended. If a pemetrexed solution contacts the skin, wash the skin 
immediately and thoroughly with soap and water. If pemetrexed solutions contact the muco1.,1s 
membranes, flush thoroughly with water. Pemetrexed is not a vesicant. There is not a specific 
antidote for extravasation of pemetrexed. There have been few reported cases of pemetrexed 
extravasation, which were not assessed as serious by the investigator. Extravasation should be 
managed by local standard practice as with other non-vesicants. 

Eli Lilly Nederland BV, Grootslag 1-5, NL-3991 RA Houten, The Netherlands. 

EU/1/04/290/001 

Date of first authorisation: 20 September 2004 
Date of renewal of authorisation: -
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14 March 2007 

LEGAL CATEGORY 

POM 
*AUMTA (pemetrexed) is a trademark of Eli Lilly and Company. 

AT4M 

http://emc.rnedicines.org.uk/ernc/assets/c/htmVdisplaydoc.asp?docurnentid= 15513 

Patient Information Leaflet: 
Alimta SOOmg oowder for concentrate for solution for infusion 

Alternative format PIL: 
View X-PIL Cnew window) 
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Eli Lilly and Company Limited 
Dextra Court 
Chapel Hill 
Basingstoke 
Hampshire RG215SY 
Telephone +44 (0) 1256 315000 
Fax +44 (0) 1256 315858 

Customer Care Line: +44 (0) 1256 315999 

14th September 1999 

Dear--

LETTER OF AGREEMENT - TWO WAY WITHOUT ADVANCE 

Eli Lilly and Company Limited (Lilly) appreciates having the opportunity to collaborate with you 
(hereinafter referred to as "You" or "Your" in this study entitled "A Phase II Trial of MTA 
Administered Intravenously every 21 Days in Patients with Malignant Pleural Mesotheliorna" 
(protocol) H3E/MC/JMDR. which Protocol is incorporated herein by reference Study. This Agreement 
sets forth Your obligations as the Investigator and those of Lilly as the sponsor. 

I. YOUR OBLIGATIONS 

You agree to assume the following obligations in executing this Agreement: 

A. Conduct of the Study 

You agree to personally conduct or supervise the Study at Your facility or institution. You 
agree to comply with: all conditions specified in the Protocol and Protocol amendments 
and/or addenda; applicable requirements of the Declaration of Helsinki; applicable Good 
Clinical Practice Guidelines and/or other nationally established guidelines; the approval of 
Your Ethical Review Board (ERB); and all other applicable laws or standards. You shall 
ensure that all of Your associates, colleagues and employees involved in the conduct of the 
Study at Your facility or institution also understand and comply with these obligations. You 
shall obtain the written consent of the institution in which the Study is to be performed to 
Your conduct of the trial. 

If You are not a licensed physician, You shall ensure that a licensed physician is an 
investigator or sub-investigator at Your site and will be responsible for patient care and other 
appropriate aspects of this Study. 

You acknowledge that You have read and understand all information in the investigator's 
brochure provided to You by Lilly, including the potential risks and side effects of the Study 
drug. 

~ 
H3E/MC/JMDR/801 
D003/0l .2.2 AA 

A subsidiary of Eli Lilly and Company, Indianapolis, Indiana, USA 
Pagel of 7. 
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You agree that no investigations, or procedures, other than those specified by the Protocol or 
required for normal routine medical care, will be performed on the Study patients without the 
prior agreement of Lilly and the approval of Your ERB. 

You agree to inform the Study patient's primary care physican of the patient's participation in 
the Study. 

You agree to ensure the accuracy, completeness, legibility and timeliness of the Study data 
reported in the case record forms (CRF) and in all required reports. Data reported on the CRF, 
that are derived from source documents, should be consistent with the source documents or 
discrepancies should be explained. 

You agree not to pay fees to another physician for the referral of patients. You shall not allow 
a subject to be enrolled simultaneously in this Study and another clinical trial without Lilly's 
advance written permission. 

You agree to only use an informed consent document which has been reviewed and approved 
by Lilly. 

You agree that Lilly or Lilly-designated representatives and domestic or foreign regulatory 
agencies may inspect Your procedures, facilities and Study records (including portions of 
other pertinent records for all patients in the Study) and those procedures, facilities or Study 
records of any employee, contractor or agent or Study site that You use in conducting the 
Study. Information obtained from such inspections may be shared with Lilly and Lilly
designated representatives. In the event that Lilly or Lilly-designated representatives discover 
that there is a lack of compliance with this Agreement, the Protocol, Good Clinical Practice· 
Guidelines, applicable government regulations or other regulatory requirements, Lilly is 
entitled to secure compliance or discontinue shipments of Study drug and end Your 
participation in the Study. 

B. Study Drug Use and Record Retention 

Drugs furnished for the Study will be used solely under the Protocol and may not be used for 
any other purposes. You shall follow Lilly's instructions related to disposition of clincial trial 
materials. You shall be responsible for compliance with all laws and regulations applicable to 
any destruction or disposition of clinical materials at Your site. All Study records must be 
retained for fifteen (15) years after completion or termination of the Study. After this time you 
will contact Lilly who may require storage for a longer period of time. In such case Lilly will 
pay a storage fee to defray the cost of continuing storage. After this time you will contact 
Lilly who may require storage for a longer period of time. In such case Lilly will pay a 
storage fee to defray the cost of continuing storage. 

C. Study Review Meetings 

You agree to meet with Lilly representatives for Study review meetings at times agreed with 
Lilly to discuss the progress of the Study, and the parties' respective levels of satisfaction with 
it. At these meetings, the parties shall negotiate in good faith any required variations to the 
conduct of the Study and consequent adjustments required in order to address any areas of 
dissatisfaction. 

The parties shall agree the time, date and venue of these meetings and will prepare an agenda 
for discussion at the meeting. Attendees of the meeting shall include those representatives 
with authority to make decisions on behalf of the parties. 

Minutes of the meeting shall be prepared and agreed by both parties as soon after the meeting 
as possible. 

H3FJMC/JMDR/801 
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D. Confidentiality and Non-Use 

All information which is not already in the public domain provided to You by Lilly or Lilly 
designated representatives or generated by You in connection with the Study will be kept in 
confidence and not used for any purpose not contemplated by this Agreement for at least ten 
(10) years after the termination or conclusion of the Study, except to the extent that Lilly gives 
You written permission or particular information is required by laws or regulations to be 
disclosed to the ERB, the patient or regulatory agencies. To the extent disclosure is requested 
by any other person or entity, You shall promptly notify Lilly and shall not disclose any 
information without Lilly's prior written consent or until Lilly has exhausted any legal actions 
it may take to prevent or limit the requested disclosure. You shall be responsible for ensuring 
that Your employees, contractors and agents are obligated to these same terms of 
confidentiality and non-use. The terms of confidentiality and non-use set forth herein shaJl 
supersede any prior terms of confidentiality and non-use agreed to by the parties in connection 
with this Study and/or the Study drug. The terms of this Agreement shall also be considered 
confidential information, but may be disclosed only to the extent required by law or necessary 
for approval of this Study at your institution. 

E. Data and Publications 

Data generated in connection with the Study shall be the sole property of Lilly and shall be 
subject to the obligations of confidentiality and non-use set forth in Section D above; 
'1rovided, however. You will be free to publish and present the results of the Study subject to 
the following conditions: Lilly will be furnished with a copy of any proposed publication or 
presentation for review and comment sixty (60) days prior to such presentation or submission 
for publication. At the expiration of such sixty (60) day period, You may proceed with the 
presentation or submission for publication~ provided, however, that in the event Lilly has 
notified You in writing that Lilly reasonably believes that prior to such publication or 
presentation it must take action to protect its intellectual property interests, such as the filing 
of a patent application claiming an invention or a trademark registration application, or taking 
action to protect its data package exclusivity interests, You shall either (1) ~clay such 
publication or presentation for an additional ninety (90) days or until the foregoing action(s) 
have been taken, whichever shall first occur, or (2) if You are unwilling to delay the 
publication, You will remove from the publication or presentation the information which Lilly 
has specified it reasonably believes would jeopardize its intellectual property interests. Under 
certain circumstances, a shorter review period may be granted in writing by Lilly. You will 
assist Lilly in obtaining reprints of Your publication(s) resulting from the Study. 

F. Inventions 

If during the course of the Study, You conceive or actually reduce to practice what You 
believe to be a new invention or use involving the Study drug(s), You will promptly notify 
Lilly. The new invention or use shall be the sole property of and all rights in it shall be 
assigned to Lilly. 

G. Publicity 

1) Solicitation of patients. Lilly and Your ERB must approve, in writing, the text of any 
communication soliciting patients for the Study before placement, including, but not 
limited to, newspaper and radio advertisements, direct mail pieces, Internet 
advertisements or communications, and newsletters. Such communications must comply 
with applicable laws, guidelines and codes of practice and, in particular, shall not name 
the Study drug(s), contain therapeutic claims or mention Lilly. 

2) Press releases. Lilly must approve, in writing, press statements by You regarding the 
Study or the Study drug(s) before the statements are released. 

H3EJMC/JMDR/801 
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3) Inguiries from media and financial analysts. During and after the Study You may receive 
inquiries from reporters or financial analysts. Lilly requests that You confer with Your 
designated Lilly Research Physician or the Medical Director at Eli Lilly and Company 
Limited, Dextra Court, Chapel Hill, Basingstoke, RG21 5SY (01256) 315000, before 
responding to such inquiries. 

4) Use of Name. You will not use Lilly's name or trademarks, tradenames or logos or the 
names of any Lilly employees in any advertising or sales promotional material or in any 
publication without the prior written permission of Lilly. Lilly shall not use Your name or 
the names of any of Your employees in any advertising or sales promotional material or in 
any publication without Your prior written permission. 

H. Debarment Certification <Generic Drug Enforcement Act of 1992) 

You agree to submit to Lilly upon completion or termination of the Study a certification that 
You have not been debarred by the United States Food and Drug Administration (FDA) and 
that You did not use, and will not use in any capacity in connection with the Study, any 
individual or person debarred by the FDA under the provisions of the United States Generic 
Drug Enforcement Act of 1992. If any person involved with this Study becomes debarred or 
is the subject of a debarment proceeding at any time during this Study, You will notify Lilly 
immediately. 

I. CRO Involvement 

Lilly shall be entitled to appoint a Contract Research Organisation (CRO) to perform all or 
any of the obligations owed by Lilly as Sponsor of the Study under prevailing guidelines 
relating to Good Clinical Practice. You will be notified of any such appointment or change of 
appointment and undertake to cooperate with any such CRO appointed on all Study related 
matters delegated to it by Lilly and to accept instructions from such CRO in relation to such 
matters as if the same were given by Lilly pursuant to this Agreement. 

J. Equipment 

If Lilly or a Lilly-designated representative is providing You with equipment for use in this 
Study (Equipment), You agree that Lilly shall not own or insure the Equipment, or be 
responsible for maintenance or any risk of loss in connection with the Equipment, during the 
term of the Study. You agree that the Equipment shall remain in the same condition during 
the Study, ordinary wear and tear ex.cepted and that You will follow Lilly's instructions for 
disposition of the Equipment at the completion or termination of the Study. 

II. LILLY SUPPORT 

Lilly will provide You with Study drug(s). In addition, Lilly will provide financial support for the 
Study as follows: 

A. Payee 

If You are an independent investigator (i.e., You do not receive remuneration from the 
institution in which the Study will be performed, and payment to You under the terms of this 
Agreement will not violate any policy or agreement that You have with a third party with 
which You are affiliated), please acknowledge this fact by signing Your name and inserting 
the date below. 

H3E/1'1C/JMI>R/801 
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Unless You acknowledge that You are an independent investigator (see above), payments will 
be made to Your institution. If another payee is requested, a letter must be provided from a 
responsible official of Your institution which: (1) authorises payment to a payee other than 
Your institution, (2) states that such payments can be made in concert with the rules and 
policies of Your institution; and (3) certifies that such payment will not violate applicable laws 
or regulations. 

Payment will be made to: 

Sc& e>C""-bit:; ft 

(Identification Number for Tax Purposes) 

B. Payment Schedule 

The Budget attached hereto as Exhibit A (Budget) indicates that a maximum amount of 
......... will be paid to You, Your institution or Your nominated payee in 
connection with the Study. For those amounts designated for patient services, You, Your 
institution or Your nominated payee will receive payment only for the actual number of visits 
and procedures performed in accordance with agreed upon procedure fees outlined in the 
Budget; such compensation is limited to payment for the number of patients designated in the 
Budget who are enrolled in the Study by , unless Lilly has given You written approval to 
enroll additional patients or extend the enrolment period. 

When recruitment into a study is on a competitive basis there can be no guarantee that any 
individual site will have the full recruitment period in which to recruit patients or have a 
specific number of patients allocated. 

To be eligible for payment, the procedures must be performed in full compliance with the 
Protocol and this Agreement, and the data submitted must be complete and correct. For data 
to be complete and correct, each patient must have signed an ERB~approved consent 
document, and all procedures designated in the Protocol must be carried out on a "best efforts" 
basis; omissions must be satisfactorily explained. It is expected that for all items required 
under the Protocol for which Lilly has agreed to provide compensation, Lilly will be the sole 
source of compensation. 

Payments, if due, will be made based on the Budget and the data received, at Quarterly 
intervals; provided, however, that (I) other than the final payment, Lilly shall not issue any 
payment for a total amount less than Two Hundred Pounds (£200.00); (2) the final payment 
will be made when all patients have completed the Study and all available data and case report 
forms have been received and accepted by Lilly; and (3) matters in dispute shall be payable 
upon mutual resolution of such dispute. In the event the amount due in any given period is less 
than Two Hundred Pounds (£200.00), such amount shall carry-over without payment to the 
next payment period. 

When Your data are reviewed by an on-site scheduled visit of a Lilly-designated 
representative, You will have all reasonably available data obtained through the preceding day 
complete and ready for evaluation. Lilly reserves the right to refuse payment for data not 
received by Lilly within ten (10) days after the representative's review. 

In addition, if Lilly requests Your attendance at a Study start-up meeting or other meeting 
necessary to provide You information regarding the Study or Study Drug, Lilly shall 
reimburse You or Your institution for reasonable and necessary travel and lodging expenses 
that You incur to attend such meeting(s) and that have been specifically approved in advance 
by Lilly. Lilly shall make such reimbursements within thirty (30) days of receiving acceptable 
detailed documentation of such expenses, provided that Lilly receives such documentation 
within sixty (60) days of the date that the expenses were incurred. 
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C. Subject Injurv Reimbursement 

Lilly agrees to reimburse You for the following additional costs: 

(1) All reasonable and customary costs incurred by You and associated with the diagnosis of 
an adverse event involving the Study drug or a Protocol procedure; and 

(2) All reasonable and customary costs incurred for treatment of the subject if Lilly 
determines after consulting with You that the adverse event was reasonably related to 
administration of the Study drug or a Protocol procedure; 

provided, however, that: 

(a) such costs are not covered by the subject's medical or hospital insurance or other 
governmental programme providing such coverage; 

(b) the adverse event is not attributable to Your or any agents', contractors' or 
employees' negligence or misconduct; 

(c) the adverse event is not attributable to any underlying illness, whether previously 
diagnosed or not; 

(d) the Study drug or Protocol procedure was administered in accordance with the 
Protocol; and 

(e) the subject would not have undergone the protocol procedure which caused the 
adverse event but for the inclusion of the subject in the Study. 

Lilly shall have the option of paying the additional costs directly to the provider of the service 
or to You. 

D. Limit of Patient Entry or Enrolment and Study Iennination 

Lilly reserves the right to limit entry or enrolment of additional patients at any time. This may 
occur in a competitive-enrolment Study because sufficient patients have been entered by other 
investigators to complete the needs of the Study. Lilly also reserves the right to terminate 
Your or any patient's participation in the Study or the Study itself at any time for any reason. 
In addition if there has been no recruitment into the study within 6 months of start-up your site 
will be closed and this Agreement shall be terminated. In the event Your participation in the 
Study or the Study itself is terminated, You agree to return, retain, or dispose of all Study 
drug(s) in accordance with instructions to be provided by Lilly and regulatory requirements. 

In the event of termination, payments will be made for all work that has been performed up to 
the date of termination and shall be limited to reasonable non-cancelable costs which were 
incurred by You in connection with the Study as required under the Protocol and contemplated 
in the Budget. If any payments exceed the amount owed for work performed under the 
Protocol, You agree to return the ex:cess balance to Lilly. 

III. INDEMNIFICATION 

In consideration of the performance by You and Your staff, officers, agents and employees 
(lndemnitees) of the work described in the Protocol and submission to Lilly of a complete report of 
the results of the investigation, Lilly agrees to indemnify, defend and hold harmless the 
lndemnitees from and against loss, damage, cost and expense of claims and suits (including 
reasonable legal costs and expenses) resulting from an injury to a patient seeking damages alleged 
to have been directly caused or contributed to by any substance or procedure administered in 
accordance with the Protocol, including the cost and expense of handling such claims and 
defending such suits; provided, however, (l) that Indemnitees have adhered to and complied with 
all applicable laws and regulations (including, without limitation, obtaining informed consents and 
ERB approvals), the specifications of the Protocol and all recommendations furnished by Lilly for 
the use and administration of any drug or device described in the Protocol; (2) that Lilly is 
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promptly notified of any such claim or suit; (3) that the Indemnitees cooperate fully in the 
investigation and defense of any such claim or suit; (4) that Lilly retains the right to defend the 
lawsuit in any manner it deems appropriate, including the right to retain legal counsel of its choice; 
and (5) that Lilly shall have the sole right to settle the claim. provided. however. that Lilly shall not 
admit fault on Your behalf without Your advance written permission. In addition, Lilly's 
obligation of indemnification shall not extend to any loss, damage or expense arising from the 
negligence, willful malfeasance or malpractice by the Indemnitees, it being understood that the 
administration of any substance in accordance with the Protocol shall not constitute negligence or 
malpractice for purposes of this Agreement. 

IV. SUR VIVORSIIlP CLAUSE 

The obligations under Section I and Section m shall survive the expiration, termination, or 
cancellation of this Agreement. 

V. INDEPENDENT CONIRACTOR 

In conducting the Study, You will be acting as an independent contractor, and not as an agent, 
partner, or employee of Lilly. You will not have any authority to make agreements with third 
parties that are binding on Lilly. 

This Agreement represents the entire understanding between the parties, and supersedes all other 
agreements, express or implied, between the parties concerning the subject matter hereof. This 
Agreement shall be governed by and construed in accordance with the law of Scotland and the parties 
hereby submit to the exclusive jurisdiction of the Court of Session in Scotland. 

If the foregoing is acceptable to You, please sign the enclosed Agreements and r t . . 1 to t • ' .: 
in the enclosed envelope. If You have any questions, please call 

Yours sincerely, 

Eli LiJly and Company Limited. AGREED AND ACCEPTED 

Date 

Date 

( -::r. 9. 77. 
Date 
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:• 

21 April 1999 

Dear~ 

Eli Lilly and Company Limited 
Dext:ra Court 
Chapel Hill 
Basingstoke 
Hampshire RG21 5SY 
Telephone +44 (0) 1256 315000 
Fax +44 (0) 1256 315858 

Customer Care Line: +44 (0) 1256 315999 

LETTER OF AGREEMENT 

Eli Lilly and Company Limited ("Lilly") appreciates having the opportunity to collaborate with --
("Investigator") an ·n the Study entitled "A Single-blind Randomized 
Phase 3 Trial of M p :us 1sp a versus 1sp atln in Patients with Malignant Pleural Mesothelioma" 
(protocol H3E/MC/JMCH, which Protocol is incorporated herein by reference "Study"). This Agreement sets 
forth the joint and several obligations of the Investigator and University (hereinafter referred to together as 
"You" or "Your") and the obligations of Lilly as the sponsor. 

I. YOUR OBLIGATIONS 

You agree to assume the following obligations in executing this Agreement: 

A. Conduct of the Study 

You agree to personally conduct or supervise the Study at Your facility or institution. You and Your 
colleagues agree to comply with: all conditions specified in the Protocol and Protocol amendments, 
including the statements required by Lilly in Your informed consent document; applicable 
requirements the Declaration of Helsinki (Somerset West. South Africa, 1996); applicable Good 
Clinical Practice Guidelines and/or other nationally established guidelines; the approval of Your 
Ethical Review Board ("ERB"); and all other applicable national, state, and local laws or standards. 
You shall ensure that all of Your associates, colleagues and employees involved in the conduct of the 
Study at Your facility or institution also understand these obligations. 

You acknowledge that You have read and understand all information in the investigator's brochure 
provided to You by Lilly, including the potential risks and side effects of the Study drug. 

You agree not to pay fees to another physician for the referral of patients. 

You agree to only use an informed consent document which has been reviewed and approved by Lilly. 
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You agree that Lilly or Lilly-designated representatives may inspect Your procedures, facilities and 
Study records (including portions of other pertinent records for all patients in the Study) and those 
procedures, facilities or Study records of any contractor or agent that You use in conducting the Study. 
Information obtained from such inspections may be shared with Lilly and Lilly-designated 
representatives. In the event that Lilly or Lilly-designated representatives discover that there is a lack 
of compliance with this Agreement, the Protocol, Good Clinical Practice Guidelines, applicable 
government regulations or other regulatory requirements, Lilly is entitled to secure compliance or 
discontinue shipments of Study drug and end Your participation in the Study. 

B. Study Drug Use and Record Retention 

Drugs furnished for the Study will be used solely under the Protocol and may not be used for any other 
purposes. All Study records must be retained for fifteen (15) years after completion or termination of 
the Study. 

C. Confidentiality and Non-Use 

All information provided to You by Lilly or generated by You in connection with the Study will be 
kept in confidence and not used for any purpose not contemplated by this Agreement for at least ten 
( 1 O) years after the termination or conclusion of the Study, unless Lilly gives You written permission 
or particular information is required by laws or regulations to be disclosed to the ERB, the patient, or 
regulatory agencies. To the extent disclosure is requested by any other person or entity, You shall 
promptly notify Lilly and shall not disclose any information without Lilly's prior written consent or 
until Lilly has exhausted any legal actions it may take to prevent or limit the requested disclosure. You 
shall be responsible for ensuring that Your employees and agents are obligated to these same terms of 
confidentiality and non-use. The terms of confidentiality and non-use set forth herein shall supersede 
any prior terms of confidentiality and non-use agreed to by the parties in connection witbwfbis Study 
and/or the Study Protocol. You shall not disclose any information related to this Study or the Protocol 
to any third party for the pwpose of making such information (or a summary) available in any 
publication or electronic clinical trial databases. Consistent with this requirement, You agree to confer 
with Lilly Legal in the United States if You are requested to provide any such information for that 
purpose. Lilly Legal will negotiate the terms, at Lilly's sole discretion, under which such information 
shall be released, if at all. 

D. Data and Publications 

Data emanating from the Study shall be the sole property of Lilly and shall be subject to the 
obligations of confidentiality and non-use set forth in Section C above; provided, however, You will be 
free to publish and present the results of the Study subject to the following conditions: Lilly will be 
furnished with a copy of any proposed publication or presentation for review and comment sixty ( 60) 
days prior to such presentation or submission for publication. At the expiration of such sixty (60) day 
period, You may proceed with the presentation or submission for publication; provided, however, that 
in the event Lilly bas notified You in writing that Lilly reasonably believes that prior to such 
publication or presentation it must take action to protect its intellectual property interests, such as the 
filing of a patent application claiming an invention or a trademark registration application, or taking 
action to protect its data package exclusivity interests, You shall either (I) delay such publication or 
presentation for an additional ninety (90) days or until the foregoing action(s) have been taken, 
whichever shall first occur, or (2) if You are unwilling to delay the publication, You will remove from 
the publication or presentation the information which Lilly has specified it reasonably believes would 
jeopardize its intellectual property interests. Under certain circumstances, a shorter review period may 
be granted in writing by Lilly. You will assist Lilly in obtaining reprints of Your publication(s) 
resulting from the Study. 
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E. Work Product 

All reports, brochures, handouts, documents or other work product ("Work Product") developed or 
compiled by. You in connection with pcrfonning services pursuant to this Agreement shall be the 
property of Lilly and shall be delivered to Lilly upon request or upon termination of this Agreement. 
The Work Product shall constitute a work for hire for Lilly and, therefore, Lilly shall own all 
copyrights arising from Your services under this Agreement; however, Work Product shall not ll;lclude 
any publication reviewed and approved by Lilly in accordance with Section ICD) above. In the event 
any Work Product is not deemed to constitute a work for hire for Lilly, You hereby assign all rights, 
title and interest that You have or may acquire in the Work Product for Lilly. You agree to execute 
without further consideration all assignments or other documents that may be necessary or helpful to 
establish Lilly's ownership of the Work Product. All Work Product shall be original creations for Lilly 
and shall not infringe any patent, copyright or other proprietary right of a third party. If requested, any 
or all Work Product owned by Lilly shall be transferred to Lilly in a fonn and manner to be agreed 
upon by You and Lilly. The information provided to You by Lilly in order for You to carry out the 
services under this Agreement, including reports, brochures, documents, handouts, ideas, concepts, 
etc., and the Work Product shall at all times remain solely the property of Lilly and shall not be utilized 
in any manner beyond what is called for in this Agreement. Additionally, You shall not issue, release 
or disclose any information concerning the services provided under this Agreement to any person 
without prior review and approval by Lilly. 

A. Inventions 

If during the course of the Study, You conceive or actually reduce to practice what You believe to be a 
new invention or use involving the Study drug(s), You will promptly notify Lilly. The new invention 
or use shall be the sole property of and shall be assigned to Lilly. 

G. Publicity 

1) Solicitation of patients. Lilly and Your ERB must approve, in writing, the text of any 
conununication soliciting patients for the Study before placement, including, but not limited to, 
newspaper and radio advertisements, direct mail pieces, and the Internet. Such communications 
shall not name the Study drug(s), contain therapeutic claims or mention Lilly. 

2) Press releases. Lilly must approve, in writing, press statements by You regarding the Study or the 
Study drug(s) before the statements are released. 

3) Inquiries from media and financial analysts. During and after the Study You may receive inquiries 
from reporters or financial analysts. Lilly requests that You confer with Your designated Lilly 
Research Physician or our Medical Director at Eli Lilly and Company Limited, Dextra Court, 
Chapel Hill, Basingstoke (01256) 315000, before responding to such inquiries. 

4) Use of Name. You will not use Lilly's name or the names of any Lilly employees in any 
advertising or sales promotional material or in any publication without the prior written permission 
of Lilly. Lilly shall not use Your name or the names of any of Your employees in any advertising 
or sales promotional material or in any publication without Your prior written permission. 

H. Debarment Certification (Generic Drug Enforcement Act of 1992) 

You agree to submit to Lilly upon completion or termination of the Study a certification that You have 
not been debarred by the United Stated Food and Drug Administration ("FDA") and that You did not 
use, and will not use in any capacity in connection with the Study, any individual or person debarred 
by the FDA under the provisions of the United States Generic Drug Enforcement Act of 1992. 
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II. LILLY SUPPORT 

Lilly will provide You with Study drug(s). In addition, Lilly will provide fmancial support for the Study as 
follows: 

A. Payee 

If You are an independent investigator (i.e., You do not re<:eive remuneration from the institution in 
which the Study will be performed, and payment to You under the tenns of this Agreement will not 
violate any policy or agreement that You have with a third party with which You are affiliated), please 
acknowledge this fact by signing Your name and inserting the date below. 

I am an independent investigator: 

Signature Date 

Unless You acknowledge that You are an independent investigator (see above), payments will be made 
to Your institution. If another payee is requested, a letter must be provided from a responsible official 
of Your institution which: (1) authorizes payment to a payee other than Your institution. (2) states that 
such payments can be made in concert with the rules and policies of Your institution; and (3) certifies 
that such payment will not violate applicable federal, state, or local laws or regulations. 

Payment will be made to: 

(Taxpayer l.D. or SS Number) 

B. Payment Schedule 

The Budget attached hereto as Exhibit A ("Budget") indicates thaf41•• -will be paid to You in connection with the Study. For those amounts es1gnated for patient 
services, You will receive payment only for the actual number of visits and procedures performed in 
accordance with agreed upon procedure fees outlined in the Budget; such compensation is limited to 
payment for the number of patients designated in the Budget who are enrolled in the Study by October 
2000, unless Lilly has given You written approval to enroll additional patients or extend the enrolment 
period. 

When recruitment into a study is on a competitive basis there can be no guarantee that any individual 
site will have the full recruitment period in which to recruit patients or have a specific number of 
patients allocated. 

To be eligible for payment, the procedures must be performed in.full compliance with the Protocol and 
this Agreement, and the data submitted must be complete and correct. For data to be complete and 
correct, each patient must have signed an ERB-approved consent document, and all procedures 
designated in the Protocol must be carried out on a "best efforts" basis; omissions must be 
satisfactorily explained. It is expected that for all items required under the Protocol for which Lilly has 
agreed to provide compensation, Lilly will be the sole source of compensation. 
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Payments, if due, will be made based on the Budget and the data received, at Quarterly intervals; 
provided. however, that (1) other than the final payment, Lilly shall not issue any payment for a total 
amount less than Two Hundred Pounds (£200.00); (2) the fmal payment will be made when all patients 
have completed the Study and all available data and case report fonns have been received and accepted 
by Lilly; and (3) matters in dispute shall be payable upon mutual resolution of such dispute. In the 
event that the Advance credit in any given period exceeds the amount of a payment due, the excess 
credit shall carry-over and be applied against the subsequent payment, in addition to any otherwise 
applicable credit. In the event the amount due in any given period is less than Two Hundred Pounds 
(£200.00), such amount shall carry-over without payment to the next payment period. 

When Your data are reviewed by an on-site scheduled visit of a Lilly-designated representative, You 
will have all reasonably available data obtained through the preceding day complete and ready for 
evaluation. Lilly reserves the right to refuse payment for data not received by Lilly within ten (10) 
days after the representative's review. 

In addition, if Lilly requests Your attendance at a Study start-up meeting or other meeting necessary to 
provide You information regarding the Study or Study Drug, Lilly shall reimburse You for reasonable 
and necessary travel and lodging expenses that You incur to attend such meeting( s) and that have been 
specifically approved in advance by Lilly. Lilly shall make such reimbursements within thirty (30) 
days of receiving acceptable detailed documentation of such expenses, provided that Lilly receives 
such documentation within sixty (60) days of the date that the expenses were incurred. 

C. Subject Injury Reimbursement 

Lilly agrees to reimburse You for the following additional costs: 

( 1) All reasonable and customary costs incurred by You and associated with the diagnosis of an 
adverse event involving the Study drug or a Protocol procedure; and 

(2) All reasonable and customary costs incurred for treatment of the subject if Lilly determines after 
consulting with You that the adverse event was reasonably related to administration of the Study 
drug or Protocol; 

provided, however, that: 

(a) such costs are not covered by the subject's medical or hospital insurance or other 
governmental program providing such coverage; 

(b) the adverse event is not attributable to Your or any agents' or employees' negligence or 
misconduct; 

( c) the adverse event is not attributable to any underlying illness, whether previously diagnosed 
or not; and 

(d) the Study drug or Protocol procedure was administered in accordance with the Protocol. 

Lilly shall have the option of paying the additional costs directly to the provider of the service or to 
You. 
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D. Limit of Patient Entry or Enrolment and Study Termination 

Lilly reserves the right to limit entry or enrohnent of additional patients at any time. This may occur in 
a competitive-enrolment Study because sufficient patients have been entered by other investigators to 
complete the needs of the Study. Lilly also reserves the right to terminate Your or any patient's 
participation in the Study or the Study itself at any time for any reason. In addition if there has been no 
recruitment into the study within 6 months of start-up your site will be closed. In the event Your 
participation in the Study or the Study itself is terminated, You agree to return, retain. or dispose of all 
Study drug(s) in accordance with instructions to be provided by Lilly and regulatory requirements. 

In the event of termination, payments will be made for all work that has been performed up to the date 
of termination and shall be limited to reasonable non-cancelable costs which were incurred by You in 
connection with the Study as required under the Protocol and contemplated in the Budget. If the 
Advance or other payments exceed the amount owed for work performed under the Protocol, You 
agree to return the excess balance to Lilly. 

Ill. INDEMNlFICA TION 

In consideration of the performance by You and Your staff, officers, agents and employees 
("Indemnitees") of the work described in the Protocol and submission to Lilly of a complete report of the 
results of the investigation, Lilly agrees to indemnify, defend and hold harmless the Indemnitees from and 
against loss, damage, cost and expense of claims and suits {including reasonable attorneys• fees) resulting 
from an injury to a patient seeking damages alleged to have been directly caused or contributed to by any 
substance or procedure administered in accordance with the Protocol, including the cost and expense of 
handling such claims and defending such suits; provided, however, (1) that Indemnitees have adhered to 
and complied with all applicable federal, state and local regulations (including, without limitation, 
obtaining informed consents and ERB approvals), the specifications of the Protocol and all 
recommendations furnished by Lilly for the use and administration of any drug or device described in the 
Protocol; (2) that Lilly is promptly notified of any such claim or suit; (3) that the Indemnitees cooperate 
fully in the investigation and defense of any such claim or suit; ( 4) that Lilly retains the right to defend the 
lawsuit in any manner it deems appropriate, including the right to retain counsel of its choice; and (5) that 
Lilly shall have the sole right to settle the claim. In addition, Lilly's obligation of indemnification shall not 
extend to any loss, damage or expense arising from the negligence, .willful malfeasance or malpractice by 
the Indemnitees, it being understood that the administration of any substance in accordance with the 
Protocol shall not constitute negligence or malpractice for purposes of this Agreement. 

IV. SURVIVORSHIP CLAUSE 

The obligations under Section I and Section III shall survive the expiration, termination, or cancellation of 
this Agreement. 

V. INDEPENDENT CONTRACTOR 

In conducting the Study, You will be acting as an independent contractor, and not as an agent, partner, or 
employee of Lilly. You will not have any authority to make agreements with third parties that are binding 
on Lilly. 

This Agreement represents the entire understanding between the parties, and supersedes all other agreements, 
express or implied, between the parties concerning the subject matter hereof. This Agreement shall be 
interpreted in accordance with the laws of England. 
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If the foregoing is acceptable to You, please sign the enclosed Agreements and return one orig" 
~ the enclosed envelope. If You have any questions, please call 

Yours sincerely, 

Eli Lilly and Company Limited . AGREED AND ACCEPTED 

28ttA 
Date 

Date 
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EXHIBIT A 

Budget for Study H3E-MC..JMCH 
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Antimetaboliten verdriingen kompetitiv natiirli
che StoffwechseJbausteine (Metaboliten) oder 
blockieren Enzyme und hemmen auf diese Wei
se den Stoffwecbsel und das ZeUwachstum. Ih
re Wirkung ist weitgehend unspezifisch, d. h. 
der Stoffwechsel al/er sich schnell teilender Zel
len wird in gleicher Weise betroffen. Aus die
sem Grund sind Antimetaboliten hocbtoxisch, 
was ihre Anwendung weitgehend einscbrilnkt. 

Durch geringftigige chemische Abwandlung der 
Folsaure wurden Folsaureantagonisten erhal
ten, die eine wesendich hohere AffinitlU zur 
Dihydrofolsaure-Reduktase als Folsaure selbst 
besitzen und auf diese Weise die Obertragung 
von Einkohlenstoff-Fragmenten (s. S. 388) ver
hindern. Die Folge ist cine gestorte Nucleinsiu
resynthese. 
In die Therapie wurden Aminopterin und 
Methotrexat eingeffihrt, von denen Aminopte
rin bereits wieder aus dem Handel gezogen 

, werden muBte. 
Folinsilure (Citrovorum-Faktor, Leucovorin~, 
nicht aber Folsiiure ist ein wirksames Antidot. 

Methotreut (Methotrexat Bristol, Methotrexat 
.,Lederle", Methotrexat Rhone-Poulenc) wird 
vorwiegend bei akuten Leukllmien, Chorion
epitheliom und verschiedenen Karzinomen, 
femer bei Autoimmunerkrankungen (s. S. 656) 
eingesetzt. 

665 

Die Dosierung hangt in hohem Ma.Be vom Be
handlungsschema ab. Bei den heute z. T. ver
wendeten Hochdosierungen (l-20g) wird da
von ausgegangen, da8 zunachst die TumorzeJ
len und erst spil.ter andcre K<lrperz.ellen durch 
Methotrexat beeinflu8t werden und es dadurch 
moglich ist, durch rechtzeitige Gabe des Anti
dots Citrovorum-Faktor die K6rperzellen vor 
der Zerstorung zu retten (sog. Citrovorum
Faktor-Rescue). 
Die antineoplastische Wirkung solch exzessiver 
Methotrexat-Gaben beruht darauf, da8 Metho
trexat in hobcr intrazellulirer Konzentration 
dann auch die fiir die Resistenzentwicklung ver
antwortliche niedrig affine Dihydrofolat-Re
duktase zu hemmen vennag. 

Zu den Purin-Analogen gehoren Mercaptopu
rin und Tioguanin, zu den Pyrimidin-Analogen 
Fluorouracil und Cytarabin. 

Mercaptopurin (6-Mercaptopurin, Puri-Ne
thol•) kann entweder alsAdenin-oder Hypoxan
thin-Analogon (Ersatz der NH:r des Adenins 
bzw. der OH-Gruppe des Hypoxantbios durch 
eine SH-Gruppe) aufgefa8t werden. Es wirkt aJs 
kompetitiver Hemmstoff bei der Purinbiosyn
these. Die intrazelluliire Wirlcform ist das 6-
Mercaptopurin-ribonucleotid. Durch die Hem
mung verschiedener Enzyme, u. a. der Adeny
losuccinat-Synthetase und der Phosphoribosyl
pyrophosphatamido-Transferase, werden die 
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684 Zytostatika 

11lh. 21-1. Wlchtlge lndltattonen und Nebenw!rlcungen von ZytostaUlca 

l,ytosiatlkum Hauptlndlkatlonen Generelle 

a) N-Lostderivate 

b} Ethylenlmfne 

l,ymphosarkome, lympha
tfsche u. lll)'8lolsd!e Leulc· 
ilmle, Hodgldn-Xranlchelt. 
solide Tumoren verschiede
ner Organe, bes. Ovarlal-, 
Mamma- u. Bronchial
karzfnom 

Nebeawlrltungen 

Prilllreaktionen: 
• Obelkeit, Erbrechen 
• Fleber 
• Friisteln oder ScbWitzen 
• Abgescblagenhelt 
• allgemeines Unwoblsein 

Stlll'UD8 der 
iibnlich wie N-Lostdarlvate, Hiimatopoase: 

-------------+-R_e_tfn_o_b_lasto __ m _____ --1 • Animlls 
c} Alkylsulronaie • Granulozytopenie 

Busult'an Leukimie • Lymphopenie 
_Troo_sulf&n ____ -+-Ovarl--al-tumo--re-n-----1 • lbrombop&Dle 

d) Nitrosobarnstoff· lilmllch wle N-Lostderlvate, lmmunsuppression 
derivate Himtumoren {Lom\ISiln}, . 

Melanoma, mallgne Lym· Stllrung der Regeneration 
phome (Carmustln), Prosta· des lntestfnalepiihels: 
takarzinom (Bstramustin) • aregeneratorisc:ha ----------+------------t Enteropathie 

e} Cisplatln solids Tumoren verscbie- e Stomatltfs 
Carboplatill dener Organe e Enterltitla 

e ProkUUS 
• Malabsorptlon 

0 Oacarbazin Melanoma, Sarkome, Lym- Starung des Haarwachs-
phome tunia 

--------+------------1 StOl'Wlf der Spennatoge-
g) Procarbazin Lymphome nese Ul1d Pollikelreit\mg 

b) Mitomycln 

I) D&cilnomycin 

D Anthraeycllne 
Daunorubicln 
Aclaruhicln 
ldarublcln 

Domrublcin 
Bplrnblcln 

k) Amsacrln 

I) Mitoxantron 

m) Mediotrexat 

solide Tumoren verscbie
dener Organe 

Rhabdomyosarkom. 
Wllms-Tumor, 
Chorionepitheliom u. a. 

Leuklmie 

Leuklmle, mallgne Lym
phoma, sollde Tumoren 
wrschtedener Organe 

lymphatlsche u. myelolsche 
Leulcimle 

Leulcimle, mallgne 4'm· 
phome, Mammabrzinom 

lymphatische u. my&loische 
Leulcimle, Chorlonepithe
Uom, sollde Tumoren ver
schiedener Organe, Myeo
sls t'ungoldes, Psoriasis, 
Non-Hodgkin-Lymphoma 

{Ovulation) 

StiJrung des Bmbryonal· 
und Petalwachstuma 

HyperurikAmle 

Spezlelle 
Nebenwlrkungen 

lokale Unwr1riglichblt 
Sdiidlgung der ableltenden 
Hamwege laDe) 
psydilsdie Stfirungen (lrosfa.mid), 
Her%Dlustelsc:hwichen 
(Cyclophosphamid), 
Gynikomaslle (l!stramustfn) 

psydlische S10nmgen, 
Brythrodennie 

Leberschlden 

Funktlonsstilrungen des ZNS, 
der Niere u. der Leber, 
Lungenflbrose 

lm!Y8rsibl& Nierenschliden, 
Herz-Krelslaut- u. Hlektrolyt· 
stoflWechselsti)nmgen, periphe
re Neuropathlen, Homirlust. 
Sehstilrungen 

LebervenenverschluB, :.grippe
lihnlichB« Beschwerden, lokale 
Un'l8l'trigll.chkelt. Venenreizung 

psycblsche Stfirungen, MAO· 
Hemmung. Alkobolunwrtrilg
llchkelt, irnMlrsibJe InfertiJftit 

Leber-, Nieren-, Lungenschiden 

lokale Gewebs8chiden 

Kardlomyopathle: Arrythmie. 
Herzversagen, glykosid· 
refralttire Myokardlnsufflztenz 
{Letalltit SO'Jl.I) 

Punktionsstarungen von ZNS, 
Herz u. Leber, Augenschidf.. 
gungen 

Leber- u. Nierenfllnktlons· 
starungen. Lungenfunktions
stilrungen. Osteoporose 
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VITAMIN B12 AS A POSSIBLE ADJUNCT IN PREVENTION OF 
METKOTR.EXATE HEPATOTOXICITY 

Anthony J. Barnk, ~arriet c. Beckenhauer and Dean J, Tuma 

LivP.r Study Unit, Ve~erana Administration Hospital 
and the DepartmP.nt of IntP.rnal M~dictnA and 

Bi.oduuniatry, University of NAbrask.a Medical Center 
Omaha, NE. 68105 U.S.A. 

Abstract 

It has been Astablished by several invP.atigators that hepatic 
bP.tainP. levels reflect whether or not a lipotrope deficiP.ncy atatP. 
exists in thfl P..xpP.rimP..ntal animal. 

Sine~ methotrexatP. through its antagonism of folate 
metabolism in the organism may in turn interfer@ with onP. carbon 
mP.tabolism, the possibility exists that methotrexate 
hepatotox1city may be due to a drug-imposed lipotrope deficiency. 

Several studies are revi~wto.d in which the ef fee ts of 
lllAthotrP.xate administration on levAls of hepatic betaine were 
measurP.d in rats. It was observed that animals rP.ceiving di.P.tary 
vitamin B12 were protected against a 111,f!thot~exate-induced loWP-ring 
of hep a tic be tainA • Thf'! liVf~ rs of thoep, animals on a vitamin B

12 deficient diet, however, showed a marked reduct~on in th~s 
important mp,thylating agent when administer~.d methotrexate. Since 
betaine is a reflection of lipotrope deficiency, the use of 
vi tam in :B

1 2 as a mP-ans of protecting against methotrexa tP. 
hepatotoxic!l:"ty is considered. 

019 

It is well known that methot:rexate (MTX), a folate antagonist used 
in cancer chemothf'rapy and psoriasis, inhibits the enzyme dihydrofo1ate 
reductasP.. This inhibition reduces the amount of tetrahydrofolatP. coenzymP..s 
(1) available for purine synthP.eis. and. in turn, reduces nucleic acid 
format:ton 1.n the body hencP. n=1stricting rapidly growing tissue. A common 
practice in trP..ating neoplastic diseasP. has been to administer 
c.i. trovorum-factor along with the Ml'X in ordP.r to "rescue" thfl normal cells 
from the deletP-rious ef fP.cts of inhibited folate metabolism. Since tumor 
c.e11s arP. more vulnf\rable than normal c.ells to t.he lack of nuclt'!iC acid 
synthP-sis, the ci trovorum factor furnishes needed folate coe1nzymP.s and he1ps 
rescue normal cells in the wake of th~ methotrexatP. effects. 

If the tetrahydrofclate coenzym~ pool of the body is depleted by thf! 
action of MrX, it is entirely feasible tbat thie may impair certain vi. t:al 
me-chyl transfer reactions in the liver. For example, this may i.nhibit: t:he 

N5_methyltetrahydrofolatP.-homocystAin~ methyltransft'\rasr. tnvolve.d in the 
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140 A. J. Barak et al. 

formation of lipo tropic subJJ'tances such as mf!thionine, S-adenosylmethionine 
{SAM) and choline. Since thesA substances are the major lipotropic compounds 
in the body, a serious dP.ficiency could lead to fatty metamorphos:fs :in the 
liver and the liver damage seen with the use of MTX. 

Several workP.rs have attempted to approach this question by conducting 
11 protRctive" experiments with choline and other lipotropes when administP.ring 
MTX to humans and ani.mals. Weinstein and Frei (2) havP. suggestf'd that 
concomitan't administration of choline with methotr.exate may prevent 
MTX-T:elatP.d hepatotoxicity in humans. Freeman-Narrod et al. (3) adm:ini stared 
Ml'X a.lone and in com.bination with varying amounts of choline to rats. ThA 
rats receiving the com.bjned treatment showed significantly lower lev~ls of 
triglyceride. in thP-:l.r l:l.v.=1rs than did those given MTX .alonP. and thP. prote.ctivP. 
effect of the chol1nP. on thP. liver appear~d to be dosP. relatf'd. 

A past study in this laboratory (4), using the rat as the ""xpP-rirnental 
model, has lent support to the findings of the. abovP. authors. This work 
tested the effect of :t-rrx on hepatic fatty infiltrati.on ( a me.asure. of liver 
injury) in rat:s fe.d a l:ipotrope-deficient diet an.d tht" f"f.fect of MTX on 
s:fmil.a rly fed animals when the diet was individually supplf'!mented with the 
lipotropes IDP-thioninP. and choline. It was found that trigJyc~ride. and 
cholesterol esters were elevated in thP. rats fed the basal di.et and that this 
ac.cumula tion was potentiatP..d i.n animals rP.cPiving MTX. In animal.s whoa£ .. diP.ts 
wer~ supplP.mented with choline or methi.onine, however, the drug did not affP.ct 
the. hepatic levels of triglycP.ride and chole.sterol P.stP.ra. Thes~ results 
indicated that MTX may interfere with the formation of choline and ltl.P.thioninP. 
but doP.s not interfere wi 'th the lipotropic action of preformP.d cholin'1'\ and 
me.thi.onine. Since choline and methioninP. are products of one-carbon 
metabolism beyond the involvment of MTX with folate, thP.se results support the 
case £or suppl.einentati.on wi.th lipotropic .agents during MTX administrati.on. 

Both cholin~ and methionine are lipotropic substancP.s by virtuP. of their 
contribution to phosphatidyJ.chol.i11e synthesis which is involved in proper 
cellular membrane function and structure (5). Methionine makes its 
contribution in this rAspect by its conversion to SAM which plays a vital rola 
in sequential phospholipid methylation to produce essP.ntial 
phospbatidy1choline. The contribution of choline takes place in two differRnt 
ways. One, through convP.rsion to phospha.tidylcholine in the. Kennedy pathway 
(6) and secondly, via the oxidative pathway for choline which forms betaine. 
Betal.ne is tht:m utilized by betain~-homocysteine mf!thyltransferase to 
methylate homocysteine in an alternate pathway to form methionine and hence. 
SAM. 

5 According to FinkP.l.stei.n and Mat'tin (7), the reac.ti on mE>.diated by 
N -methyltP.trahydrofol.ate-homocyste.ine mAthyltransf~rase and the reaction 
utilizing batainP. through thP. tnP.dium of betaine-homocysteinP. lllE':thyltransferase 
:i.r~ of equal importance in methionine syntheaia and in promoting methylat:ion 
in th~ liver. OncP. thought to fulfill a very minor function in th~ organism, 
betainA is now felt to play a very active and important role as a tnethylating 
subs tancA and therapeutic age.nt (8, 9). Some workers feel that the he.pa tic 
be.t.aine level is a good index of a choline deficiency in the liver. Wong and 
Thompson (10), Barak and Tuma (11), and Martin and Finkelst~in (l.2) havP. all 
shown a marked reduction in hepatic betaine levP.ls in animals fed diets 
deficient in choline. 

Since it was felt that hPpa tic bataine. levels reflectP.d the cholinA 
deficiency state of the anima1~ several studies (13-15) warA conducted in this 
laboratory to determinP. the effect of MTX ad111inl.s1:rat:ion on hP.patic betainP. 
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1evals in the rat. In this work, rats were divided into pairs and pair-fed 
with each of three different kinds of widely used control diets. These were 
the control diet of lsE'.ri et al. (16), the control diet of French {17) and 
Purina rat chow. respectively. The experimental animals in each pai.r WRre 
injP.cted daily and intraperitoneally with O.lmg MTX/kgm body weight. Control 
animals were injected daily with saline. Rats fed the Iseri control diet 
showed no changes iD hepatic betaine when treated with MTX for 10 days. Rats 
fed the Purina rat chow showed no changes in l.iver betaine in 30 days on thP. 
drug. However, rats fed the French control. diet demonstrated a highly 
significant lowering of betaine in their livers with MTX treatment for 10 
days. 

The results summarized above posed the strong question of why MTX should 
produce a choline (bRtaine) deficiP.ncy state (10-12) when rats were fed t:hP. 
FrP.nch control diP.t but not when fed the IsP.ri control diet or the Purina rat 
chow in thP. times described. On close study, it was dP.t~rmined that thA major 
difference between the th-ree dtP.ta used, other than the fat, was the vitamin 
B12 content. The French control diet, P.ither as originally described or as 
supplien commP.rcially, is devoid of vitamin B12 • 

To determine whether the absence of dietary vitamin B
12 

was respons:lblP. 
for the. lowering of hepatic betaine in the livers of rats receiving MTX. a 
furthAr study (18) was conducted in this laboratory. Rats were divided into 
pairs. One group of paired rats was fed on the French cholinP. d~fic1P-nt diftt 
to which ha.cl been added choline at thA level of 0.4 g per lOOg of di.e.t and 
vitamin B12 at the level of 2.2 µg per lOOg of d1.et. A second group of 
paired ra't'.s was fed the same diet from. which the B12 had been eJ.iminat:ed. 
Control animals of each pair in both groups wert'! pai.f-ff\d to thP. consumption 
of the experimental animals in each group which were treated with MIX for 10 
days. On sacrifice, it was shown that hepatic ~taine was not reduced by thP. 
MTX 1n an:fmals receiving the dietary B12 , however. the hepatic betaine was 
'Ularkedly lowered in those animals r~ceiv~ Ml'X with no s

12
• 

At present the reason for the sparing effect of vttamin Bl for hepatic 
bets.in~ is not clear. One would P.xpect that hepatic ~tai.na wou a be depletP.d 
by MTX even when dietary B is furnished. This should occur through the 
:Lnhib1.t1on of the fo1ate contfibution to m~thiontne biosynthesis wi.th 1:he pool 
size of bAtaine becoming lowered through the action of be1:aine-homocysteine 
methy1transferase as a compensatory mechanism to maintai.n essP..ntial 
methionine, This did not happen, however, and only with the lack of :sl.

2
, a 

coenzyme for N-methyltP.trahydrofolate-homocysteine methyltraneferase., was thR 
bet:a1.ne depleted. 

It is feas~le that thP. di~tary presence of H 2 may maintain or stinlulatP. 
the action of N -met:hyltetrahydrofo1ate-homocysteltfe methylt:ransferase in the 
.face of the MTX to prAserve hepa. tic bPtain~ or act in acme unknown mannP.r to 
~ne~ease betaine production through cholioe oxidaee. Whatever the function of 
the B , the fact that this vitamiD preventE"..d a condition of hypomethylation 
from 1~ccu-rr1.ng in the expP-rimental animal may prove to have practical 
applies. tion in the prevention of livP.r injury du-ring MTX che-.motherapy in 
humans. 
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l.NFLUENC E OF .ME'l'fIY'LCOBALAMIN ON TJIE 

ANTINEOPLASTIC .AG'l'1Vl1"Y OF METHO'l'REXATE 

020 

!'. O. A.-•enyan. :N, v. Uy1uilllhoheva, 
z. P. So.f 1 lna, M. o. Rau•henbakh. 

UDO 616,2'1? .S.015 • .2' 615.356 :~'17. 
15Z, 6ll'.13a 

I. P. Rudakova, E. G. Cha.u1er."a 
&Dd A. M. Yurkevtoh 

Olli!! ot the po•sllJte WJY• of IJ10t'.a•tnr the aeleotivtty ot the action ot chemothera,peutlo eu.bttan.oea on 
tumor oeU. 111 tbe combined \IH or preparation•, taldtag the pooulia.rttles of tb~ tnecbailtam of thel~ aotloA lnto 
aOCO'UD.t. A new trt'tlld f.D. tht1 tleld ta the uae ot oobalamln derlvattvos In oomblnat!ott wt.th de.finlto amuwo ... 
plAltto Pt~1oM. . 

The •Puol:arl 11111\ifloonce ir.itmMA)'loobalcunln wu llrlSt notod lD. the cue of lrapftlrecl oobftlamln metal>~ 
0U1m In l•n1k.ernJa P•tf.entt. Al1 analyata o! the lunotional aot1"1ty 0£ cobal&tnbl ooeo.zrm.ei• m th• otpJW!n:s, 
f.D oompaa1~ 'With tho •fteotlvon•H of oombln~ oytc11statLo therapy, baa shQ-wn that the olJ.iUcal. OOUl'M ()f tho 
p:ooa• Ill 11.aute 10\l.k•mla wt.th II.El. tnoHued aontent of hydl'O'Q" .. and motbyloobn.lnmlU ill tho blood 111 lea• 
favorable [11. The roaulta obtal.Dod wetu evldmc111 ot tho lmt'ortant role of metbyloohll.amLD. IA metabollo 
pN>o.111H aa a coouymo ol mothtot.l.W .l)'Dthetaao {EO a.1.1.1a)-a key link .ui l:ht O<ltltrol of tho 111\0ht'om&ed 
acUOD ot Mbala.li'lJna ln oompow:Kla of folto &0td .1n prooe.aH• of ae1U pxoUlel'atlon [lM2), 

A nud,y at tl11.t .morphollmcuou.d ai.te of l:bia lu~.mol>bietlo e.r•tam ol anlmola unde.:i OOJ:ldltlons .of hltetm.ve 
~&IJtl~ mlilt&boll•m in th• ol'IPUU•m 1JOntlr:mvd the la.ot that at a. hl;l\ ooMwntlon or oobalo.mtn aof:IQBJ'l"H, 
t.bo ,_..ta of lll"Oltt.x·attQA ot oen. ot tho bemopoletl~ ~lH\Ut fnorear.:ias. ln the apleeN ot health;)>- m.1<10, 1n tbe 
oue 0£ prulon1oct w:lmlntatrf.1.1.c:in ct m.ethyloobatamtn.. b.yporpla ala of tli• lymphold ~J..et:itoat•• -. !ttoreuo ·IA the 
number ol ONA .. 1yat.hutstq 04Jlb1, ll.lld an worouo In their mitotic lo<lox War• .uo~d. Tbft• tablUt)' of tho 
paiiGda or thtl mltotJo. ayol.e of 1p.laon lympllo~I UL tb.a p:re:1HD.OQ Qf an lnOl'OUe IA th• 11116 or the piolUerAtt.vo 

TABLJ!l 1. al.m.ula~'Di EU.at• ot M'.t*b,)'l• 
c.tObcllmln oo. the Qrowth ol. '.t'taQisp!Mtable 
Tumofl of l\Jlco 

129.0 
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TABLE .2. Results of Oomblne<l Aotlon of Mettxvluobalamln ancl Meth.otrexate 011the OrQWthofCa .. 11n. (BOF1) ·------ ""' __ ...... .,,_ .. _ ....... ----~-·--·· .... ---..... ·~-~···---·~ ,,_....,,,. ...... ..-~ .... _,_ ... ___ .. ..._.... 

Prepa.ratlons Dose ol prepa.raU.on 

ln.hlbl.tion o( tumor 
g.i:owtb• alter courn of 
adnllmttra"1:Jn Of pr6P .. 
IU'a.ti.Olll• 'Of ooti.U:Ol ___ __. 

18t-2nd 7-ath 
da.yt ·--~t --

----------4---~~----·------i----a-w ___ ... ~.,,,. 

11413tb.Ot:l'axate 
Methylcobalamin 
:M:etbylcobalanlin 

"" 
m.etnotl"eJWa 

Metbyloobalamin 
+· 

methotreme 

J.O JDtr/kl 
10tJg/q 
10µg/kg 

10 lllg/kg (sfmultanoouol;r) 
10 ~s/ke 

10 µg /kg (mtathotrexate wu a.cl-
xn.i11h11tatecl s h nltel' .methyl-
oobal.arntn) 

~ ~l 

+180 i' 66 

9, 78 

+ne +82 

lno'ftlft•• bl 
tuettmo of 
u.Jrnala, 1.t 

19t 
0 

•Average ~esults of fi'v"e series of e:xpertments. 
tpert<>d after transplantation of twnol'. 
tp > o.05J In all X'emainnlg onsea P < o.ot>, Ill the oaao o! combined ln!lueno.,, the rt'RUltu ubblU\f!d wttru 
evtllu~ relative to m~otr~e. 

pool made lt poamble to oonolucl$ that the intenatrlod. prollla-ution ol homopoSo\lc cell• Wlf.htt Uni•• con~ 
dlttons is due to an tncreMe tn the numbol' of c•Us enter1n1 the m'ltotlo oyole [!l ... lil. J\lrthet .. rhn•rlall. 
tnvesttpttons revealed th• aotlve r-ola of methyloobAJJuni.11 not only In proaeal'JU at -pro1U'111rm100 at coU. ot 
the bemopoletio ttasue. An auJoroua tnfhlenoe ol'l prollteratlve a.ot1Vlty (an tnorelPO to. tb~ frad.1on of cfi1ll 
labeled With fHJtbymldlo.e and an fnort1asei tn. th11 mltotlo f.llcle:ic) baa also boen det:ocxlllcl ln var.'lw• portOO. ot 
Olllturlog' ot ambxyonto hu.man flb:roblo.st• in Jnedil. wtth a. htg.b, rnethylooball.-adl\ coaocmttatloa ra .. 1;. 

D1 View of the .taot tha.t UQtm.al cells of adalt alllmals, emb:cyomo and tumor c:e1U. dlffor ln Ul<'lr l&bt.Uty 
to reapond to the tnduotug lnflut.Q.oe ot oobalam!n.tlt it wu t145ooaaary to evaluate the aottoa ot rn~leob!Wuntn 
on processes o! growth ol val'lous typu ol tumor•. 

'l'ha ktlmulattnw; tnnuence of oynnooobl\.\a.l:nm on the powth a.ud t\wetopmt.tn.t. ur oo'rtnU.l. f.ranwpt»=llh"' 
(sarcoma 451 Gu.el"CA oarcilloina; Walker os.rotncu1araom~ aazocnna.1Bo. "Lewt• an.tooma., utu.J • ~QO(f 
tuwors ts 81/ldantly due to lta oonva:tslm to oobalamln aoenzymee In the aotmal orPAt•rn. M~lcobfW&mln 
and adeJlosyloobn'.laJllln have be(ql deceoted ln 'J)1'an ooU. o! mtoe with Lt\ Leuk&mla, u woll a.u ·Ln 1"'1.koml• 
L ... UllO and. .Ebrlioh'a asottea clU'otnoma. oells te-10). 

Tt>e llggrego.taof cllnicQ-experlm.&nte.ldatathuadetel'minod tht i\d~nbtUty ot the ••icm fo~ ~Utouldvo 
tUltagontsb of cobalnmf.ne !or t.ha blooklng- ol oe>.ta.in colmlA.tn:(xa .. depondmt trc<aottaaa. Iil "rln ot tho •ottvilt:t.nit 
influence <>.C me~li.ylOobab\ml.11 o.o. niethlooine ayntbotue and the tu.are111a 1n tbo total pool of t.lA"al'!Jtdt"ClftlUc 
a01.d ('!'fr.FA) in the oeUs, regardless 0£ the. lo.late roducwe ayartem, tlto JHntnt auttntton br alt.rJ&otild by 
antagoni8t11 of mothyioobalamtn [11-13], 1n our in'Vllletf.rn;tlotU u•tntr .mf.ltl\ylcobcal&mm ~~l»t• w lowor tlu1 
methlo.11tne syntbeta11e aotlVt.ty, we succeeded In 1lowtDB down th~ provo1unw of growth or bta.oc" 11"' l M&I *'m •· 
bryonto oells, as well M oertatn type" ot tumor11 [6, 141. lt waa alao ahown that tM Mtln.oop.bu1Uu a~1v1ty nt 
methotrexate - aapeetflc lnhtblto:r of !o11\t& roduotaae - tncreueawhen tt ht Ultm In ao.mhlnat1nn with rnrJtbi~o 
syntbetase tnhlbttore [14]. 

In AddiUon, thoro ts atlll nnothor poaalhillty Of enh.enotng tl\a antittoapluttc nctlVSty ot mcithot.rr.«ate 
wlth cobalamtna. Tho prerequtalto for this mean.a of oo.mbtn~ tn.nuenGel with metbc1tr••hl wa.a ~rhumtAl 
data. ahowlng the e.bilf.ty o! aobalaxntna to Bttmulate prooe.HH ol proll!eratlan ~ to U:J.uruM tbu number of 
DWA-synthestzing cells, most seti.sttlve to meth4~rexnte, In the popula1:ton (IG,. 4). 

The l)re1ent C<>mmunloatlon presents the results ot thn oomblnod. aotlOA of mothyloobalam.tn and m~~ 
tre:imte on 'l1a.rlC"1111 t:rroiaplantllbl'li "turnox-s 1n anbnU.. 

1:100 
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'I 

EXPERIMENT.AL 

Tha wcpolimC10t.1 Wti.re OOCJdu.otod on mloe of the c11,.nr., CBA. and :JlALB/c lines, the hybrids, BDFL .. 
(C11BL)( OBA~), F1 {C91BL x CHAJ and SUK mloe, obtatn.ed fram tlle nursery of the Aoo.demy ol Med1oal 
So!encet u! the; USS.ti., In the t«periman.Ca we uaed 420 mtoe, wetgbJng .20- 25 8"· 

Th<0 aottan ot melJli)'loobalamin wu lltUdled on aoUd tu.moX"&: mtenooarol.Xloma. of tl\111 mammary tJW:id 
(C .... 71USJ, oan0111r ot the oemx (llShM-5), adouooarc.lllOm.a ot the Jnte$tl.ne (AKA'lU.t.), 11Lrooma 37, a.a w~ll 
aa oa lettlmmia IJ .. 1210, aaoord!lll to the ptooeadU1'G waed In the labo.mtory fl8, U}, 

MCJth,yloubalamln (C::U,Cbl), 1ynt.heatzed aaoord1n1 tc tho method of [1'1], was lnjooted lntramuaaula.J.']¥ 
ta. doH• ot lo and csoo 1or/kr tw1GO at as .. b tntenlll.8 or ooo µ.g/ltl da.:lb' for flve days. 

Melhotreocaw (from Ledul.e) waa u11ed ln a doae of 10 mg/klr tntraperttoncally twt.oe at a 90-h J.Q.tarval. 

Ill p&r:t o.! tb.• ~mea.ta~ m&tbytoobala.n:ttn ob.loropalladnte (CffsObl• PdCJt; l) and dlbro111tde ... -4a-(([[[(1 .. 
mmbylpyrtdlno .. fi-am1AOJphq-1Jn.mlnoJoarbollylJPbeo,ylJ&mldOJ-'8-amt.no ... 1 ... motbylqu1DOllne (NSC-l763:t.91 
II), wbioh w111 ~eel trom tb• NatloD&l aanoex- Jnstltut(J ol th" U.lllted State• a.ooordln1 to the program ot 
coopomuon but.WHn th• tJSl!ll\ &Did the ·us In th• tleld of chemotherapy at tuntor• [18], wt1r1:1 used u :asetb1Dn11:aa 
ty.Dtb~ Ulhlbltor1. 

Co111PleJc .r. M)'JStbelffi&Gld at th• AU ... uiaton VUamlA Solenttllo lle.tearoh l'.D'"11ute (19), wa1 ftdinUUltered 
iiorol'Pll,y hi• do•• ol llJO mtr/kra tb• qulol:JUWwn dari'Vat.l\l'e n wu admt.nlsterGd li1traperltouoally tn a doHi 
of G mf/q twtae U a 96-h. ~to1:"1'&1. 

Tbw U'UIUm«mt ol thti Wm.all wa. ~ 48. h aftor l;t4MPJata.tl011 Of the tumor. The ant1a.111<1plA1tlo 
elfcaot waui oattt.inatod dJ:reotJ.y att.r Uw ecd ol the coureo of therapy mdat various pex1oda over the llub•ec:tU•at 
ltt• ot the aritm&ll. 

'l'b• -crtterta or affeottvoo••• wel."o tbll po.roent h1l1tb1L1<>n ot tumor growth, oalou.l.t¢.ed aooardbi,lf ta lt• 
valu.me, Uld t.he fJlct'11aN '11 the lUotime ot the anlmllw. Tho dAta. obtained wero e\\bJectecl t<') awUst.1.Citl tr:oat
trucl AOOQ~ to tho studea.t mtthod. 

RESlJL1'8 AND DXSOU8910N 

From the data tbaC w• obt.alned u follow• tbl\C m~leobfJ.am~ S\lbll'tuc.ta.lq .-ttmul.atMI the growth ot 
~ tumcmu ca ... '118, AKATOL. and to a lC1111or degree l\SbM-n aod •a:rcoma 37 ("l."Ab.1'! 1). 

T'h8 tn.temi."t;y at twnor powth dapcmdod on tho line ot e¥Parlm-.I anhuu, the frequllJOoy o.t. 1\.Cl.mtlltltrl. .. 
ttoa,, ud lb• 00Clt1t11Dtntlo11 of m.t11.YtoObal&mtJ4 'l'b.o r.raatnt irUm"bttl.q atleot oa growth -Of the tunio:r ca ... 'TH 
wu ~ ln tlw aasa of two ldm.lil!8h.'atiana ot th• p~~tton tn a dose ot 10 l'I /kfl alter t.ra.upllmtl.tloo of 
tu tulllor Into the b;Vbrtd8 Blll'1 (+180%), Nld to A lHHl" degrff !or mice ot the W.l'e 11.rle CftBL (+761}, 111 
Ft b,,Ybriu. a ~al LllteDalfto.atloo of :tumor rNWtb wu datooted ln tha caa.e of ftvo adm.lDJ.at.ra:tl.OU of 
m~tA ln a. don of eoo µ1 /kc- 'J.'ho lltlalulatioa. or the rrcwth 1>I ca.-?&8 ud AKA'roL wu loUowed . 
.ror • petrtod ot nvo to tlu'ae wub, whateU IA mtco WI.th .UOO.tJ\.ll !37 and llSh.M-8, ft wu noted oal,y d:l.~eotl,y 
.nor th• .ond ol U. ooun1 of udmlul11tntto11 ol the pre.pau'attaa.. ln mtoe 0£ the pi.re llJl8 (01i&L>, tJstenaUltd 
tumor trroM.b n• obltcn:v.CS toio a. lorlgar pt:riod (1-:l weeu alter ttiansplan'tatloo ot tho Q.u:nor) t.bU fl\ b;Jb:r.1da. 
JFor 'Prt.Qet,y t'bt• reu~ In •b.t1~ ~vHUptlooa nt t.be a.otl.ol\o-f motb:yl.oollataln~ lU1d it• ll\&lcp ~tho 
aell ldr.Ultio• o.t Qa ... '1DG, w• uHd lnlO. t)f tba Osr:&L lino,. 

IA th• o.M tit st~\19 ~t.ntmAt.1011 or motbotr~ and ~10t1batamsn. an 1.ptautftalttoa ot 
th.tr t.nhtblt.tq a.a:~ M \\\~'C growth wu abHned (L ... l.2101 o ... 780, IU:r:h.14 .. &J. 'l'he utetlma .ot aa1m1J11 
wUh leu.kamta t-1210 WU lL\OX'NHd by '18'.\ tn 1hla 0tLHi wtun:ou Ul tho cue ol lltOl.ated admlo1etrni100. or 
mothotrnat. the ln-OrNJr.e wu oaJy .5911, The MOit rapid rualU Ylel"ll obtl.lJ.l.ed for adcmoouola.om.a o£ 11-
m&iomU)' sh-ad t'l"!lbl• 2). .ID thts caao tJwr combtutlon Of mmtbot.raxato Wltb. mot.hylocib~ ll).Cl.1:'6Med the 
Uf..cltl'• ol t'M .auJmal• by ~&1', wbloh wu tbree Um•• u acrllll.1 u tb.e oUoot ot motbotl'e.xll.ta ~. On th6 
8th to l<fth di.ya a.Hor the .ad QI tlul caomblnad oom"Be ot the.:rapy wtth m~loobalanil.tl ae:ul tnet:bo~, th~ 
tnb1b1Uon of tumotr ll"Q'Mh wu ?.CS-40%1 zwpootJveq, wherw• motb.oU~ alone bad ptt.ottoa.Uy au ~vu, 
l&t the ... C*ftOdl (01..0f>), 

ft l.w: ~ ·t.hl.t u •Olid tumor• UTOW. Che m.unbcar ot aeU. Lo. tho H~tna'»JUl.U lD them lMrea.n• w!J .. 
.rtut&a.~. a&1d tba IMIJUit.trit)' ol tho twnora to oyololl]>Oolt:lo p.r.paratlo119 dea:ru.taa 11.ppHOlllbly [lOl. J.:'ftdenU;r 
tbo 18Qllttlvtq ut Ut~Haamor to me.thotruuo om ho "'bltaO.~ lncruaed by adrnlnistertna meth)rloObala.ntlal, 

l~HH 
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:Fig. i l!'tr. 2 

Ftg. 1. Combtn.ed actton of meth1'lo0baJJLmtn and mllll:hob'exate m 
growth of RShX ... 5. Alo.o.g ,x .. axf8; ~.rtod after adm·fDfStnilM of 
preoaril.tton (iD days)1 $.long ·y ... axl11 avoi:ap valUP:le ot tumo.- (in 
mml). The urows -tn.dloate the ttxne of a.d.m1Df.1tn.tiol) of the prop .. 
a.ri:.tt.ou. l) 0~11 $\) metb.otrente; S) lt\6~ lOGbalam<n + 
methotrexate. 

l!'tg. 2. OombfAed actl<* of m.etb:rlcobalamla., .metld.o.n.l.ua ayntbot.u• 
inbibltora, and methotnxate CA growth of Oa-7151S. AlMI x"uta: 
Pf!lrlod• after adllltnistratlon of prepu&U.ot>.1 (ill da,ya); aSoar 1-
Mls1 :n.verage volume of tumor (in mll'lu). 1) cmtrolt .I) m«bo
tNXBtes 3) OfleObl +NSO .. 178319 + CJJ aCbl • PdOJe + mothotrcw.toJ 
4) NSC-176319 +OiftCbl • J?dC\ +tnetbotrma\te, 

whioh tnoreaBes the tC>tal pool of DNA .. ayntheaiz'ini oells. "1'0 t.91t tbiB hypo\mnd.11 we Wlfd ~t&Atablo mttwJC!. 
oa.noor of the oemz (9.ShM-6), 'l'h1s tu:mor ii clUm\otenud by 1Jow growth. Wbloh m"c• lt PQHtbla to 
adndntster a long~:c ocnu:ae of the:ta.py and to eval.uate the aattneoplutl-o sffetot tn loae-t.srm perlod11 aht1t' 

transpla.ntatlon. The e:xpe:rimeP.tal :reaulta oonlir:med. ou:r bfpothell.1. Tho v.nn:aga Yolwtuit ~ Ch• tumor- lA th• 
oontxvl group ol a.ulinals oa the llth dq aftel' ~lan.tatl.Oll at .BBbJ,{ ... 5 exoMdlld tho mttl-.1 wl:unu11, whao 
treatment of the antinals w11s bsgun (7th day after tn.aaplMtaUon), by s.2-rold. fn ant.mala that r•at1Sv4!od on1" 
metbotrtnCAte, the VQlwne qf the b.J.J:nOl' a.t the llUUll periods WU tJtorea.ald 3,S. ... fakl, nDd tn UllCt OU• o.f Joint 
admmtst.r:atton wf.th xnathfl<lobalamtn_ there waa onliY 11. 1.1 .... rokl tnoroa.aa. Bepea:ted aolX!btl\l1d 11dm1.Al•tntlms 
of the preparations (ea.ob lour days) led to an bW.tbttlon Of twnor ll'OWth .IA lolllrar corm port.ad.a WI \Velll. "ttl.sY. 
on the 17th day atte:r ti'an5plantmlon, l;b«t $l.Ver&IG volume ottllO tUlXlonr In tho OOG'rol ~ -~ tlMt nr(g· 
In.al \'ol1m10 by !32. 7 -fold, ID tho group ot animals tr&atod wta1 ~llR:hot:reetlb bf 12,? .. told, 11.Qd tn tho #l'OUP or 
mice thnt rooelved :metb.yl~ and mflthotre:xaie by '1.G·fold (Flr. iJ~ 

The tnte::i:val between &dmW.sb:a.tlOA at meeb;yloobalam1.n aDd mfttho~ la air Yltlll l~~ Aa .. 
cording to the data obtained, wt.th tncru.1111.ng ttmo b.twetla a.c:t.mtn.letrat:IO&UJ at the pre~ioD#, a putt.al nr 
total. lo.ss of tiottvity of m~atr~ l• ootad; Md to 01rtatn ct'LSel cwea the ~tmCllt al M eftftlet ~ .U..-oula·· 
ttoo. (sea Tabla 2). Thus, .for example, the lohlbltl0l1. ot growth of oa ... 755 on tbilt 7th day rd'tar the lll1t1 of tr1*Cm· 
ment with. methotr~:xate we.a 693. .And yet, when metbyloobalun'ln wa. pnll~ly achQ1J:1h1tond (6 h. billtor-e 
tbe use of methotl.'exat&)J a. total loss o! aotf.vlty O.C >ri.etb.oC:rfJ!Xll.te waa obamrved. 'l'bo WH~ ot Ulll amt -
neoplutf.o act:l'rity ot m.etbotr~te ts uspeolal\Y pronounced fA tho hybrid• .BOF't~ M was ehowll 4 pt111'1118ty 
ln mlae of thla llne, m~loobahuni.I\ u.ctu.o~ the grento.~ eth:oWAUOA or f;\mlor rrowtb. ID P't hybrld• with 
the abl!lenoe o1 a. etbt1"lati.ng e!teot, in the Pftl.ltb o.f Us isolated ua'"• tho CO-l'J)lllned l.nt1uur1£10 dtd POt 1ead to an;r 
weakening o! the m~tr~t• acttvtty. .All .appreahll>le deoHM'1 ·m Ule ~iutto 11.cMvttf or m~tlliat.ruat• 
alter prellmtna.ry ad.mlnl..,tJ:a.tl~ ot m~loobW.a.mln !I• 11'/Vlden.t~ <l\\U to aatlva.tton of tJw OQbt\.~Sn~doP4*kim. 
methionine syuthetase sy8f:em and nn moreruse bl tho total poo1 or tho 'l'OY /\. or Uw o·ell11. Tb.\• tu oonflrm«l by 
the resulta of the oombtneid aetion ot met'hotrexata and tnbtbiton Gt mflltblon.ir.l.e ayntl:uwtA.D• •p.talrt " bllolqfrnUnd 
of pr$l1m1nar-lly n.d-m1nlatored mothylooblllAil'lln (Ft,_ 2), Tho Joi.at tJllluer&oe oI m«i~lcobAlamla. chloropd
ladato, the quinoltnium dc1'1vatlve, and methotr.exnte IUbatant.iall,y e.xcee:la the Aativtty of Ill '10aribluatloa of th• 
sa.m~ prepuatto~ wlth rnetJJ.Ylo®Q.lamln. Th.us, the tnhfbltao.11 ol growth o.f Oa.-161f on th.• Heh dQ llft•r Uw 
encl ot the~py ol m1ae tba.t reoolvud motbotraxnto Md OOl1\plG)llaa n awl l wu H%. wb.oroq U\ t.btt °"'" ol 
oomblnad lnfiuenoa of the three U:1hibltora with rnetbylaobatamtn \t wan 01ll;y &1%. 'l"he lnuNUe in t.btt l:Uetime 
of the animal.a tn th~ groups waa 30% (V < 0.03) BD<l l~'h (P > o.Olli>t reape<Jtlvel,y. 
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Tb.us, ta. 0\11;' lnvest.tsatlolla tho atimu.latiJ.11 a.oitoa 0£ methyl.Dobal.amin on the ({rowth. of oortaln. aoUd 
tumore to .mlot> was dumonlltratod for the !lrst Ume. 'l'he rosult9 of OUT tnvestlgatlona pe:i.·mtt an mcpls.natton 
of tl\e decrt'laae ll\ tho therl\pouttc ettoct o! a. number of ILlkyla.ttng pi:eparatl.ona (sarooJ.ysl.n, thto'.t'E:J)A, ombltoli 
and novembltol) 111 the cue of eholr al:multaneoua uso With cyanocabulamtn (21·23 J. The stimultttl11igettectof 
n1uthylooba.lamtn on 80lid tumora :la ol~a.rly ~rrolatod with recOltl: inveatlgnttowi. ln which a. signU1011nt tn
Cll.·ouae tn th<~ methyluobalamtn ooa.tc:uit in tho rat Uvo1• was revealed Qftar tho 1ld1nlnl8trat1on. oC 11. C'.be.tnlcal 
carolnogen. aw:l t». Qo1'1:alll t>:an»plantablc Morris hepato:maa [24). l't 1e 1.mpol'W:l.t to note \:bat the fr<tq\\GIS.<Jf 
of dov~lopm.-mt or hemoblutosea of mtce and of the 11bnult1U1eoua tnn.uea.ce of methyloobftla.mtn wltb. endor· 
cmou• blutumr>pn~ 11110 lncroue1 algnUlaantly !26}. The aaregattl of the lndloa.tod oxpe'l'lme11ta.1 d11to. 
thel'eby oon.tLrma the lnvolvomout ol meth,ylooblllaml.n ln pi:oeosees of prollferat.1on of ii.unor oeUH o! va.riow. 
hilltoa't.t1U$bl. 

111 dieOUN-ing tho m0<1b.anlem ot the oombtnod action of metbyloobalamtn with methotr~te, 11\ OU\' 

opbl!OD.i we should OC>.DB!der two poalib-le upeota. In vtcw ol th.a faot that oobdam.fmt pro.mote the entry ol 
tho buta tranaport !<)rm oC folio aold (rnetb¥1 ... 'l'HFA) Into cells, and thetels aoommon pathway cf A.Oti?o 
t.ranaport ot rrurthyl-'I'UP'A 11.Ud .mothot~ta t.ato oella [.H, 27)1 lt oAn be aalllU'Jlad tbat :md:hyloobalalllla Aleo 
lntlu.eo.oe1 the tr.!lllJrpOrt ot metbotrexatc. At present; th.era o:re no data In thei lU:eramre on th• .iiechanl.Hzl 
or the poootratton ot motbotrtJalte mto ca .. ?GO oeU.. fl'owevor1 Mder our:" oondlttont of lrl.£1uenoe, a.ta 
phyalt>logloal loval ot ~l .. TilFA ln the blDod of the anltnala and tM thet'apeu.ttc oono1u1tratlub ~met.ho .. 
tl'tXllllUt, eVfdeotl,y thl!I possiblUty ol lAo!lltatod penetrntloa ot the J.Atf;e.r into~ twnor cells la r~aliatto. 

VUalJ.y lmportallt faotor.u ln the oomb.lnod ID!luimcu ar• actlva.tlon of t;he methl<>lline aynthotue rt1aoti'l0 
and an lnonRH ln tho number 0£ DNA-ayntb.a•lztag tumor oella, l.e,, those moat s~.natttve to nurtJiotraq.te, 
under tl\11 ltlllutma. or me:teylcobC!lamlA. 'rbta maJ play u deoldlnr role IA th~ tn.oreue ln the anttnaopl.utto. 
aot.lvlty ol mal.Mtraqte wbea It l• admllllsterud cihnuttaa.eawily with motbylaobalamEn. The data that. wa ob
t.llll18d at Pl'HC!lllt on lb•~ ot tbtt oell ldl:l.otlo• of Ca-71Ui tmder tho tnnuenoe or rnethyloobalmntn oonru-m 
tht• premt.M. 
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DERIVATIVES OF ARY~SULli'ONIC .AOIDS. 

SYN'.l"HESIS AND HYPOGLYCIEMIO AO'I'Wl'l'Y OF 

4-.ALKoXY~ENZEN.ESULFONYLCA.RDAMIDES AND 

4-ALKOXYBENZENl!lSULFONt'LnllOSE:MICAl.UlAZXDES 

M. A. Kald.rlk7a.n, V. A. Geboya.n, 
A. A. Aroyan,• N. o. Stepanyan. 
and Zh. M. Dutlatyan 

l:D o~er to f$nd a. lhtk boi:\11een the ohem10l\l str\l~e and tbe ~J'.WOoJntO a.ctlYi~ O[ 4-al.l<o~C1'
su1fonio aatcls f.1J, we bti.vo prapared some alkolqb81Uleneaulfonrloarbamlde• I Uid sul.toa.\Ylthloumhmd>u1dc1Jt 
II. 

Com-pounds I and n dtlfoi: trom tboae synthealzad oa.rller [21 '1l tbat they~ llO. ~l lWll.ell 
so tbat the e!feot o.f th1.s gJ:oup on tho hypogl,yoaniio aotlvtty oan bo dlrt1n•m1Aod. 

One o.f the moet so.it.able and convenient mel:bods ot 1ynt?teat.1!og I CSJ ta bf tho roaot.ton ot th.e etl\yl 
eate:rs of 4- al ka.vbenzeineauUony lcarbam lo aolda with a1kolli)lbaDylaminee 1 

ROOeo1"'lHOOOCiu, + 111111'»1-i Ocm .__ / 
The ethyl iJ: ... fllkoX$benzenewUoo;vloaxba.ma.toa wei:e pl'Clpued by Wtllll 4 .. ~GllJW:nlchtl 

with ethyl ohlorooarbonate tn tbo pneenoe ol. dr;ypotuh I<I:). 'L'h• '-~yltunlM• 1¥'91'9 Q'fthoelsod by 
the oondensatlOP of ~yl chlort.dH With potu~hun phthallmtde Wlth .wub11oqunm hydZ"Olf.!Jl• of tho 
alkoxybenzylphthalbntde,e [$). 

Btxuoti.trGs of tlle 4-alkoxybe~eaeauUonylolU'bamtdeatwei:o OOQtf.nood by J'ft spcioi.l'O~I t1w f101 
group gtves :rise to absot'ptton b«P.ds at 11'10 and 1:110, 1180 lllACI 1335, 11sn ud 1MG om .. t, ud th• auiaaol11.'ltld 
NR g.i.-oup glvea cb.a.t'llotertatlo bt&ttda 11.t 3240·3380 em"'l. 

1'he suUonylthtosemioarba.zldos ll were preparod by haatfnlr , ... n1.1we;ybC1.HUaault~lb~th'lt.ddea (tl Md 
4-alkoxybenzenetsothiooyanate.a [6J !01• two hi 

KOQSOi.NHllllt + SOMCltlt 001( ·--1 

ln them 9peatra. of ·th$ lll.ttex-, tho c •S group absorb• at 1866, 1180. IWd 91& om .. 1. the ao, ll'OUP al 
1160and13SO om-1. and 1171!1and1~0 cm-1, and the NH: lfl'OUP a.t 3160, 31115, awl 38'10 QUi .. t. 

lflDeceaaed. 

X. L. Miiasf10yan.1ii8tll\ite of1'liie tirsiiilo"Cliimfiti17.!rewm~ -fninstifen !i<omlaibn~m'itii'V:-~ 
ticheekii Zhurnal, Vol. l2, No. 10, pi:i. ·is4"S"I• Ootoh&J", 19?8. Ol'tgtn111J A.Ptlchr aubmtt.ted .?a.riun4')' 13, 10'1.fl. 
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672. 
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.YA I( G 16-006-092.9: 616.!277 .3 

f{, S. M$1CHU(EBA, 3. Ii. CO<l'bMHA, 
(), /J,. fOJIEHKO, ct>, r. APCEH~H 

Kmnumo·9KcnepHMeHTaJlb~lble ncCJie.u.oaamrn n-0Ktl· 
.aam1, ttTo 011.aa Hs Ko1pcpMemoa BllTaMmra B12-· 
MeTHJlKOoaJiaMHn n onpeJJ.eJteHHhlX ycJlOB1rnx npo· 
:ffJ3JIHeT CBQikrna, xapaKTepHble JJ.JIH MO,!{HcjJHII,lfPY· 
JOU\HX cpaI<ropoa Kauuepore11e.aa [1}. B t1acniocTH, 
KaHJJ;eporemra» a1<nrnHOCTb HCKOTOphlX MeTaooJIH• 
Toa TpunToqiaHa H THpoamu, BKJUOtiaff napa-oKCTI· 
.tf>enHJJMOJJOlJHYIO IUJCJIO'ry, D opraHll3Me xnmOTIIb!X 
B03pacTaCT npn O.lt'EIOBpeMenuoM aBeJJ.emnr c 1<06aJI. 
.aM1monbIM rcocI>epMeHToM. Bos11.cfkcrnMe MeTJIJJI<O· 
<iaJiaMlma IIpHBO.IJ.HT K 31Ia~UlTeJibHOM:Y c0Kpau:r.e-
1UUQ JH1TeHTHoro rrepMoaa npl'f nosm-urnonemn1 HR
JJ.Y~HpoaaHH:bIX reMOOJiaCT030B H • cyrnecTBeHHO 
noBJ>ImaeT traCTOTY ax pasBBflTHfl [2-4]. MeTHJ!KO

.()aJiaMHII OKasNeaeT Taroi'e cTHMYJJHpyzom.ee Aeit
C'l'BHe Ha pocT nepeaueaeMbIX orryxoneil: [5]. BYCO· 
Kast 6HOJIOrHqecKaSI aKTHRHOCTb MeTHJII<ot.iaJiaMHHa 
B OCHOBHOM ooycJIOBJ18Ha ero pOJlhIO KOcj>epMeHTR 
MeTHOHBHCiiffTCTa3b1 (K.ct>.2.1.1.13), KOliTpOJIHpym. 
lll;eil B l{Jl8Tl<aX MJ1eKOfiHTa1om.Hx MeTa6o.nM3M c{>o-

;.'JKCOEP11MEHTAAbHAJI OHKonor11sr, 1982, '· Joj2 $ 
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Bcecor.oarn.tlt OJfKOJ!Ontttec!OC!t 
11/JY'iHhlA ~Cl:ITp AMH CCCP, Mocxna 

IloC'eytltt.na 
13.04 198J r . 

0pOTHBOOnyxo.neaag 3q>tl>eRTHBHOCTla 
MerorpeKCBTI npH ero KOM6HHHpOBBHHOM 
npHMeHeHHN c Ko6anaMHHOBblMH 
npoH3BOAHWMH 

Jca'l'a (6, 7J. 3anepwa1om.1dt sTan 15nocuHTeaa M.e· 
TIIOimHa cocTaem1eT r.naam:.dl nycKoJJoA MexaHHSM 
UH.KJla $OJiaTSaBHCHMhlX peaKUBI! B npo~ecce pocTa 
I<JICTOl< npH o6pasonamrn nypHJIOB H IlllpaMHfl;llHOD 
[8) (pucyHOK). 

HopMaJibHblj'.( 6a.n:auc Mexc.ny cno60JJ.HOt'i TeTpa· 
rH~po<t>omrenofl I<Hc.110TOH (Tf<I>K) H ee o.l(aoyrJie· 
PO..lllJCTblMH rrpOH3BO)UIIiIMR saBJICHT OT HHTeHCHB· 
HOCTM CHHTesa nypJ!ROB H RHPHM:H.11.HHOB, a TBK>Ke 
ElKTHJ3IIOCTFJ Me'l'HOJHIHCHIITeTaaJ:.1 H Alfrti)J.poipo.naT· 
pe,nyKTaa1>1. TipK yse.1rn:qeHHH KoitueuTpaurrn MeTKO· 
mrna ao.apacTaeT arcTmnrocTh <flopMllJI·Tfct>K.zu1rHJ(
poreaaa1>I. C noMOlll;hIO sroro sneoa e KnerKax pery
JIHpyeTcn ue TOJioKO o6MeH qw.naroe, ao H caMo:A ue· 
aaMeHHMO~ 8MHHOKHCJIOTbl. flOCJie,.!l.Hee He00X.O)l.HMO 
.u.m1 npe.n..ocranJiemu1 a)J.s1rnarHoro KOJIHtiecT:aa Me· 
THOHHHa A,1151 CHHTesa IIOJIKaMHHOll H 5e.nKa [8]. fly:. 
TeM o6paTHOro TOpMo>KeHH.fl MenmeH-Trci>K pe,!l)'K• 
TSShI MenioHHli KompollHpyeT T8I\>Ke COAepxtaHHe 
MeTHJI-Tf<I>K. BlllcolOIA ypo~ea& rroCJieJ(Heil: CKK· 
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UuKJt c1>om1ellol\ K1Jc.110Tu H conpsrnceimm nponeccoa 6noc1111-
1e3a Me1'HO?!Hlf4, nypaHOD H nnpl'!Mll)IHlfOD: 
1 - 11ollaJ18MHHJ8Dl!CllMH llllTllOllllKCllRTCTBall, , _ ce11nnoirc1111eTHJ1-
TP•U1cij1&paaa, 3 - 'ntMJtAllJIO'l'tBfl'feTa31l, 4-AJl1'JIApod>o.1u1TJ>eii.?KTaas. 
5- Ml!Tl!Jlen-Tl"<l>IC pe,uKTa3a, 6 - M~t1111e11-Tr«PK. .ner11A1>orcuaaa, 
1- qiap.r.ru.11-Trrl>l{ ,11er111:tporceaaa. 

)KaeT at<THBHOCTb cepHHOKCHMe'l'H.llTpai:rccpepas11, 
Heo6XO)(HMOH .QJrn o6paaoeaHIISI MeTHJieit-Tf<l>I< a 
JlOCJl(!)J,YIOJ.l}.ero rpopMHponaam1 mtpllMH.IlHHOB CC>l3-
:r.1ecTHO c THMU.11.HJJarcru-rre-rasolt IlpH yqacTHH Me
TiiJieH-TfcI> K )terH;:cporeH33&l ocy.ur.ecTBJB£eTCH TaK
:m:e 06pasoaam1e 5, 10-MeTeHJM- M c)?opM1w-Tffl)K 
JI.JU[ CHiiTesa nypHHOI3. Il1>eapa~eHHe OCHOBHOlt 

tpanc.nopwolt ct>opMhl <fJoJmenoii KHCJJOT&T- MeTHJJ· 
Tf<PK. B tcolj>epMeHTbl (MeTMJTeH- H cpopMHJT·Tfct>.K.) 
JlHMllTHpye-r xo6aJta.MHH'.3aBHCHMafl MCTKOHHHCRHTe· 
'l'asa. Hapyrnerrn:e CHIITeaa ,[(HK B Kpoeetaopmu 
1<JieTKax tJeJcoaeKa B peayJI&Tate «Jiooywrrn M:eTHJI· 
Tf<I> K>, CHH>Ke1mfl 1rnnuempau.H11 cso60.1n10~ 
Tf<l>K H ee Ko¢epMeHTOB I1pn He,R.OCTaTOtIHOCTH BK4 

Tar.nma B12 nMTEepx<.ztaeT anarrHMOCTh B ~TOM apo
neccc Me1'MJ11t01'.ianaMH11a (9, 10}. B11tecTe c TeM ero 
DblCOKOe co.n:ep>rrnm:1e B CblBOpOTI<e KJJO!lH 6oJJbHhIX 
OCTpbIM JieirK030M HBJUleTC.ff, l10·DFl"J1JiMOMy, O.AHOf! 
na nplllIJUI nx MaJIOit tJynCTBHTeJlbJIOCTH K I<OM6R-
1mpoaaHH01i XHMHOTepnnmr 6naron.apsr pasoHTHio 
1<06aJJaMHitaaBHCHMoro caacaTeJJbHoro ny·rn a ony4 

XOJfGB:bJX 1CJieTKax [ 11]. 
l-JaUIH 9KCncpHMCHTaJihHblC .n;aIIHbIC 0 MOJ.I.Hqm

JlHpyIOilleM ,11.ef!CTBH!f I<06aJTaMHHOB Ha npou.eccbl 
pocra nepeBHB aeMhIX: a HH;r.ynupyeMblX onyxoJieli 
D opraliH3Me ll<.HBOTHblX o6ocHOBl\JIH peaJJbltylO 
B03MO)!{HOC'fb tICilOJlbSOBaHHK 1<06B.Jt£\:MHilOBhlX npo
JISBOJ.(HhIX /VHl' IlODbIWeJl!UI 3cpcpeKTKBilOCT.t-I XHMHO· 

Tepamrn. B )J.aUHblX ll.CCJieAOBFtHR~X OCliOl\HOe BHH· 
11rn1n1e y)leJmJIH auanHsy Ae:ikTDHsr Mermrno6aJI
aMHHa H era aHTarOHI:ICTOB Ila rrpOTHBOonyxoneBy10 
aKTHBHOCTb MCTOTpeKcaTa npu rrepeBHaaeM:bIX c6-
JJHD.Rb1X onyxoJrn:X :>KHBOTHillX. 

. MeH)\HKa ecCJ1eJJ.oaa1ntll Onti1Tbl npoue.a.ellhl na 42(} MlilJUax 
.11u1unt C57Bl/6, BALB/c, Ft. BDP (C57BIX)(BA/2). F, 
(C57BI X CBA), a TaKll<<I na 111wnax SHI<, nonyqeRHYX Ha 
nnTOM111uca AMI-I CCCP. HaMM trcno,llh30BaH!il c.ne.-yiomKe 
MOAe.IUt nepenH.B.aeMli!X c.6JIRJ1,UblX onyxOJJeJI: R..f{eliOKSPIUl.HOM8 
MO.no•u10A JK:MeSbl (Ca-755), paK meJIKlf MBTKH {PIUM-5), 
8,llC?IJOl<apl.UilfOMa 'l'OJICTOl'O 1mrue•JHHI<B (AI<ATOJI), paK ner· 
t<oro Jlht0Hc (f:.LC) H capc<oMa 37 (C-37). XH11t11orepana-rn· 
ttecrrne onr.tm n~oue~e!Ibl D coomeTCrBg» c paHee onyc5JmKo
'llaH.llOi CXeMo! l5J. B pasm:1x. eeplUlx nce31e.n.onaHo 'SlllllllUl~ 
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MeTIJJl!<06airar.nrna, l<OTOphlft BDO,ll,HJIJI BHYT?rrML!WeqHo Ka 3·Jr 
H 7 -e cyma noc.n:e nepeBliBi<R onyxoneil. a ,11.t1yx ero aHTe.rolln· 
CTOfl: XJJOPltllcjlTOp- II XJJOj)l!a,IJJISJJ;aTa Me'l'HJI!.:063JI3M'HKa, Dpe· 
napa-rbl noA"HJlH B :n.ose 260 w.r/Kr Macw e:.t<e,!!.ne"&Ro B Te'l.e· 
1me 5 c}'ToK, nepsblil - BHYTJJHMhlWe•um, a BTopoA - nepo4 
paJ!bUO. I<:o6a.iraM1fHODWe npo11SBOJJ;JtJJle 6b!JIH CRHTe3BPOBafClil 8' 
Ha}"IHO-DPOHllBO,ll,CTBeur101oC oO'be.1ume11HH «BHT8Mllllhl>. 11c
llOJlb30B~lil raK>Ke MeTl>Tperccar («Lederle;., CIIIA). PesyJlb• 
T!lTli AencTBWI npenapa.roe ua c6JI!i.1Ulble onyxo.n11 OII.e1Jaoao111t 
Henocpe.a.c:T?1eRHo •1epes 24 q noCJie 1cypca neqe1um s a OTAa
.11ett111i1e cpo1rn. i{pR.Tep11el4 s<jlt\Jet<.Ttil!HOC'I'~ npH lmlld cJ1yRG1..1nt 
npol(eHT CTHHYJIHURK H TOpMO}ICeHJm pocTa onyXOJIH, II bl'lllcnll-

tJo~Vk 
e&1l:de no ycnoa11oi.ry oli'beMy / --·-. 100 % ) , u yne.n){llerme-

04 
11'.POJl.OJC:!KfM'eJ!bffOCTI{ >tmamc X<HBOUibt:X. llpo.1m:cj>epaTHBn}'K> 
aKTHBHOCTb ouyxoneBbIX KJleTOK ICCCJle,ll;OBaJ!l5 c DOMOllll>IO Me· 
TOAa asropam..iorpal!lH11 c 3H·T1tMHJ1.1moM. · 

T Pesyn:&TaTb1 HccJte,n,oBaHHii 11 ax 06cyJK,11.eHne. 
~ CT8HOBJleHO CTHMyJrnpyIO~ee AeilCTBHe MCTJIJJK0-
6aJJaMHHa Ha pocT nepes:imaeMhlX c6.iu1,zu1Nx ony
.xo.'leA. Bne,n;e1rn:e MaJ1blx 11.os MeTHJIKooaJiaMHHa 
smrnHTeJI»Ho yc1cop11e1 pocT Ca-755 H AKATOn. 
He CTOJI.b Bblpa.iuezrnoe H 6onee KparrmnpeMeHHO~ 
CTHMYJJHpyIOHI,ee JI,eACTBHe MeTl-!:JIKOt'iaJiaMIUta Biit
.llBJieHO npM PillM-5 R C-37 (rac>Jr. 1). B MHHJJ
Ma.%uoA .lf.03C (0,01 Mr/Kr MaCChl) MeTIIJIK06aJia-· 
MHH yCHJJKBaJI poc'!' Ca-755 i-resHa-qMTeJibttO 11 Ha 
5-e cyTKH nocJie ero rmeAeHHSI o6'beM onyxonH 
npenHW8JI KOHTpOJlb JIHllib Ha 56 %. IlpH .D,ay .. 
Kpa'l"HOM BDe.ll,eHJrn MeTHJIK06aJiflMHHR (cyMMap
HUJ J.l03a 0,02 Mr/Kr) Ha 7-e cyr1rn pocTa onyxoJJII 
06'be1Yt ee yse.nHtzl·ll:laJIC7I a 2,3--2,8 pa3a no cpae
HCHHIO c KOliTpOJieM. B nocJ1e.n.y1oume 2-3 He}(c
m·I poCT onyxoJrn saMe.ll,Jl.HJTcsr. KaK noKaaaHo pa
Hee [ 12], cTenenb n npo}lomr<.HTe,'JhHOCTb cTHMY· 
JHIUIUI pocTa Ca.J55 D03paCT8JlH C yneJJIItJeHHCM 
Jl03bl BBOJl,Jn.fOrO MeTrvm:ol5aJiaMlllHl. H 3aHHCC!JIH o·r 
JTJIHHH MLJmerr. CneuHCjrnimocTb .itetkrnmr Menrn
Ko6amtMHHO 1-1a npau.eccr,r pacTa ocryxoJin rroJJ.
rncpJICJl.a1or pe3y.'IhTaT1>1 cpanmneJTbHOii 01\e1mu 
aKTHnuocru Anyx 1co6aJiaMHHOHbIX r<ocpep:..reu"Toa. 
Cornaciro II8WHM ,rv1mrr:.!M, n or.nwme OT MC· 
T'llJ1K06aJtaMtma aae.n.emm /KHDOTliblM llHlUlOfH\I

JlOH .ll03l:il 5-,n;eaoKcnaJleHoanmmCiaJraMHH; (I(. 
Cl). 5. 4. 99. 2) npar<TH11ec1m nc Mmwo na 

T a 6 .i1 u 1+ a I. B;uu11-111c AU .. 'TU.1t1Co6aAc1.11mt11 HO. pocr 
nepcBu8acM111~ onyxo,ieii. Mtlliuei1 

Ca-755 
AKATOJI 
PillM·5 

C-37 

Och.cw onyim.11111 % re KOllT• 
PORIO 

AcHa 11p~nap11Tn, ('.poKa noc.no 01ton11a1111n 
MrfRI" ll~Al:llml 111mmpuTn, CY'f:IUI 

0,01 
0,01 
0.01 
0,50 

1-2 7-1\ 

180 
126 
47 
57 

Ci5 
37 
0 
0 

I1 p 11 M e If a K He. Merr-r.r1xo6MaMHJJ nuo1111J111 ua 3-u H 7-e 
cytRH pOCTa onyxo.nu. Pcaymm1:n:ot C'l'D.'rHcTnqecKl-l .n.cc-roncp. 
llbl (P<0,05) IJO OT!IOWl!!HlflO X l<OHTpOJiro. 

3KCnEPHMElHAJJbHASI OHKonorHll, \~82, 4, NI! $ 
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pOCT ca.755. CTHMyJU1py1ow.ee ,11;eAcTBne MeTHJl
K06aJiaMRHa ua pocT onyxOJiel't onpe.it.emrno ne
necoo6paaHocTb acnonbaoBaHHff HeKoTophlx ero 
aH'l'aroHliCTOB ,!J,JIH TOpMOJKeHHS! J(OOaJiaMHH3aBHCH
Jl&IX peaxuuA B opraliHSMe )KHBOTHMX. B KatiecTae 
noTeHI.tH aJibH.hlX n poTHBoonyxmteBhlX coe.1umeaui1: 
HD.MH 6hlJJH llCCJie.l(oaam;i XJIOp,u.mpTopMe
THllK06aJiaMHH H XJJoprraJIJJa,H.aT MeTHJIIm6aJiaMHHa. 
9TH npoH3BOft.Hb!e M.eTHJIKOOaJiaMHHa TOpM03H· 
JIH B KYJibType 6JiaCTTpa1mpopMHpoBaHHblX 
JIHM<i>OU:HTOB KpOBH 'lleJIOBeKa IIOCTynJieHHe B KJJe
TMH DpeJ.t,wecweHHHKa KOC.laJiaMKHOBbIX Kocpep
MeHTOB H Hx 6HOCHHTea (131. Ha yKasaH'HbJX aHa
JIOI'OB MeTHJlKOOBJiaMaHa 6oJJbIIIYlO nponxaoony
XOJJCBYIO RKTHBJ:IOCTb npOHRHJI :X.1IopnaJIJia.n.aT 
MeTHJIIco6aJiaMana. B 3aBHCHMOCTH oT cxeMbl BBe
Ae1u:1H npenapu TOJ1MOSH1I pocT Ca-755, PMIII-5 
x LLC Ha 70-80 ¥0• Tipu auaJiorH'!HOM pe:>r.<KMe 
1me;J.emrn xJ10pJJ.mJ.n·opMeTRJIK06aJiaMHH He nposi:
BHJI Bhlpa.>KeHHoR aKTHBHOCTH, 1.!TO nop;1sep:m;:r.aJio 
HaWH Jr,aHHble, nony11cHHbie npn HCCJie,!I,OBtlHHH 
in vitro. Ilo-BH.l(HMOMy, .9TO o6ycJio:sJieHo npom:
xo,D.Hlll,HM TOpM0iKem1eM 6HOCHHTesa a,D,eU03HJJKO· 
6aJiaMHHa B onyxonen1:i1x KJieTKax. 

,ll.JIR o60CHOB8HBOro npHMeHeJUUI K06aJiaMMHOB 
B KOMt5HHHpOBaHHOil XHMHOTepanHH ocryxoJieH 
Ba>KHoe 3I·Ja11e1rne HMe.no HsylfeHHe paaJUl'llHblX ac
neK.roa HX ;:i;eitCTBHSJ Ra opraHH3M >JCHBOTHbfX c 
nep eBimaeMbIMH orryxomtMH. C sroft lleJlblO JJa 
MO)(eJJlf Ca-755, H8.H6oJiee lJYBCTBHTeJJI:rHOH 1{ HX 
B03)1.eftcTBHIO, Mhl RCCJJe)J.OBSJJH in vivo OCHOBHb1e 
nap a MeTpbI rrpo.1IHcpepaum1 KJieTOK, OHOCHUTea K0-
6aJiaMHHOBblX KOq>epMel!TOB II 8KTHBHOC'l'h KO(faJia· 
MHH3aBHCHMOI't MeTHOF!IIHCHHTCTa3bl 13 orcyxoJieBblX 
irneTxax. Cor.nacrm noJiy11eHHbIM paHee .11.aHHhlM, 
npR BBe.n.cmtH 1rn6aJiaM1111oaoro I<O{~epMe1rra npe
MR rerrnpau;HH (Tc) H era OT~eJlbHbIX nepHO)\OB 
( ts; tgsi; tg1 +tm) r<.JieTOR Ca-755 He HSMeHSieTc.st 

H COCTaBJIHeT COOTHeTcrne1mo 12, 6, 2, 4 q [8, 14]. 
IlptI B03JI.eikTI3HH MeTifJll{OOaJiaMHHa B onyxonH 
cyr.uecTse1rno yBeJU-tTJHnaeTc.5I KoJim1ecTao npoJIR· 
4>epHpy10UU1x 1rneToK. CJieJI.yeT orMeTH'l'h, tiTO 
l}lat<.'l'OP norepFI IUleTOI< B Ol1YXOJIH MCillH:MaJieH n 
B03paCT"1eT uecylll,eCTBermo npH BOS,l(eHCTBHH lC0-

6aJ1aMffUOB01'0 KoclJcpMeIITa. CtaTHCTu11ec1rn sHa
?JHMhIC pa3JIHtJ:IUI HH,H.eKca MC11eHHblX 81-I-1·HMH,l!J{• 
HOM KJJCToK OTMe1.1a101'Cji B Ca-755 Ml:ilweA 'lepes 
24 1.1 noCJie aneJJ;errnH MeTHJrno6ana.MHHa. B su:cno· 
uenu.1rnJibHOH cpa3e pocTa onyxoJiu npH eoa,ZI.el'l:cT· 
BHH MeTHolUCOOCIJIElM!Uia HHJJ;eKC Me"J'J<H yBemr•m· 
naeTcsi: s 1,4 pa3a no cpam.1em110 c KOHTpoJieM. 
AFrnnorH'LJ:Hble peay.n:hTaTrx noJiyttCHbl HBMH npH 
MHoroKpa'l'llOM DBeJI.eHHH aB·THMll)l.Hlla. BeJIHtt1rna 
HHJJ,etcca MeTKH B onyXOJIH npn B03)leikTBJUl 
MeTHJIKOOaJiaMHHa 6r.Mra cyiuecTBeIIHO BbIIDe KOHT· 
poJJff (66,9±2,1 % H 42,8± 1,3 % COOTEeTC'rBeH· 
no). 311ati:e1rne npom1¢epaTHBHOro rryJia, pacctJu
TaHaoe MeTO}lOM cpaBHeHHH Ra6JIIO)laeMOro H Q}KH• 
.D;aeMoro HH.l'.teKCOB MeTKH, TaK>l{e 6b!JIO 
aHaqHTeJibHO fJOBblIIIeHO IIpH BBe'Aemm MeTii.IJ:K0-

15aJI aMHHa. 
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HsBeCTHO, qTo n npo:uecce pocTa 60J1bWHHCT.Ba 
co.rIH~HblX onyxoneii xn1aoTHhlX nyJt nponucpepK
pyrom;ax KneroK yMeHblllaeTcsi:. B Ca-755 Ha 6--
14-e cyTKH pocTa KOJUJqecTBO MetteHhIX KJleTOR. 
IJOCJie O,ll",HOKpaTHOro BBe.ll,eHHSl 3H-THMHJ(HHa DO· 
creneHHO CHH:lK8eTC" c 28 AO 9 %. Dpa BOS'AeikT
BHM MeTHJIKo6aJiaMHlia B rrpouecce pocTa Ca-755 
TaIOKe aa6mo,naetc.a: yMeH1>IUeHlie HH.QeKca MeTKH. 
0,1ura1rn npH 9TOM nonhlureaHoe KOJUlqecTBo Meire
HhIX KJieTOK B onyxoJJH co.x.pansreTCfl H B Il03)1.HBX 
cTaAe:stx pocra. Ta:KHM oopasoM, npu nne.u.eHHH 
HeOOJlblllOt.t ,l{03bl MeTHJIK06aJJaMHHa Ha6JJIOP,aeTCH 
cy~ecTBeHHoe ysen:eqe1rn~ nyna npo.nH$epHpyio
m;Jf'lC RJieTOK, HaH6oJJee tIYJ3CTBHTe.Jl.bHbIX K HHrH6H
pyIOII{eMy )I.eilCTBHIO II.HKJIOCileilH<f.n1qecKHX Be
lll.eCTB. I1pH KCCJie)l.QBaBHSIX KHHeTHKH pocTa H 
npomupepaU.HH KJieTOK Ca-755 Mbt ou.eHHBRJIK 
TaK>Ke p;eACT1Uie XJJOprraJJJiaP.aTa MeTHJIKOOaJJUIH
Ra. Dpa ero BBeAeHHR .>KHBOTHDIM TOpMo>Kem1e
pocTa orryxoJieA OTMeqaeTC.II B paHHe~ SKCilOHelU'.lH
aJibl-lOii tj)ase. [ 15] , fl OKaSaTeJIH ny Jla npomnpepH

pyromHX KJJeToK B onyxoJIR 1repea 48 q nocJie nos~ 
AeHCTBH7.I XJIOpnaJIJJaJJ.ara MeTtll!K06aJtaMHHa yJKe· 
cymecTBeHHO He OTJIH'1alOTC51 OT HX: SHalieHHit B-
KOHTpone. · 

Co001rynuocTh no.BytreHRb!x eaNH .u;aHHbIX nos
BOJIHJia c<j>opMyJtHpOBaTb npHIIUHllHaJ!bHO HOBblfI. 
fiO)lXO,IJ, I( KOM6HHHpoBaHHOA X~lMHOTepamm ony
XOJie:A Ha OCHOBe HCllOJlb3oBatlUI.SI MO.D.mf>Hl.Ulpyro
JTJ;ero BJUUIHM KOl5aJiaMHHOB Ha JipoueccbI MX po
CT8. YtJHThl'.Bag CFmeprHSM AeHCTBHH COeAHHeitHA 
cpoJIHenott KHCJIOTbI H KO!Sa.naMHHOB B npou.eccax 
npomrcj>epau1m rcnerox, npep;,cTanJI5Inoc11 B0.3MO}I{· 

MutM cyw.ec'l'Benno noBblCHT& npanmoonyxMeny10. 
RKTHBHOCTb MeTorpeKcaTa. MDI HCCJie.nonaJIH aJih· 
TepHaTKBHbte nyTH nospacraHHSl 1Ip0'1'1·1B0011YXOJle
BO~ aKTHIHIOCTJl MeTOTpCKCaTa IlPH era ICOM6H-· 
nnponaHHOM'. npHMCHeHJUI c Itof5aJiaMJUIOBbtM.H. 

npOH3BO,ZUibIMH. IloB1JIU1eH1rn. us6HpaTeJI.bHOC'l'H ~eA
CTBHR MeTOTpet{CaTa yAanocb JJ.OCTHrHY'fb n. 
peayJJhTaTe yne.n1neJIH.R e 011yxo11H nyJia npomr
cpepnpymw.11x KJieTOK c IJOMOil.\brO MeTHJII<06a.na~ 
MIUla, 3HatJHTeJihHOe yae.nr·ItieHHe npOTHBOOnyXO
JieBO~ aICTHBBOCTH MeTOTpeI{CaTa Ha6nro,11.aJIOC.b 
rrpu cro coqeTaHHOM npHMeHeHirn c MeTHJIKo6aJia· 
MHHOM y xrnnoTHhlX c Ca-755, PIIIM-5 I! .net11m~ 
30M L 1210. ITpoTHSOOnyxo.neabtA: act><PeK'l' MCTO· 
Tpe.Kcna - crrel.(Hqmqec1<0ra uHrH6rrropa tUirHApO
cpoJtaT}le,IJ.yKTasbl'. aaMeTHO aoapacTaer rairn{e IIpR 
O.IJ.HOnpeMeJ-IHOM 6Jioimpoaamrn a onyxoJJenblX 
KJiern:ax MeTHOIIHHCMRTeTaSl:il c noMOW:bIO aH·raro~ 

HHc'fa MeTumco6a.1rnMHHa HJIH npoasao.nHoro x1-m:o
JIHHa l(eAHa (16, 17]. CJie;l\yeT OTMeTHTb, qTo 
npOTHBoonyxo.nesasr aKTHBHOCTh HCCJleAOBaHHI>IX 
RHTBrOH}(CTOB MeTHJIK06aJiaMlflif.l neanatJHTeJlbHa 
R HC o6ecrretumaeT AJIHTeJJbHOro TOpMo>KeHJIH po· 
cTa onyxo1m. 0Jl.Ra~o orpa1uitieBHe B KJieTKa::x: 
cnacaTeJII>Horo nyru o5pasoBaHHSI ·cpoJIBeBbIX I<O· 
cpepMeHTOB COS.l(aeT )J,OCTaTOqHblfi <f>OH )l;JUI yueJI:U· 
l'.JeHHH npoTMBoonyxoJreeoro )(el\cTBH.R :MerorpeK
ca rh (cM. pacyHOK). IlpR ero KOM6HHHPOBaJIHOM. 

3t 

Sandoz Inc. 
Exhibit 1002-00762 

Teva 
Exhibit 1002-00762

Teva – Fresenius 
Exhibit 1002-00762



Ta 6 ..i u q a 2. l(oJltlfu1WposaH.H.OO Betlcraue Merorpettcara, 
/CD54.f.aMUH08WX npoussodnblX u XllH.OJ1.u1ta Kefbla Ha pocr 
Cct·765 .Uhutled JUUtUU C!i7Bl 

Top11o>KMHe pecra l'eeJJB• 
onyxo.11R. % K JIOltT· qeall11 

po<110 nPOAD.11• 
lRB· 

n~pu 
.l~osa npe.. CpOKll nocne sBe;i;e- T&Jlb• 
napaTa, 111u1 npeoapara, cyTllB ucu~:rn 
Ml'/l<r :Jljfj;;Jf1( 

I 1-a l 14-lli 

llCRllOT• 

1-2 
HIJlX, % 
K !<ORT• 

pon10 

MeToTperi:caT co 75 44 18 0 
MeTO'I"peKCllT+ 

10+0.01 99 70 9• 19• + MeTM1co6anaMHI! 
MeTOTpe1<caT+ 
+ ltJIOplTaJtJlllJ.tliT 

10+250 l\fC1'11JJJ(068J18MHH8 98 88 0 
McTOTpeKcar+ 
+JCJJOpR8.1.!Jlll):tllT 
MefHJJK06aJIBMJma+ 10+ 
+ .XllllOJJHH I<eiina +250+6 100 96 85 30 

l"I pH Me q 1111 Me. Dp(mapa'l'l>l n110AHJIR »a 3·1! cyrKH pocu 
onyxo.rm; MCTOTpeKc:aT ri XlfHOJIHH f(elhra - aayrpul'lpro1mmno 
.nayxpaTHO c IU!TepuaJJOM 96 ir; XJIOPR8J!JJa~aT MeTHJIK06a.11a
Ml'llta - lt!l'l'll.KpaTBO c mntlpll8JIOM 2.4- 'I. ' p > (l ,(l5 

rrprrneHeHHH c XJIOpnaJJJJa,!taTOM MeTHJ!K06aJiaMR'· 
Ha TOpMo>Kenue pocTa Ca-755, PlliM-5, Al\ATOJI 
cyw.eCTneHHo aoapacTaeT H nposmmrere.11 n cpoI<H, 
KOr)l.a aKTHBHOCib O,!I,HOro MeroTpeKC&Ta npaKTH· 
tteeKtt OTcy'l'CTByeT (Tat5JI. 2). 

B MexaHDsMe CTMMYJJHPYJOIUero ,l\el'kTBHS: MerWI. 
1co6anaMHHa Ba}KHhJM nsnneTCH ero crroco6110CTb 
llH/J,,}'l.Ul.pona.Tb aI<THBHOCTb MeTKOHHHCHUTeTaShl B 
onyxoJJeBblX MeTKaJC. E>To npoiteMOHC'rpHpoBaHo 
paaee B KY.ll:l>TYPe KJJeTOK MJieI<OmITRIOllJ,HX H ony
XOJJCBl>JX Irnert<ax qe.noaecca. 0.Ae:aKo He nee 
nBJlhl ocryxoJZeOhIX XJleTOK MOrYT ocymeeTI!JJSITb 
in vitro cS.e:ocHHTes MeTHOHHHa, Heol5XOJlH1rtlilit 
~JUI HX pocTa [18]. B CMSH c STUM sac.ny
llCKB8IOT BlIHMamrn HalJJH St<cnep1rneHTUlliHble 
fl.SHHble 0 BospacraHHll axTHBHOCTH J.teTHOHH!-lCHH· 
reraa& B KJiew:ax Ca-755 npJI nse..14emu1 )KHBOT· 
H.blM MeTHJIK06a.1taMHfla ( 15]. Qqe1rn}J.HO, CHHli<C· 
l!He KOJIHtrecTBa XOJwcpepM:eHT8 npx B03,!1.eACTBliH 
.xnopltaJllia~aTa MeTMJ1K.OoaJJ8MHHa o6yCJIODJlello 
MeHblllHM nocT}'mie1rneM. n onyxoJienble KJieTKH 
aKTlfBliblX lfiopM Ko6aJiaMHHOD B Pe3YJibTaTe I<OH~ 
I<ypeHr.tHK sa TpaacnopTltfllA 6eno1<-Tpauc1co6a
JiaMmi II. Ramu sr<c11epHMeHTa.JJbHhle JJ.BHHJ:le 
noP.TBep}[{Jl.aroT, "ITO xaparcTepRoe Ha1corure1me 
onyxoJlblO II,uaa-Ca67 Ko6aJiaMHHa n sRcl10He1nwa
.1I&Koft: qiaae pocTa Ca· 755 Ii <j>opMHpoaatrne B 
KJie'l'Kax MetreHht:X Ko6aJiaMHKOB&lX KocpepMeRTOB 

peaKO CBBJI<aIOTCH nplC BBe)(eHHH XCHBOTHHM aHTa
TOHHCTa Me'l'H.lIK06a.n:aMHlla [19]. 

Yem1eHRe npoTHBoonyxo.n:eBot'l aKTBBHOCTH Me
'TOTP~KcaTa. -npa OAHOBpeMeHROM npHMeHeHHH c 
M:eTHlll<o6a..n:aMHEIOM, KaK Mbt noJCaraeM, :B SHa
'IJH'l'eJ!bUOA C.TeneHR aaBHCHT OT B09MO>KHOCTH TOP· 
MO>KeHKft'. CHHTesa ,[(HI\ B 60.lrhureA qaCTH nony
J!Slll;HH onyxoJieBblJt Knerol<. H ~OTB He HCKJ11q11e
no BJIJJJllllle l~H'tI'H.)llt06anaM11Ha lU\ C'.R.OpOCTb no-

CTYilJTemn1 MeToTpeKCaTa n onyxoneBI>Ie KJieTKB 
[ 17], BblHCHemre sToro Bonpoca TpeoyeT cneuaa· 
Jr&H.blX MCCJJe.u.oaaH.Hil:. B HacTOR~ee BpeMH MhI ·pac. 

llOJiaraeM HODblMH 9RcnepHMeHTaJibHblMH .ll.Ol:<a3a
TeJibCTBaMH llOBblWeHHH c llOMOIIJ,bIO MeTHJIKo6an· 
aMHHa IIPOTHBOonyxoJieBOil aKTHBllOCTB H .npyroro 
S-<Pasoaocne~HcpK'IHOro aHTHMentSoJtHTa - apa. 
6HHOSH.!!.UHT03l1Ha. 

N. V. M11astsfichcva, Z. P. S(Jffna, 
O. D. Golenko, F. (}. Arsenyan 

ANTITUMOU~ EFFICIENCY OF METHOTREXATE 
IN COMBINATION WITH COBALAMJNE DERIVATlVES 

Summary 

Improvement of the antitumour activlty of methotrexate Is 
suggested on the basis of modifying action of cobalamlne 
on processes of the tumour growth. The influence of methyJ. 
cobalam!ne and two of its analogues is shown on various 
experimental models: Ca-71)5, Ca ce1'Vi:t uteri and colon, 
LLC. sarcoma 37 of mice. 

Two alternative ways to increase the therapeutic efficiency 
of mcthotroxaie are analyzed with due regard for kinetic 
parameters of cell proliferation, of Cbl-coenzymes biosynthe
sls and activity of Cbl-dependent methionine syntbetase In 
the tumour. 

All-Union Cancer ~escarch Centre, 
Academy of Medical Sciences, USS~, Moscow 
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BcecoiosmA OHK0.11ore11ecK1dl 
uayqmdl: u,ell'Tp AMH CCCP, MocKBa 

MoneKymtpHitle MexaHM3Mb1 
peryn11"'Hl4 pocTa onyxoneA 

I10CTyn11.11a 
3.11 1981 r. 

T, M. MOP030BA, T. "'· MEPKY noBA, P. H. CAnr AHHIC Mono'IHOJ°i :acene3bl )CJporeHaMN 

tianecTICO, 'ITO 3CTporeHb1 n TKaH.llX-MHWeaflX (Mar· 
Ke, MOJioqaoA }!<eJ1e3e) aK1'HBHpy10r nponmpepa
U.H£O !mHTeJlli8JlbHbIX 'rKaHeA; 9TOMY npe~WeCTBY
~T HHJI.YKJ.J.HH CHHTeaa PHI( H 6MKOD·<l>eptti:eHTOB, 

06ccnet1HBaIOllUl:X nocn:e.rzy1ow.HR CUHTe3 .nHK H 
MHT03bI. Hepe,l\KO no~ KOHTpoJieM scrporeHOB Ba

XO)(HTC.fl TaK>Ke H pocr onyxonei-l MoJiotmoA :>1ce
.Jiesr,r (OM)l() .9I<cnepMMeHTaJJbJILIX JKHBOTilhlX H 
'lleJIOBet<a. B Ta1rnx 011yx.0J1~x. KaI< n n uop1>1.a1 

.JlbHUlX tKam1x, acrpaJI.HOJl CTHMYJJKpyeT CHHTea 
PHK, 6eJIKOB, .UHK :n aI<THBHpyer KJJeTot11me )l.C

JieJIHe. O.n.eaxo ttacrb onyxoJiefl n xo;w MaJJHrHH
aansH TepSieT CilOCOOHOCTb pearaponaTb Ha SCTpB· 
J(l{OJ!~ TaKHe onyxomc C'l'aUOlU!.TCff SCTpaJ.(MOJIHe
.aaDHCIU.ClllMH. 

HsyqeHHe MOJieKyJH!pHbTX MexamrsMOB B38HMO· 
.nei.\c'rnna acrpaAHOJia c I<J1eTKa:.rn onyxoncli no3-
no.rrneT Bbl51.CHHTb llpHqHHbl y·rpaTbl sanHCHM'.OCTK 

pocTa onyxoneii' OT .scrporerroB, t1To HMCeT ue T0-
.• 11bKo Teopereqecrrne 3na11e11uc, TaK 1rnK 11.JISJ onpe
,AeJtemur npaBHJlbHOfi TRKTHKH ne1:1emrn OOJlbHblX 
-c OM)!( H ,n:Jtsl 06ocrmna1rnoro upuMeuemm 9H)I.O
Kpnmroit TepanHH neo6XO/UiMO ycTflllOBHTb, 3aDH
CHT JIH pocr J.{8HHOA onyxoJIH OT scrporeHOB. B 
lf8CTOHmee BpeMH HCT 'AOCTaT01UIO UBlle)l(HbtX cno

.. co6oB JJ.HCKpHMmrnUHH ac-rporeuaanucKMblX H 

:3KCnEPHMlitlTAJlbHAJI OHKOnorHft, 1981. 4, N! s 

acTporenHeaaBHCHMblX OM)[(. Coa~aaae taKHX 
cnocot5oB B03MO>KHO Ha OCfJOBaRHH anamm MOJie- . 
xymrpubJ.X MexaHH3MOB AeiicTBIIH 9CTpa.l{HOJia Ha 
onyxoJJeBble MeTKM. Haweit aa.n.aiJeA 6i.mo Hsy
tte1rne BSaliMOJI,eikTBHSI SCTpR.IUIOJlll c 9CTporc-H
saBHCHMbIMH H acrpore1meaaaucHMbIMH onyxom1· 
MH, BblHCHezrne MexaHH3MOB napymeHHK ll ueM 
JlJI.sr roro, 11To6bl Ha 3To'1 ocnoBe pa3paOOTaT& 
Klm·rcpau OUeHKH SCT}>Ol'eH3BBFJClUlOC'I'H onyxoJ1eiL 

Ollbl'l'bl npono,U.HJIH ua OM){( MLin1eii nt.1co1co
par<onb1x JIHHHA DD n C3H H na 1rnJtyUHpoaMmblx 
7,12·..U.HMeTHJt6eHsaHTpaucuoM <.II.MBA) OM)K 
t<phlc JnutHH Sprague-Dawley. 06 scTporeHsum1-
cuMocm onyxoJieft cy}l.HnH no BmUmHIO rm nx pocT 
oeapH09KTOMHH )lOlBOTHblX K 1me.n.ctrHSI Hl\£ 3CTpa· 
,!l;HOJJa [ l]. 8cTporeH3QBHCHMbIMH C1IHTaJ!H 01ryxo
JIR, xorophte perpeccuponaJlH noeJte oaapH09KTO· 
MIU!. Bse.n:.e1me scTpa.11.11.0.na CTRMymtposano pocT 
aTHX onyxo.neA. Bb!JUI nhl,u.e.neubl scTporeaHc3an11-
cHMLie 011yxOJlH, ua poCT KOTOpbl.X 11e nnH.RJIH HH 
onapH03I<TOMHSI, JIH nne}.(e1rne scTpa.u,11011a. ,UJIH 
BblSICHCHHSJ npHtJ}Ul yrpam aanHCUMOCTJ{ pocTa 
onyxoneii OT scTpore11011 npe>ICJl.,C ecero nccneAO· 
Bam1 co,n.ep>KaHHe peu,eaTopon 9c1pa,!1.nona n KJ1e·r
Kax 9CTporeJI3aDHCliMblX H 9CTporeHHC3allHCMM.bIX 
onyx0Jtef1 {irnc. 1) , KO'l'Opoc onpeAcJrn.1rn no omt-
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616-006-092, 9:615,277.3 D21A 

Myasishcheva N.V., Sofyina Z.P., Golenko 0.0., Arnesyan F.G. 

Antitumor activity of methotrexate when used in combination with cobalamine 
derivatives 

Clinical and experimental studies have shown that one of the coenzymes of vitamin 812 -

methylcobalamine - has the qualities common for the modifying factors of oncogenesis under 

some conditions (1). In particular, the oncogenic activity of some metabolites of tryptophane and 

tyrosine, including para-oxy-phenyl-lactic acid, increases with the simultaneous administration of 

cobalamine coenzyme in the organism of animals. 

Methylcobalamine's effect leads to a significant reduction of the latent period in the development 

of induced hemoblastoses and increases the frequency of their progression (2-4]. 

Methylcobalamine also has a stimulating effect on the growth of subinoculated tumors (5]. The 

high biologic activity of methylcobalamine can be explained by its role as a coenzyme for 

methionine synthase (2.1.1.13), which controls folate metabolism in the cells of mammals [6, 7]. 

The final stage of methionine biosynthesis is the main starting mechanism in the cycle of folate

dependent reactions in cell proliferation during formation of purine and pyrimidine [8] (Picture). 

The normal balance between unbound tetrahydrofolic acid (THFA) and its single-carbon 

derivatives depends on the activity of purine and pyrimidine synthesis and also on the activity of 

methionine synthase and dihydrofolate-reductase. An increase in methionine concentration 

leads to an increase in formyl-THFA-dihydrogenase. This is the key regulating point not only for 

folate metabolism, but also for the metabolism of essential amino acid itself. The latter is 

necessary to allow an adequate methionine concentration for polyamine and protein synthesis 

[8]. Methionine also controls the concentration of methyl-TH FA by means of feedback inhibition 

of methylene-THFA reductase. The high level of the latter reduces the activity of 

serinoxymethyltransferase that is necessary for methylene-THFA formation and consequent 

formation of pyrimidines with thymidylate synthase. Methylene-THFA dehydrogenase is also 

essential for 5, 10-methenyl- and formyl-THFA formation for purine synthesis. Cobalamine

dependent methionine synthase limits the transformation of the main transport type of folic acid 

- methyl-THFA- to coenzymes (methylene- and formyl-THFA). The disturbance of DNA 
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synthesis in the hematopoietic cells of a human due to "methyl-THFA trap", decrease of free 

THFA and its concentration of coenzymes that lacks a sufficient amount of vitamin 812 confirm 

the importance of methylcobalamine in this process [9, 1 O]. In addition, its high concentration in 

the blood serum of the patients with acute leucosis is, probably, one of the reasons of low 

sensitivity of these patients to the combined chemotherapy due to the formation of cobalamine

dependent protection pathway in tumor cells (11]. 

Our experimental data on the modifying effect of cobalamines on the growth processes of 

subinoculated and induced tumors in animals proves the possibility for use of cobalamine 

derivatives to increase the effectiveness of chemotherapy. This data was mostly concerned with 

analysis of the effect of methylcobalamine and its antagonists on the antitumor activity of 

methotrexate in subinoculated solid tumors of animals. 

Research Method 

Experiments were carried out on 420 mice of the lines Cs7B~. BALB/c, F, BDF (Cs781XDBA/2), 

F3 (Cs1B1XCBA), and on mice SHK, delivered from the nursery of the Academy for Medical 

Sciences, USSR. We used the following types ofsubinoculated solid tumors: breast 

adenocarcinoma (Ca-755), cervical cancer (CC-5), large intestine adenocarcinoma (ACALI), 

Lewis lung cancer (LLC) and sarcoma 37 (C-37). Chemotherapeutic experiments were carried 

out according to the previously published protocol [5]. The effect of methylcobalamine that was 

administered intramuscularly 3 and 7 days after the subinoculation of the tumors as well as the 

effect of its 2 antagonists: chloridedifluoride- and methylcobalamine chloride palladate was 

evaluated. 250mg/kg (of body weight} of drugs were administered daily for 5 days, first -

intramuscularly, second - per os. Cobalamine derivatives were synthesized in the Scientific 

center "Vitamins". Methotrexate (company "Lederle", USA) was also used. The effect of the 

drugs on solid tumors was evaluated 24 hours after the treatment and later. The percentage of 

the tumor growth stimulation and reduction that were measured based on specific volume 

(
Vo -vk · 100%) 

vk and the increase in the life span of animals were chosen as criteria for 

effectiveness. The proliferative activity of the tumor cells was evaluated with autoradiography 

with H3 tymidine method. 
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Study Results and their discussion 

The stimulating effect of methylcobalamine on the growth of subinoculated solid tumors has 

been established. The administration of small doses of methylcobalamine significantly increases 

the proliferation of Ca-755 and ACALI. However, the effect of methylcobalamine on cervical 

cancer-5 and C.37 was not as expressed and more short-acting (Table 1 }. A minimal dose of 

methylcobalamine (0.01 mg/kg) insignificantly increased the proliferation in Ca-755, and on the 

5111 day after its administration, the tumor was only 56% bigger in size than that of the control 

group. If administered twice a day (0.02 mg/kg), methylcobalamine caused 2.3-2.8-fold increase 

in the tumor growth on the ]1h day in comparison with the control group. The proliferation slowed 

down in the following 2-3 weeks. As has been shown earlier [12], the level and length of the 

growth stimulation of Ca-755 increased with the increase of administered methylcobalamine and 

were dependent on the line of the mice. The specificity of the methylcobalamine effect on the 

proliferation processes of tumor confirms the comparative evaluation results of the effect of two 

cobalamine coenzymes. According to our data, unlike cobalamine, the administration of the 

same dose of 5-desoxypadenosilcobalamine did not alter the growth of Ca-755. The stimulating 

effect of methylcobalamine on the growth of tumor determined the practicability for the usage of 

some of its antagonists in order to reduce the activity of cobalamine-dependent reactions in the 

organism of animals. We investigated chloridedifluoridemethylcobalamine and 

methylcobalamine chloride palladate as potential antitumor compounds. These derivatives of 

methylcobalamine slowed the entry of precursors of cobalamine coenzymes and their 

biosynthesis in the culture of blast-transformed blood lymphocytes in human blood [13]. Out of 

the two derivatives mentioned above, methylcobalamine chloride palladate had a higher 

antitumor activity. Depending on the administration scheme, this drug showed a 70-80% 

reduction of the proliferation in Ca-755, CC-5 and LLC. Using the same method of 

administration, chloridedifluoridecobalamine did not show such a pronounced activity, which 

confirmed the data that we received from the in vitro studies. It can probably be explained by the 

suppression of adenosilcobalamine biosynthesis in the tumor cells. 

To use cobalamines in the combined tumor chemotherapy, it is important to study the different 

aspects of its action on the organisms of animals with subinoculated tumors. Therefore, we 

researched the main parameters of cellular proliferation, biosynthesis of cobalamine coenzymes 

and activity of cobalamine-dependent methionine synthase in vivo in the tumor cells of the mice 

with Ca-755, since they proved to be the most sensitive to the activity of cobalamine. According 
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to the data obtained earlier, the administration of cobalamine coenzyme does not change the 

generation time (Tc) and its separate periods (ts; t92; tg1+tm) of the cells Ca-755 and constitutes 

12, 6, 2, 4 hours correspondingly (8, 14). The amount of the proliferating cells in the tumor 

increases significantly with the activity of methylcobalamine. It should be noted that the factor of 

cellular loss in tumor is minimal and increases insignificantly under the effect of cobalamine 

coenzyme. A statistically important difference in the index of the cells marked with 3H-thymidine 

is noticed in Ca-755 of the mice 24 hours after the administration of methylcobalamine. The 

exponential phase of the tumor growth under the effect of methylcobalamine shows a 1 .4 times 

increase compared to the control group. Analogous results were seen in multiple administrations 

of 3H-thymidine. The index of the marker in the tumor under the effect of methylcobalamine was 

much higher than that in the control group (56.9+2.1 % and 42.8 ±1.3% correspondingly). The 

proliferating pool value that was calculated using the method of comparison of the observed and 

expected indexes of the marker, was also increased with the administration of 

methyl cabal amine. 

It is known that the pool of proliferating cells increases during the process of the growth of most 

solid tumors. Ca-755 registered a slow decline (28% to 9%} in the amount of the marked cells 

on the 6th -14th day after the single administration of 3H-tymidine. The effect of methylcobalamine 

on Ca-755 also shows the decrease of the marker index, but there is an increased number of 

the marker cells in the tumor even in the later stages of the proliferation. Thus, the 

administration of a small dose of methylcobalamine allows to increase the pool of the 

proliferating cells that are most sensitive to the inhibiting action of the cycle-specific substances. 

When evaluating the kinetics of the growth and proliferation of the Ca-755 cells, we also looked 

at the effect of methylcobalamine chloride palladate. Its administration to the animals resulted in 

a suppression of the tumor growth in the early exponential phase [15]. The index of the 

proliferating pool in the tumor did not vary from one in the control group 48 hours after the 

administration of methylcobalamine chloride palladate. 

Combining the data that we obtained allowed us to formulate a fundamentally new approach to 

the combined chemotherapy of tumors. The approach is based on the use of the modifying 

effect of cobalamines on tumor proliferation. Considering the synergy of the folic acid 

compounds and cobalamines in the proliferation of cells, it was possible to increase the 

antitumor effect of methotrexate. We have researched the alternative methods in order to 

increase the antitumor activity of methotrexate when combined with a cobalamine derivative. An 
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increase in the selective effect of methotrexate was obtained as a result of the increase in the 

proliferating pool by means of methylcobalamine. The antitumor effect of methotrexate was 

significantly increased when combined with methylcobalamine in animals with Ca-755, CC-5 

and leucosis L 1210. The antitumor effect of methotrexate - a specific inhibitor of dihydrofolate 

reductase significantly increases even with the simultaneous blockage of methionine synthase 

in tumor cells and with the help of an antagonist of methylcobalamine or a derivative of quinoline 

of Caine, used at the same time [16, 17}. It should be noted that the antitumor activity of the 

investigated antagonists of methylcobalamine is insignificant and does not provide a long-lasting 

effect of suppression of the tumor growth. However, limiting the protection pathway of folic 

coenzymes production creates an additional background that increases the antitumor effect of 

methotrexate {see the picture). Its combination with methylcobalamine chloride palladate 

increases the suppression of growth of Ca-755, CC-5, and ACALI and is seen when the activity 

of methotrexate alone diminishes (table 2). 

The most important moment in the mechanism of the stimulating action of methylcobalamine is 

its ability to induce the activity of methionine synthase in tumor cells. It has been demonstrated 

earlier in the culture of mammal cells and human tumor cells. However, not all types of tumor 

cells can perform in vitro methionine biosynthesis that is necessary for their growth [18]. That is 

the reason why our experimental data on the increase in the activity of methionine synthase in 

Ca-755 cells by the administration of methylcobalamine to animals is very important [15]. It 

seems that the reduction in the amount of holoenzyme under the effect of methylcobalamine 

chloride palladate can be explained by a smaller entry of active cobalamine in tumor cells due to 

the competition for transport protein - transcobe-lamin II. Our data confirms that when the 

animals were administered methylcobalamine antagonist, the accumulation of cyan-Co57-

cobalamine in the exponential stage of the growth in Ca-755 and the production of marked 

cobalamine enzymes in cells were significantly decreased [19]. 

The increase in the antitumor activity of methotrexate when used simultaneously with 

methylcobalamine, as we think, depends mostly on the ability to suppress DNA synthesis in the 

majority of tumor cell population. Though, the possibility of the effect of methylcobalamine on 

the speed of methotrexate entry in tumor cells [17] cannot be excluded, it needs additional 

research. Nowadays we have a new experimental proof of the increase of the antitumor activity 

of methylcobalamine and other S-phase-specific antimetabolite - arabinosid cytosine with the 

help of methylcobalamine. 
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Myasishcheva N.V, Sofina Z.P. 

0.0. Golenko, F.G. Arsenyan 

Figure on top of page 30. left-hand column 

Methionine 

Folic acid cycle and the biosynthesis of methionine, purine and pyrimidines. 

1 - cobalamine-dependent methionine synthase, 2- serinoxymethyltransferase, 3 - thymidylate 

synthase, 4 - dihydrofolatereductase, 5 - methylen-THFA reductase, 6 - methylen-THFA 

dehydrogenase, 7 -formyl-THFA dehydrogenase. 

6 

Sandoz Inc. 
Exhibit 1002-00770 

Teva 
Exhibit 1002-00770

Teva – Fresenius 
Exhibit 1002-00770



i 
: I 

Table 1 on the bottom of page 30. right-hand column 

Table 1, Effect of Methylcobalamine on the growth of subinoculated tumors in mice 

I Size of the tumor(% to control) 
I ------- - - -

Tumor Dose of the drug Time after the administration of the drug, days. 
-----~ --- --

1-2 17-8 

Ca-755 0.01 180 65 

ACALI 0.01 126 37 

CC-5 0.01 47 0 

C-37 0.5 57 0 

Notice: Methylcobalamine was administered on 3rd and ]1h day of the tumor growth. Results are 

statistically correct (Pless than 0.05} compared with control group. 
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Table 2 on the top of page 32. left-hand column 

Table 2, Combined effect of methotrexate, cobalamine derivatives and quinoline of Caine on the 

growth of Ca-755 of mice from C5781 line. 

Dr-u-g -------------~/ D-os-e-of th;fS~pp~~~sion of the tumor growth 

i drug ) {%to control group) 

'
I j lime after administration of the 

I 

: drug, days 

I I ~----·-·--- ----

I 
I 1-2 :1-8 14-15 

I I I 

i4 I 

~--- ------ - -----
10 J1s 18 Jo I 

1 Methotrexate 
! 

I 

119• I 

t--- -

110 : Methotrexate and 10+0.01 99 9* 

Methylcobalamine ' 
I 

i Increase in animal's I 

~ life span (% to , 

, control group) 
i 

I 
---j 

I -------
Methotrexate and 10+250 98 \ea --- 0 ! 

, Methylcobalamine 

I chloridepalladate i 
~ethotrexate and ---h--------~-~' ·--·-1 

10+250+5 100 
196 

85 30 

I Methylcobalamine 
I 
I 

I 
[ chloridepalladate and 

Quinoline of Caine 

Note: The drug was administered on the 3rc1 day of tumor growth; Methotrexate and quinoline of 

Caine was administered intraperitoneal twice with the 96 hour interval; Methylcobalamine 

chloridepalladate was administered 5 times with the 24 hour interval; p> 0.05. 
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v.a.1< s1e.211.a:571.1M.111 

3. n. CO<PhHHA, H. B. MRCHl.I!EBA, <P. r. APCEHRH, A. M. !OPKEBHC/ 

B03MO)l(HOCTb YCHJIEHHSI OPOTHBOOUYXOJIEBOro 
JJ;EACTBH~ AHTAfOHHCTA <l>OJIHEBOA KHCJlOTbl AHAJIOrAMH 

METMJ1 KOI>AJIAMH HA 

CTHMYJIHpy1omee )I.eilcTBHe n.11ai-1oxooaJiaMHHa ua poc-r nepeBHaaeMblX 
onyxoJJe:A pasaoro BH)1.a JKHBOTHI:.IX (capKoMa KYP Payca1 c:PutSpocapKOMa 
PW-2, capKoMa 45 H CCK. Kpblc, KapU.HHOMa repeHa, capKOMa 180 H JIHM· 
q>ocapKOMa M&Uueii:) H ocna6neHHe Jie1Je6HOl"O ,neitcTBHst HeI<:OTOpbIX npOTH
BoonyxoJie1uax npenapaTOB npB COBMeCTROM HX npHMeHeHHH c BHTSMHHOM' 
B 1.2, oTMeqa.eMbie B paa1u1x accJie.zi;onaHHRX, o6ycnoeJieHhl aKTHBIIl>IM 6ao
CHHTe30M ero Ko<PepMeHTOB B opraHH3Me JKHBOTHblX. Ou:.eHKa <i>YHICClKoKaJib
HO.ii poJIIf MeTHJlKot5aJJaMHHa - 0)1.HOI'O H3 Ko6aJ1aMHHOBhlX KocpepMeHTOB 
:s npo~eccax pocTa Hop MaJihHhtX H onyxoJieablx KJieTOK - npHBJieKaeT na11-
6on1:.wee llHHMamrn. . 

MeTHJIK06a.1rnMHU H:BJIHeTCSl KocpepMeHTOM MeTHOHHitCHHTeTa:nroit pearc-
. ~HH- KJnoqe:eoro 3BeHa, onpe.zi;eJIHIOllJ.ero CHHeprH3M )J,eHCTBHH KOOaJiaMU· 

HOB H cae,z:r.aaeauli cj>oJIHenoA KHCJIOTLI n npo.ueccax KJieToqHoii npoJIHCpepa
:U.HH. Oco6an sHa~KMOCTb MCTHJIKoC5aJiaMHHa ,nJin aKTHDa1urn 9TO~ cpepMeHT
Ho:A: CHCTeMl:it OTMelJ:elrn B pesyJJ&TaTe fISY'LICHHfI HapymeHHOro o6MeHa 
Ko6anaMHJfOB npH .neitKo3aX t.IenoaeKa. MaJiaSI ~npcpeKTHBHOCTb KOM6RHBpo
Ba:m·10H :UHTOCT3THtlecKoA TepanHH npH onpe.n;e.n:eHHbIX BapHaHT8X OCTporo 
..neaKoaa, npoTelrnIOUI,HX c BbICOKOA KOHIJ,eHTpa~HeA MeTHJIKo6aJJ8MHHa B 
i<pOBH, nOJJ;'l'Bep>K)1.8JUI. c11euHqn1q110CTb ero .n.eliCTBH.H B opraHH3Me 
(H. B. Mncmi~eaa H coaBT., 1969). B Mac-rosnuee ape~ur ycTaHoBJ1e1rn 
aKTHBHS.H pOJJb MeTKJIKOOaJiaMBlUl B npo~eccax npOJJHcpepal(HH KJieTOI< I<PO· 
BeTBOpH01i 'l'K8HH S~OpOBblX JKRBOTH&IX. ilo,n BOSµ;ef:\;,CTBHeM MeTHJIKOOaJT
aMHHa B ceneaeHKe Mblmeif nospac:TaIOT T.JHCJIO KJietox, CHHTe3HpyIOlll,HX 
.O:HK, H:X MHTOT11qecKaH aKTHBHOCTb 11 eeJIH"IHHa npom-tcpepaTHBifOI"O nyJra 
(0 . .n. ro.neHim H coasT.). 06z.tapy)[ceuo ana~HTeJibaoe yBe.nH11eHHe 'tiacTo-

Thl pa3BHTHH reMooJiaCT030B y Mblmeii npn: tCOM6HHHpOBallHOM anep,emur 
MeTHJJKooaJJaMHHa c aH.n;oreHHbIMH 6nacT0Morem1.M1t. Ba>ImbIM MOMeHToM 
M:eXaHHSMa CTHMYJUl'py1or.u;ero .zr.eikTBHJI xo6aJraMHHOB SIBJJ.R'.eTCfl HX HH).ly~ 
n;Hpyrow.ec BJIHJIHHe Ha aI<THBHOCTb MeTHOHHHCHHTeTa3hl. B KYJlbTypax riop~ 
M8JihHblX KJJeTOI( MJieKOJIHTaIO~HX: H onyxoJieBblX KJieTOK CJeJioBeJ<a aKTHB
HOCTb MeTHOHHHCIUITeTa3bI saMeTHO B03pBC1'8eT c yBeJIH'tfeJ.nieM co~epx<:a

HHH l<OOaJJaMHHOB B cpe.Ae ItyJibTHBHpOBaHHSI (Mangum H C08BT.; l(amely 
H coaBT.). OnyxoJieBI:ite KJleTKH paaHoro nma, 0)1.l1aKO, OTJUlt{llbI OT HOp
MaJJbHbIX rro caoe~ cnoCOOHOCT:H no.a. B03JJ:eI°.%CTBHeM I<OOaJJaMHHOB ycnmr
BBTh OHOCHHTes Me'l'HOHHHa, E·teo6xo.n.HMiiI~ rrpH HH1.'eHC.HBHOM pocTe (Hal
pern H coaaT.; Chello M Bertino). CrracaTeJI&JJr:.1i.f' nyTb c n0Molll;1>10 [{O· 
6aJiaMHH88BHCBM01'.t MeTr.tOH.HHCHHTeTa3'bI, ooecnet.fHBaH: yaeJHPieHHe BHYTPH
KJieTOtJHoro nyJJa TeTparH.n:po<}:>OJIHeao~ ICHCJIOTbl He.38BHCHMO OT qJOJiaTpe
.JJ.YKTasaoA CHC!TeMI>I, npep,cTaBJUU?T, [[0-BH)J.HMOMy, OCHOBHOit MeXaHH3M pa3-
BHTIUI ycToAlfHBOC!TR JieAKOSMblX KJieTOK K MeToTpeKcaTy (MTX) 
(H. B. MRc:nm.eaa; Sauer a Jaenicke). 

B cBnSH c .9TH:M peaJihHa noaMo:>.1caocT:c ycMJieHHst rrpoT1rnoonyxoneBoro 
sqJ(j>eKTa .l{3HHOro MeTa5oJJHTa nyTeM ero KOM6HHHpoBaHHoro npHMeHeHH1I 
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c BHT&I'OUMCTaMR I<olSanaMHHOBOI'O I<ocf.>epMeHTa. r!OHHMaHHe MeXaHHSMa 
.n;eiicTaHH rco6aJ1aMHHOB nocJJy:>t{]rno 06ocH0Ba1rneM .a;.1u1 Harrpaanem-roro 
CIUITesa aHaJIOl"OB MeTI-tJIKo6aJiaMHHa R HX HCllbITaHlHI B !<atl'.eCTBe IIOTeH
:u;naJibHbJX npoTHBoonyxoJieebIX coe,l(HHeHHit 

B XHM.HOTepaneBTJ-It.tecKHX 31<.crrepHMeHTax 6h1JJK Hsy1.1eH1::i1 JJ.Hc}>ropxnop
MeTHJIK06a.11aMHH 11 X.IIOpIIa.TIJIO)I.8T Me1'HJIK06aJiaMHHa. 06t1apy}KHBaBmHe 
aKTHBHOCTb npH HCCJIC,AODaI-JHSIX in Vitro B UO,U.BHJICHHH pOC't"a 08KTepH.BJib

HblX mteTOK II TOpMo.>KeHHH CHI·ITeaa ,LI.HK B KYJJbType 9M6paoHaJibHbIX 
cpu5po6JiacToa LieJ10BeKa (H. B. Msicaw.eBa H coanT., 1977). 

TipH :pa3pa60TKe cxeMbl KOM6HHHpoaamroro B03.n.eACTB1UI 6bIJIK Y'ITeHbl 
OCHOBHble acneKTbl <fJH3HOJIOrHt.IecKoro )J.eHCTBHH: KOOaJiaMHHOB B opraHH3-
Me: KOHTPOJih aa TIOCTYITJieHHeM coe)J.1rne1rn~ tj;OJili'eBOH KHCJIOTbI B KJleTKH 
Ii 06pasoBa1-rneM 1w<PepMeHTOB cpoJiaTa, a 1'81<:1Ke I-!HTeHCHBHOCTb TtOfJIO~e
HHH Ko6aJiaM1uiOB onyxo.rreBbIMH KJieTKaMH (Burke H coanT.; Tisman :H 
Herbert; Floodh n Ullberg). B CBRSH c 9TH.M MO)l{HO 6bIJIO pacct.rHTbtBaTb 
ua H36HpaTeJJbHOCTb .neikTBJ{fI MCCJie.n.yeMbl:X coe)J.HHelIH(I H B03MO>KHOCTh 
CHHlKeHHH aKTHBHOCTH I<OOaJiaMHH03aDHCHMOt:'O cpepMeHTa B opraHH3Me. 
0,D;HaKO Tpy..zurn 6bIJJO 0}1<'.H)l.8Tb 3Ha'-JHTeJibHOro 3cpcpeICTa npH HX H30JIHpo
BaHHOM npHMe1-ieHHH. IIo~ToMy HaM 11pe,D.cTaBm1JIOCh na:ntHl:>lM oueu.HTb 
nponmoorryxo;1e~oc .n.elicTBHe STHX coe,zurnem-ni Ha <pone TopM0:>1ceturn: a:rc
THBHOCTH .ZO.JrH.n.po«j)oJiaTpe.n.yKTa3bI c noMOIUbIO MTX. 

Ma Tep Han H Mc ·r u .u. u. HcCJicJl.oaanmr npooe.rteHbt t1a MlalWax J1nnn:o: C61BL, CBA, 
BALB/c H rH~HJlaX BDFi/C111BLx DBA(2). Maccoii 20-25 r, noJ1ytte111tr:.rx H3 IIHTOMHJU<El. 
AMI-I CCCP. npoTHBOOrlYXOJlcnnH aKTHBHOCTb aHaJioroo MCTHJIK008JWMHIIa HSytieKa Ha ne
penHnaeMblX JJe~K03&X L-12JO H La u coJIHJJ.HblX onyxonRx: aAcmm<apuHHOMC r.tono•moA: JKe
Jie.3hl (Ca-755), paKe weAKH MQTICH (PllIM-5) M a.tteHOK8PlUJHOMC KHlflel(JHfKll .(AKATOJI). 
hibl Dblt5pa1IH B KatrecTae OCUOBHoro oG'heKTa HCCJie,llOBSHH.R COJJllAllble onyxoJIH, Ha KOTO
p&rx JICJ'lle BhlstBHTb CTHMYJ!Hpy1ow.ee BJIIHIHHC MCTHJIKOIS8JUlMHHa, 'ICM lla MOJJ.CJIH .11eib<OSOB 
Mb(IUCH L-1210 H La. c BblCOKHM rtpOJJHlPepaTHBHblM nynoM H BCCbMa J<OpOTl<OA npO,ll;OJtJKH
TeJlbHOCTblO JKH3HH JKHBO'l'HblX. 

MeTHJ1I<06anaMHH (CH8Cbl) H Jl.H<f>TopxJ10pMeTHJ1Ko6anaMBH (CF2 ClCbl) noJl}'treHE.J: no 
H3BeCTHOMY MeTo,n,y (Wood H C08BT., 1968), MO.D.HtPHUHposaHHOMY 13 paa,Jle.ne Bbl:.U.eJleHHff 
(E. M. Ta1JKona n coasT.). X.nopnaJC.11o~aT MeTWIKof>anaMHHa (.M.etCbl • PdCfa) CHHTesHpO
na11 cnoc.oooM E. r. ttaycepa. M(!TltJ!l<06anaMHH B130JJ.HJ1H BHYTPIIMblWeqH.o KS paCttC'l'S. 
10 MKr/Kr 2 pa3a Ha I<ypc .11elJCHHSI c un-repnaJIOM 96 tJ, CF2CICbl - eJKeP.HCBHO DOAKO>IC· 
HO Jt3 pacqeTa 500 Mr/1<r O)J.llOMOMCKTllO JIH60 2 pasa B Aem. JI() 250 Mr/Kr B Te11e1n1c 
5 ,IUICA. Tinoxo paCTBOpHMbl.lt XJIOpmlJIJH.1/~aT MeTHJIKol5aJ18MHHa BBO,IUfJJH nepopaJIJoJ-IO B 2% 
t<:paXMD.lfhllOH cycmlff3JIH D cyTo•moA .ll.OSC 500 Mr/Kl' B TC'l:CKUe 5 ,IJ,HCA lM}I 2 paaa c JCHTep
Ull.'IOM 96 11. CyTo•masi .ir.oaa BDOJr.HJJacb oJ(HOMoMeuTno JJJIH no 250 Mr 2 pasa a .u;eHL. MTX 
<JrnpMbl «Lederla~ 1lCDOJlb301HlJIH D )(03(! 10 Mr/1<r nHyTpHCipIOWH!IHO c HHTepB8JlOM 96 t[, 

B 11nru»x ncc11e.11,oaa111rnx aKT111J11oc-rr. 1cooa11aMnaonbtx npommoJ.tllhTX H3ytteru:i ne TOJib
ico rrpn 1<0MOHH1tpoaan110M npHMcnenHH c MTX, Ho Tarrn<e c xnt10J1n11oubtM npoHSBOAJU:ilM 
(NSC.J7ti319}: 

CIT 3 

~ 

H,N,,(X? 0 

NH < )-~-NH--o--NH-ON_!.CH,·2B" 
llpenapaT no.'1y11eH IIllMH Ma Hau.aonanbnoro mtcTRTyTa paKa ClllA n cooTDeTCTDHH c 

corJtawenHeM o C:OTPYAllllqcCTBc Me.>Kll.Y CCCP K ClliA B oGnac-m XJU.lHOTCplHIHH onyxon:ei\. 
CornacHO xaparcTepHCTHKe, npc.AcTanJiemmil nr.<epHKaHCKHMH yttett1>1M11, npenapaT rrnn.sreTCH 
lUtntGH'ropoM MCTHOlUUiCHl!TCTa3U (Carter 1{ C08DT.). XHUOJ!llllOBOe apommOJ?.HOC npHMCfJSl
JlJI BHyTpn6plOUJHHHO B ,l(,03C 5 Mr/icr e>KeAHeBIIO HJIH c HHTepna.noM 96 'l, l.fTO COCTaDJUJeT no
JIOrHmy M8KCHMaJlbllO ncpt'HCICHMO/:t A03bT Jf.JISI HCllOJJb30B8HHOro pc>KHMfl. Jlc11e1me rratnma
JUI 11epel 48 'I nocJJe nc.-pcnrmKH uuyxoJIH. Peay.'lbTnThl 003,u.eitcTa1ut ou.cmrnaJIK •1cpe3 24 ~1 
noc.ne Ol<OH•ramrn 1cypca .lf(~•ICllH R' II I) pa3JIH•Un.tc cpoKH Ha npoT.sJ>l<CllHH Jltlt::HIH >l<HUOTHr:.lX. 
H:pHTCpHeAt .9C~<jJeKTHDHO<.'Tll c.r1ymnmc npouc1·rT TOpM0>1<etuUJ pocTa onyxo;m, 111.iti11cJU1cMofl no 
yc:JroonoMy oti'beMy, 11 yncJJH•rmmc npOJlOJlJKIITCJihHOCTlf >1<11a1m :il<HBOTllhlX. B Ka.>KJtOM H3 
OlfblTOD ICOllTpOJJhHbie H Oflb!TllblC rpynnbl coCTaDJUl.nJI Tal(, 'lTolh,i HX lJHCJICHllOCTb o6~cncqu
BaJJa cTDTHC"rH•ICCKYJO 3!18QHMOC1'b MHUHMaJiblll>IX Y'HITblllaCMblX npOllCllTOD Top1110>1CCUlUJ 
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pocTa onyxonei\ (60 % ) it YB e1I1i•rnnHK npO.fl.OJIJKHTeJJbHOCTH >KKSHH Mbllllefs (25 o/o). B co
OTDCTCTBHI.f c y1rnSB.HHblMJ{ Tpet5oBlHIHBMH On!:alTHbte rpynm>I COCTOHJIH HS 6-10 Mbllllc.A, a 
l\OllTPOJihHbte -113 6-13 lKiiBOTHh!X, B sanHCKMOCT}J OT HCllOJJb3yeMoro WT&MMa. onyxOJlll. 

p es y J1 b Ta 'l' bl H H x 0 6 c y }K .n; e li li e. B npone.z:r.eHHbIX HCCJie.!J.OBa~ 
HHHX BnepBbie 0611apy>Reno CTHMYJIHpyIOw:ee J3JIHHHrle MeTHJIKOt5a.naMHHa 
Ha pocT nepesHsaeMbIX onyxoJieH: Ca~755, AKATOJI, B MeHhrueA cTeneHH
aa pocT PllIM-5 (Ta6JI. 1). HaH60Jiblllas HIITeHCHBHOCTh pocTa onyxoJIH 
noA Boa.cr.e:ttcTBH:eM MeTHJIK06aJiaM1ma Ha6mo.rr.anacb npH nepesHsKe Ca~755 
MbIWaM-rH6pHAaM BDF1 (180%) no cpaaHeHHIO c pocToM TOH :ace orryxoJIH 
y MhlllleA l[HCTOH JIHHHH Cs7Bl. CTHMYJHUJ,HH paSMHO.JJrnHHH orryxo.n:eebIX 
KJieTOJ{ npoHCXO.Z{rrJia B nepHOJ( BBe)J.eHHR MeTHJIKOCiaJiaMHHa; HaI-160JibJIJee 
pa3JIH'!Jie B aeJIHlJHlie onyxone:tt y .ROIBOTHhlX OilblTHOii H KOHTpOJibHO.ii 
rpynn llI:1I.SIBJieHo Henocpe)J.CTBBHHO IIOCJie OKOHl.laHli.sl BBe,!1.eHH.sI npenapaTa. 
B nocJie.zt.y1oinHe cpoKu poCT onyxoJie:H y Mblmeif, noJiyiiaamex MeTHJI-
1co6aJJaMH:H, 3aMe.LlJHIJics. Dpu nepeBHBKe AKATOJI MhIWaM pa3Horo nona 
MHTeHCHBHOCTb poc-ra onyxomr npH 803.z:teiicTBHH MeTHJIKo6aJiaMHHa pa9-
Jll:l1.IHa. CTHMYJIHpy10mee .neikTBHe npenapaTa 6b1Jto saaqHTeJibHee Bblpaa<e~ 
rro y CSMUOB (CM. Ta6JI. 1). 

KaK H cne.n.osa.Jio 0>1rn~aTb, HSOJIHpoaaHHoe soa.z:teH:cTBHe aHaJtoroa Me
THJIKo6anaMHHOB TOPMOSHJIO pOCT nepeaaaaeMbIX onyxo11eE-1 Ca-755, 
PlliM-5 B He60JibillOJ1: CTeneHH 11'. JrHllib HenocpeJJ.CTBeHim nocJie BBeAeHHH 
npenapaToa (Taon. 2). 

IlpH cpaaHHTeJibHO:lt OU.eHKe lU.HOO.llbWaH: HHrH6Hpyrom.a.sr ClKTliBHOCTb 
o6aapy>I<eHa npH ucnoJihSo:saHHH XJioprraJIJloJJ,oaTa MeTHJIKo6aJiaMHHa. 9cp
<PeKTHBHOCTb TOpMo>KeHHH pocTa Ca-755 ObIJta 50J1ee B:&IpaJKeHa y Mo1ruei\
rz;s6pH.ztoB BDF1 no cpaaa:eHHIO c MbllllaMH C01BL Ka1t 6&JJO yKasa1-m, HMen
:uo y Mlilnre:H BDF1 B 3H8'IHTe.n.r:.Ho 6oJII.Weii c-reneHH npoanmIJJOCh n: CTHMY
Jrnpyroru;ee .D.eAcTn'.He MeTHJJKooaJiaMHHa. B 3TO:i% cepHH onhl'rOB npo.n;oJUI<H
TeJI:&HocTh >ItH3HH MbIDieii BDF1 c a~eHOI<apU.HHOMo:ti MOJIOl.[HOii J1<:eJieabl 
np11 BOS).1.eitcTeHu CF2CJCbl u x110pnaJIJio,u.a-ra MeTHJIIto6aJiaMHHa yaeJIHl.JH
:eanac:& Ha 50% (cM. Ta6n. 2). B TO JI<e apeMst npH BBe,u.e:a1rn npoH3BO.D;HblX 
MeTHJ1I<0t5anaMKMa OTCYTCTBOBaJI .9QH}leKT TopMomeHtm pocTa AI<ATOJI. 
0TMe1JeHo 60Jihmoe p831IR't.UJe B .a;ef.l:CTBHH rw6aJiaMBHOBblX npOH3BO.AHblX 
Ha onyXOJib B SaBUCHMOC.TH OT pe>KHMS HX npHMeaeHHS! (cM. T80JI. 2). Ilo
BH,ll.HMOMy, npH o.n.non:paTHOM BBe.a.eHHH 60JiblllOft .ll03hl (500 Mr/Kr) BOS• 
MO>l<Ha .O.HCCO~HalllU{ nperrapaToB c nocJCeJJ,y1om.HM 06pa3onaH1teM al<CTHBH01t 
ct>opMhl 1 C'l'HMymrpytow.eA pocT onyxonu. 

B COOTBeTC'!'BIUI c K!UUMM npeJJ.nOJIO:m:erureM npH KOM6HHHpoeaHHH a1rn
JIOrOB MeTHJIKo6aJiaMHHa c MTX otiHapy.n<eao ycHJJe1rne HX .lleikTBHS£ aa 
onyxoJI& (Ca-755, PillM-5; Taf5J1. 3). YneJmqeHHe nponrnoonyxoJTeaoro ::><l>
£.l>eKTa 13 pe3yJlbTaTe ICOM6HHHpona1u-roro B03.l(eticTBHSJ flOOHBJI1IJIOCb Heno
cpeJ.(CTBeHno nocJ1e Kypca ane.nemrn npenapaToB H, oco6eHHO, n nocJrenym
llUifi nepHo,n:: KOr.Aa scpct>eKT .neikTBIUI OJJ.Horo MTX y:>xe OTCYTCTBonaJI, 
coxpaHSJJIC.f.I .rr.ocTnTOttHO BbICOKJ.IH npoueHT TOpMO>KeHI-HI poc·ra orryXOJIH. 

Ta6JJHUa 

BJIH.RHlle MeTH.llKO(faJla.MHHa ua poc.T HCKOTOpbJX nepe8HBaeMbl:X onyxoJJeA 

,D;osa npe- CpoK nueAe1uu1 nperrnpa. PoCT Oll)'XOJlll noc.nc DDep;e1UU1 

Orryxonb napa1•a, Ta nocne np1mHDKll ony. npe:napaTa. % K K.OHTP0.1110 

MK.r/Kr XO.nK, Altlt 
1 .o.neA I l AODb 14 ,l\HeA 

Ca-756 C,,,BL 10 2-A u 6·D +74 +21 +~ BDF1. 10 2-:f:l H 6-A +1so +65 
A KAT OJI: 10 2-:f.t H 6-Q +20 +23 +a1 

CSMKM 
CaKllbl to 2-11 a 6·A +126 +37 +ss 

n pH lrf e q a HJ( e. 3.lleCb 1t D TftCSn. 2-6 Slllll( «rJJllOC» oc50:.1111111aeT CTllMYR.IH~IUO pocTa OJJY.lCOollH. 
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Ta!Si1.1uua 2 
IlpoTHBOODYXOJJenoe ~e°ACTBHe aaaJJoroa MeTHJIK06anaMHHA . 

' gj .:. o=~ 
"' a.t;. 
~ a:tg;lll TopM01xe11He pocra onyx.o.nH, % tlo~ 

<IJ Ill: <IJ Ill ~ t:I .. I'( !El Ill r:c K ICOllTpOJUO 411111 Ill ..Q 8 o; 
OnyitOJ11> TipcnapaT "'- ~~Cl • ~~18. I::~ "'"'s:>.:O:: 

~i::a: 

I I 16 Anett 
"'ia= Ii: 3 oi 8.!ci ~ e:; =o 

l AeH& 1 AHE!A: ... ..;:a:.: IElo 
I:::(~ t .. :H: o; s >. 01: ld 

Ca-755 X.nop.zr,~TopMe· 250+250 2-6·A 30 +a 54 
TH.lIKo6aJJaMHH 250+250 2-6·A: 43 38 0 16 

PIUM-5 (CF11C1Cb1) 250 250 2-6-H. 0 0 0 0 
AKATOJI 
Ca-765 l(m.mJJeKc TPH• 250+250 2-6-A: go 59 50 
(BDF.t) XJIOPMeTHJIKOc5a- 500 2-6-A 13 16 20 

.08MHH8 C 250+250 2-6·A 80 23 0 10 
PIIIM-5 (MetCb • PdCI8) 500 2-6-ii +130 +1s +18 0 

K.ATOJl 250+260 2-6-it 0 0 0 0 A 

~JU( noHHMaHHH B03MO>KHOro MexaHHSMa ,n.d1cTBlUl aHaJIOiOB MeTRJl· 
l<o6aJiaMHlla B opraHll3Me JKHBOTHhlX 5bIJI ocyw.ecTBJleR cpaBHRTenbHbIH 
aHaJJH3 pocTa TeX :/Ke onyxoJieBbIX JJJTaMMOB npH USOJIIipoaaHHOM BJIHSIIIHR 
HHrH6HTOpa MeTHOlIH:HCifHTeTa3bI- XHHOJIHHOBOro CipOH3BO.ll:HOro - H ero 
coqeTa1moro Bos,ll.ei'ccTBHSC c MTX .. TopMo:>Kc1-rne pocTa Ca-755, PillM.-5 li 
AKATOJI yne.r.rwtrnsaJIOCb a sasHCHMOCTH OT I<oatr.eHTpaUHH rrpenapaTa .. 
Haa60J1ee scpcpe1<TRBH0 npenapaT aos.u.eHCTBOBaJI aa Ca-755. IIpn yaem<
LieHHH JI.03bl OT 5 ll.0 15 Mr/Kr TOpMO)KeHHe pocTa onyxom1 aospacTRJ!O COOT" 
aeTCTBeHHO Jl.O 40 H 96 % . 0,nHaKo c yeeJIJil.IenHeM )J,03bI rrperrapaTa saMeTHO 
soapacTaJia H ero TOICCHlJ:HOCTb. HanpMMep, npH WTaMMaX nef:tKOSOB 
L-1210 a La HaH6oJIE~e anTHMaJJhHoA .u.osoA, no li:allIHM .u.a1u1JXM, ffBJUlJiaCb 
,n:o3a 10 Mr/Kr, npu KoTopo:A: n 3-4 pasa yae.rrnqanan acb npo.lloJI.HtHTeJJ:&
HOCTh )KH3HH >KHBOTHbJX. IlpH yMeH:&llleHHH ,llOSbI sq>CpeICT B03~eACTBHH npe~ 
napaTa Ha MbI.WCH c JteAKo3aMH ObIJI cymecTeeHHO HIUI<C. ITpH CO.JUl)J.H&X 
onyxOJI.flX B H811UIX HCCJie.D,OB8IUISIX He 6blJIO OTMeti:eHO 3Ha<.JH'l'eJU::Jii:OrO yae~ 
.nHileHHSI npO.U.OJJ>KHTCJibHOCTH :>KH3HH MblWeA. TipI{ C0'1eT8HHOM BBe.D,eHHH 
npenapaTa c MTX l(a>Ke a Manoi\ )J.aae (5 Mr/Kr) naomoJI.aJiacb cyMM&U.HH 
scpQ:>eKTa. lJTo no}J.TBep2KP.aJJo yneJIH'Ierrne ·ropMo.merrn.H pocTa ony.xoJIH 
(Ta6n. 4). IlpH 6oJiee no3,n.1-1eM nalfaJie Jtetiemrn ..HrnB01·ublX (tm 8-it p,eHb 
nacJie nepeeHBtrn auyxoJia} a e:nceJJ.HCBHOM nne,n.eIIHH npenapa·roo a Te ... 1e
Hne 5 cy1' (5 Mr/Kr :'\HHOJIImoaoro npo.uano)J.Horo; 2 Mr/Kr- MTX) pesynr:.Ta
Tbl 6blJIH ewe 6oJtee ;I.CMOHCTpaTHBHhl (Ca-755)' HO rrpH cyMMapHOM l303-
.nettcTBHH yaeJJHlJlll:Hl.'13Cb TBJOJ(e H o6w.aSJ 1'01(CHtIHQCTb (•ra6JI. 5). 

Yneni-tt1eHHc Top Mo:.I<:eHJUI poc-ra onyxo;rn H npo.zx.omKHTeJibHOCTH }KH~HH : 
Jf'UfB01'1-lbIX OTMe'-leHa npu I<OM61umponatUIDM 1103,neticTBHH XJiopnaJIJIO)J;aTa 
MeTIIJil{003JI3MHHa H XHHOJIHI-IOBOI"'O npOH3BO)J.}TOro (NSC-176319; ·ra6JI. 6). 
Yl.rHTbJBaH ycuJier-rne n.eiicTmu1 MTX npM ero I<0M6mrnposa1-1HoM HcnoJibSo
.aaHHH c aHaJioraMH MeTHJIKo6aJJaMHHa H HIIrH6HTopoM MeTHOHHHCHH·reTa-
3bI, Mhl ocyw.ecTBl'IJill KOMt5mrnponam1oe J1et1eHHe MbIWe.i1 c Ca-755 c npH
MeneJIHeM ncex 3 m-xru6nTopon: MTX, XHHOJIHnoaoro npoHaso.rr.uoro n 1-1aH
ooJ1ee aJ<THI3HOro 8Ha,110ra K06~.na~UUIOHOI'O KOcflepMeHTa - XJlOpna.'lJiaJI,aTa 
MeTHJIKo6aJiaMHHa (cM .. ·raf5JI. 6). 

B peayJihTaTe KOMOHHHpona1umro npHMeneH1H1 :in!rHc5HTopoa MeTnoHHH
CiiHTeTa3hJ H .U.HrH,llpo$oJiaTpe.u.yKTa3hl 3Ha"lrnTeJihHO ycHJmBaJIOCb npOTHBO
onyxoJienoe ,n.eiiCTBHe, ocooeauo B oT.zr;aJieHHbie cpom1 nocJie 0K0Ht1amur Jie.
qeHH.SI. B 9THX ycnoaH.srx l.Jepes 2 ue.zr; nocne oKoui;ramrn BBe.u.emrn: npenapa" 
TOB TOpMOJK€HMe pocTa onyxoJIH COCTaBJUIJlO 85 % • B TO npeMst KB.K B rpyn" 
nax MI:.Illleit, JIOJIY~JaBWHX Ka>I<)lOe HS HCCJie,n;.yeMbIX COC)J.HlieHHH ({30.JlBpo
saHHO HJJH 1<:0M61-rnau,HIO Ma 2 npenaparoa, B &TB cpoKH Yl:'He-reHHe pocTa 
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onyxoJiell npaKTHqecKH OTCYTCTBOBBJIO. 0.nRaKo CJie)lye'l' OTMeTB:Tb, qTo 
OJJ..Hoapei\.feHHO rroBbIWaJiacb TOKca1urocTh. YcTaHOBJieno Ta1c>Ke, 4TO .a.eir
CTBHe KOMl'5HJJaD;HH npenapaTOB cym.ecTBeHHO HSMeI-IfIJIOCb B aaBHCHMOCTll OT 
TIOCJie)l,OBSTeJJbHOCT:H BBe)J.eHHH tCOMt5HHaHTOB It HHTepsaJIOB Me>K~Y lUiMH. 
TaK, o.rtHospeMeHHOe BBe.zr.eHHe NSC-176319 H MTX oKa3anoCb sHaqHTeJib
Ho MeHee TOICCHllHhIM JJ.JHI opraHRSMa, "leM nae.n;eHHe HX c EUITepsa.noM 3 11 
npn paBHOM npOTHBOonyxo.neBOM scp<l>eKTe. 

TaKHM o6paaoM, pesyJILTaTE:.I 3KcrrepMMeHTaJihli:bIX HccJie.zr.oaaHH1i no.n.
Tsep.>Kp_aroT Hawe npeir.rro.noxceHHe 0 BOS MOXrnOCTH ycHJieHIUl npOTHBOOny
X.OJieBDI'O ~eikTBHB MTX c IIOMOIIlbIO aHaJioroa MeTn.rrn:ot5anaMnrra H HHI"H
C5HTOpa MeTHOHHBCHHTeTa3bl, STO OTICpb1Bae1· HOBblil IlO.UXO.l( K Jieqe6HOMY 
Bos.zr.eliCTBIUO Ha onyxoJIH c KCirOJib30BamieM aRTaroHHCTOB qrn:3HOJIOr1ne
CKoro pery.TJHTOP a OOMe.fJa coe,riHHe.trnA cpOJIMeaoft I<li"CJIOTbI B opraHHSMe. 
HaMH yb'aHoBJieua rrpOTHB0011yxoneaasr aKTHBJIOCT'b aHTaroHHCTOB K06a- · 
JiaMHliOBOrO KoQ>epMeHTa. O~naKo BKTHBHOCTb HCCJie.IJ.OBaHHbIX aHaJioroB 
MeTHJIKOCSaJiaMHHa, 6JIOKHPYIO~HX onpe.n;e.neHHbie MeTa60JIHqecKHe 3BeHbH, 

' He,l{OCT8T011Ha BbJCOKa JI.JHI no.rrHoro H ,l(JIHTeJihHOrO TOpMO.>KeHHff pocTa 
on:yxo.rrn. ITpoTHB0011yxoJienoe ,n:eitcTaHe aHaJioroa Ko6aJlaMHHonoro Ko<t>ep
MeHTa MO>l<:eT 6J:.ITb 3HattHTeJJbHO YCHJieH:o nyTeM ux KOM6HHHpOB8Hl·IOrO 
npH:MeHemrn c MTX. IToJiyt.ree:Hble aKcrrepHMeHTB.JI&Hble JI.aHHbie yKasbiua10T 
Ha ·:q,e.necoo6pa3HOCTb HCnbl'taHHH .9<l><PeKTHBHOCTH aHaJIOrHt;IHOI'O po.n;a KOM
OHH2IJ.HH B I<JIHHHKe. Harua OCHOBHaK sa.naqa B HaCTOSIInee apeMst COCTOUT 
a paapa6oTKe onTHManhHOro peJKHMa KOMOHHHpoaaHaoro neqcHHff onyxo
Jiett yxasaJJHDIMH nperrapaTaMH Ha oc1-1ose ncecTopo1111ero aHaJJH3a Mexa
HlfSMa HX COlleTaHHOro )1.ettCTDHSI :a opraHH3Me . 
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POSSIBILITY OF POTENTIATING THE ANTINEOPLAS'rlC ACTION OF FOLIC ACID 
ANTAGONlST BY M.ETHYLCODALAMINE ANALOGUES 

Z. P. Sof11ina, N. V. Myaslschcva, F. G. Arsenya11, A. M. Yurkevlch 

Summary. The effect of methylcobalamlne and ils analogues (difluoro-chloromc
thylcobalamine - CF£1Cbl and methylcobalamine chloro~alladate -M.etCbl · DdCla) on 
the growth of trans(>lantable tumours in mice: adcnocarcmoma. of the mammary gland 
(Ca-755), carcinoma of the uterine cervix (CUC-5), carclnoma of the lntestlne (ACATOL) 
was studied. The activity of the cobalnmine coenzyme analogues was investigated when 
u::"lcd alone or combined wHh inhibitors of dchydrofolate rcductase and methyonlne syn· 
thet.nsc. The resuHs of the experiments indicate a stimulating effect of methylcobalamitw 
on the growth of 1ransplantab1c solid tumours in the animal organism. The antitumour 
activity of the methylcobalaminc analogues studied was found to be higher in combined 
appJicaUon with mell1otrexate. The most effective inhibit!on of tumeur growth and the 
longer survival of the animals were achieved in combined application of methylcobalamlne 
with methotrexate and methyonine synthetase inhibitor. depending upon the scheme of 
administration. 
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S of yin a, z. P., My as 1 she h c v a, 
N. V., Arsenyan, F. G., Yurke
v i ch, A. M.: Poasibility of Pote11tiat
ing the Antincoplastic Actlon ·of FoUc 
AcJd Antagonist by ..M.otJ1ylcobalami11e 
Analogues 

PEcf>EPATbl CTATEA, onYGnHl(OBAHHblX B STOM HOMEPE 

Y)l.K Gh012.0t7.l 

HMA•UH<JAOt:UJl 0 C00/1CAtCHHOil. AWOur~une. K () c $1 K 0 B n. Ii. Bcc1·11. AMH CCCP, 
1979, N2 1, c. J4. 

0TMe•raeTC.R :mal!eTJflC llMMYHOJIOrHR JJ.llSI MHOrRx pa9.1l,0JJOB coepeMe!IHOa Me,l(HUH· 
uw: npe:XC,Ae ncero JCMMYHOJlOrHH RH<j>eKLUdi, a Ta1rnce r.t11on-i:x pa3Ji;C,110B EleHHcJ>ertttHOHHOtl 
HMMYHOJJOrHH. liMMYllOJJOrJlllCCKffe MeTOJtbl 6naro.a.apsr HX yuH1rnm:i1uott cneuml>HqKOCTH " 
DblCOl(Ofi 'IYBCTBUTCJIMIOCTll uamJJH caMOC WHpOKoe npHMe11e1me n p83JUJqHbfX oOJJaCTffX 
GuoJiorHH H MeAJIQ.Hllht. YK!13blBacTCff, •tTO HMMym1&1e .peaKl\lUI, SalU.UTHHe no cnoeft npn
po.n.e. B CHJIY Tex HJll{ Jlpyrnx npw.niK MoryT 6t.lTb uanpam.e111>1 H lHlllJ>UaJIC.llbl UC 'TO.llbRO 
ua 11y1Kcpo..zr.1u,1e at1T11re1m1, no H 1rn neK0Top1.ie coc>crnennue, HOJn.taJibnLte, ucu::iMcHeH
llhte anTt1re11ut JCJIC'rCll< H TJCEHJCft, B pe::iyJ1bT8TG •zero ll03UHl(aJOT HCTl!Illllt!C! llYTOIUO«yn
m,ie 6o.nc3nK. 

Ba6Jmorpa4mn: l fi 1rn."tna1mA. 

YJU< 612.017.t:OOt.8 

Coepa..+1en11.t•U! u:m;uiobl Ha n!JTU paaet.1.TUJL u.AULIJHOAOeutt (tipo6.M!Mbt u 1u1pcncucru
llbl). Ea po n n 0. B., Kay JI cu }l. P. BecTn. AMH CCCP, 1979 • .N'!! 1, c. 21. 

llpc~cTann~uu oc1111m1hte sa}la'lff, CT011w.ue nepe.n HMMYHOJIOrHeA. PaccMaTp1maeT
cn r.naurrnn sa.11.a•111 - uoaMO>KHO<'.TH noHCKOB 11yreA ue.ne1ta.npanmmuo"A pery.1uru,HH DM
Mynnoro OTBCTa oprauu3Ma. AaTopr.1 Btlll:SIT Tal<YIO B03MO:lK!lOCTb u pu3paCiOTice CUOCO• 
Gon, per-y.1mpy1om.11x J<JJCTO•mbre r<0onepatr.HH, MOJlHcpmcau.un rrneTOlJHOro MIH<poor<pyxce-

. 1nfn, HcnoJJb30DtmHH c(1parMeJJTOB anTHTeJJ. Oeipau.taeTCfI DHHMSJucc Ha 3Ha1leHHe pac'rBO· 
pHMbIX Me)r.JISTOpoa J(JIC1'0'1JIOrO HMMymrreTa - JI1fMcpo10mou. Ocofio OTMC11CUO DJlfff!Jme 
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615.277.3:577.164.161 D22A 

Sofyina Z.P., Myasisheva N.V., Arsenyan F.G., Yurkevich AM. 

POSSIBILITY TO INCREASE THE ANTITUMOR EFFECT OF FOLIC ACID ANTAGONIST 
WITH THE HELP OF METHYLCOBALAMINE ANALOGS 

The Science Center of Oncology, Academy of Medical Sciences, USSR, Moscow 

The stimulating effect of cyancobalamine on the proliferation of subinoculated tumors in different 

animals (chicken sarcoma of Raus, fibrosarcoma PW-2, sarcoma 45 and CCK of rats, Geren 

carcinoma, sarcoma 1180 and lymphosarcoma of mice) and the weakening effect of several 

antitumor medications combined with vitamin B 12 that were noted in previous studies can be 

explained by the active biosynthesis of its enzymes in the body of animals. The evaluation of the 

functional role of methylcobalamine - one of the cobalamine coenzymes in the proliferation of 

normal and tumor cells - is of utmost importance. 

Methylcobalamine is a coenzyme in the methionine synthase reaction - the key reaction that 

determines the synergy of cobalamine and folic acid compounds action in cell proliferation. The 

particular importance of methylcobalamine for the activation of this enzyme complex has been 

noticed when studying the disturbed metabolism of cobalamines in human leucosis. The low 

effect of the combined cytostatic therapy in certain types of acute leucosis with the high 

concentration of methylcobalamine in blood has confirmed the specificity of the latter in a human 

body (Myasisheva N.V. et al., 1969). The active role of methylcobalamine in the proliferation of 

the cells of hematopoietic tissue in normal animals has been determined nowadays. 

Methylcobalamine causes an increase in the number of cells that synthesize DNA in the spleen 

of mice, its mitotic activity and the size of the proliferating pool (Golenko 0.0. et al.). A significant 

increase of the hemoblastosis in mice after the administration of methylcobalamine with 

endogenous blastomogenes has been found. The important part of the stimulating action of 

methylcobalamine is in its inducing effect on methionine synthase. In the cultures of normal cells 

in mammals and tumor cells in humans the activity of methionine synthase greatly increases 

with the increase of the concentration of cobalamines in a cultured medium (Mangum et al.; 

Kamely et al.}. However, different types of tumor cells differ from normal cells in their ability to 

increase methionine biosynthesis required in case of acute proliferation under the influence of 

1 
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cobalamine (Halpern et al.; Chello and Bertino). Cobalamine-dependent methionine synthase 

increases the intracellular pool of tetrahydrofolic acid irrespective of the folate reductase system 

and serves as a main mechanism of resistance of leukemia cells to methotrexate (MTX) 

(Myasisheva N.V; Sauer and Jaenicke). 

Thus, there is a possibility to increase the antitumor effect of a given metabolite by its 

combination with the antagonists of cobalamine coenzyme. Understanding the mechanism of 

action of cobalamines allows to explain the directed synthesis of methylcobalamine analogs and 

investigations of their potential as antitumor compounds. 

Difluorinechlorinemethylcobalamine and chlorinepalladate methylcobalamine were studied as 

chemotherapeutic agents. They displayed an in vitro activity when suppressing the proliferation 

of bacterial cells and DNA synthesis in the culture of embryonic human fibroblasts (Myasisheva 

N.V. et al, 1977). 

While developing the scheme for the combined effect, the main aspects of the physiological 

action of cobalamines have been taken into account: the control over the entry of folic acid 

compounds in cells; the production of folate coenzymes and intensity of cobalamine uptake by 

tumor cells (Burke et al.; Tisman and Herbert, Floodh and Ullberg). It was now possible to count 

on the selective action of the investigated compounds and their ability to decrease the activity of 

cobalamine-dependent enzyme in the organism. However, it was difficult to expect a significant 

effect from their isolated use. Therefore, we found it important to evaluate the antitumor effect of 

these compounds with the inhibition of dihydrofolatereductase via the administration of MTX. 

Materials and Methods. 

Studies were performed on mice from line Cs1BL, CSA, BACB/c and hybrids BDF,/Cs1Blx OBA 

(2), with weight 20-25 gr from the nursery of the Academy of Medical Sciences of the USSR. The 

antitumor activity of methylcobalamine analogs was studied on subinoculated leucosis L-1210, 

La and solid tumors: breast adenocarcinoma (Ca-755), cervical cancer (CC-5) and intestine 

adenocarcinoma (ACAi}. We chose solid tumors to be the main object of our research, because 

it is easier to determine the stimulating effect of methylcobalamine on solid tumors than on 

model of leucosis in mice L-1210 and LA with high proliferating pool and rather short life-span of 

animals. 
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Methylcobalamine (CH3Cbl) and difluoridechloridemethylcobalamine (CF2CICbl) were 

synthesized according to the well-known method, altered in the separation phase (Tachkova 

E.M. et al.). Methylcobalamine chloridepallodate (MetCbl-PbCl3) was synthesized by the method 

of Chauser E.G Methylcobalamine was administered intramuscularly 10 mkg/kg twice during the 

treatment course with a 96 hour interval, CF2CICbl was administered daily subcutaneously 500 

mg/kg once a day or twice a day 250 mg/kg for 5 days. Methylcobalamine chloride palladate, 

which was poorly dissolved, was administered per os in 2% starch suspension once a day 

500mg/kg for 5 days, or twice a day with a 96 hour interval. 

In our studies, the activity of cobalamine derivatives was determined not only in its combination 

with MTX, but also with quinoline derivative (NSC-170319). 

err, 
k 

rPX? HtNA ~ 0 

NH (_)-~-NH < )-NH-ON_!..CH3 ·2B~ 
The drug was delivered from the National Institute of Cancer of the USA according to the 

agreement about cooperation between USSR and USA in chemotherapy of tumors research. 

According to the description presented by the American scientists, the drug is an inhibitor of 

methionine synthase. (Carter et al.) Quinoline derivative was administered intraperitoneally 5 

mg/kg daily or with a 96 hour interval, which is half of the safety dose for the chosen regime. The 

treatment began 48 hours after the tumor subinoculation. The effect was evaluated 24 hours 

after the end of the treatment and at different times throughout the animals' lives. The 

percentage of the tumor proliferation suppression was chosen to be the criterion for 

effectiveness measured based on the specific volume and increase of duration in life of animals. 

In each experiment the control and experimental groups were composed in such a way that its 

numbers would assure a statistic significance at a minimal percentage of the tumor proliferation 

(50%) and an increase of the life-span in mice (25%). According to the mentioned criteria, the 

experimental groups contained 6-10 mice, and control groups contained 6-13 mice, depending 

on the tumor. 
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Results and Discussion 

Our studies revealed a stimulating effect of methylcobalamine on the proliferation of 

subinoculated tumors Ca-755, ACAi, and to a smaller degree on the proliferation of CC-

5 (table 1 ). The main intensity of the tumor proliferation under the influence of 

methylcobalamine was seen in mice-hybrids BDF, (180%) that were subinoculated with 

Ca-755 than that in mice of the clean line Cs1BI. The stimulation of the proliferation of the 

tumor cells occurred during the administration of cobalamine; the main difference 

between the sizes of the tumors in animals of the experimental and control groups was 

determined immediately after the administration of the drug. Later the tumor growth in 

mice receiving methylcobalamine slowed down. In mice inoculated with ACAi the 

intensity of the tumor proliferation under the influence of methylcobalamine varied. The 

stimulating effect of the drug was more significant in male mice (table1 ). 

As it was expected, an isolated effect of methylcobalamine analogs decreased the proliferation 

of subinoculated tumors Ca-755, CC-5 to some degree and only immediately after the 

administration of the drugs (table 2). 

In comparison, the inhibiting activity was the highest with methylcobalamine chloride palladate. 

The effective suppression of the Ca-755 proliferation was more significant in mice-hybrids BDF1 

compared to mice Cs1BI. As it was already mentioned, the stimulating effect of methylcobalamine 

was also the most significant in mice-hybrids BDF,. In this series of experiments the life-span of 

the BDF, mice with breast adenocarcinoma had a 50% increase under the effect of CF2CICbl 

and methylcobalamine chloridepallodate (table 2). At the same time there was no effect of the 

proliferation in mice with ACAi. The regime of administration of the drug showed a significant 

difference in the effect of cobalamine derivatives (table 2). Thus, a single administration of a 

large dose (500 mg/kg) creates the dissociation of the drugs with the following formation of the 

active form that stimulates the growth of the tumor. 

According to our assumption, the combination of analogs of methylcobalamine and MTX shows 

an increase in its effect on the tumor (Ca-755, CC-5; table 3). The increase of the antitumor 

effect as a result of the combination of the drugs was seen immediately after the administration 

of the drugs and, especially, in the following period: when the effect of MTX decreased, there 
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was still a high percentage of suppression of the tumor growth. 

Table 1 

Effect of methylcobalamine on the growth of some of the inoculated tumors 

Time of drug Growth of the tumor after the 
Administered 

administration after the administration of the drug, % 
Tumor dose of the drug 

compared to control group subinoculation of tumor, 
mg/kg 

days 1 day ?days 14 days 

Ca-744, Cs1BL 10 2nd and 6th +74 +21 +23 

BDF1 10 2nd and 6th +180 +65 +10 

ACAi 10 2nc1 and 5th +20 +23 +31 

male 

female 10 2rn1 and 6th +126 +37 +33 

Note: Here and in tables 2-5, + symbolizes stimulation of the tumor growth 
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' '' 

Table 2 

Antitumor effect of the methylcobalamine analogs 

Time of Reduce of tumor 

administration growth,% compared Increase of 

of the drug to control mice life 
Administered 

Tumor Drug after span,% 
dose 

subinoculation 1st 2nd 3r<1 compared 

of the tumor, day day day to control 

days 

Ca-755 Chloridedifluoride- 250+250 2nd-6th 30 +8 54 

methylcobalamine 250+250 2nd-6th 43 38 0 16 

CC-5 (CF2CICbl) 250+250 2nd_5th 0 0 0 0 

ACAi 

Ca-755 Tri chloride- 250+250 2nd-6th 90 59 50 

(BDF1) methylcobalamine 500 2nd_6th 13 16 20 

with 250+250 2nd-6th 80 23 0 10 

CC-5 (MeCbl*PdC'3) 500 2nd_5th +130 +15 +18 0 

ACAi 250+250 2nd-6th 0 0 0 0 

In order to understand a possible mechanism of the action of methylcobalamine analogs in the 

organism of animals we performed a comparative analysis of the same tumor growth under the 

effect of the isolated influence of methionine synthase inhibitor - quinoline derivative - and its 

combined effect with MTX. The suppression of the growth of Ca-755, CC-5 and ACAi increased 

depending on the concentration of the drug. The effect of the drug on Ca-755 was most 

noticeable. By increasing the dose from 5 to 15 mg/kg, the tumor growth decreased to 40% and 

96% correspondingly. However, an increase in the dose of the drug led to the increase in its 

toxicity. For example, the optimal dose for leucosis L-1210 and La was, according to our data, 10 

mg/kg and it is only allowed to increase 3-4 times in a life span. A decrease in the dose led to the 

decrease in its effect. The solid tumors did not show any difference in the life span of mice. The 
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combination of the drug with MTX even in a small dose (5 mg/kg) revealed a combined effect 

that was confirmed by the reduction of the tumor growth (table 4). A later start of the treatment 

(81
h day after the subinoculation of the tumor) and daily administration of drugs for 5 days (5 

mg/kg of quionoline derivative; 2 mg/kg MTX) revealed more significant results (Ca-755), but the 

combination therapy led to the increase in general toxicity (table 5). 

The increase in the reduction of the tumor growth and life span of the animals was noticed when 

using the combination of methylcobalamine chloride palladate and quinoline derivative 

(NSCp176319, table 6). Considering the increase of MTX effect in case of its combination with 

methylcobalamine analogs and with inhibitor of methionine synthase we performed a combined 

treatment of mice with Ca-755 and all 3 inhibitors: MTX, quinoline derivative and the most active 

analog of cobalamine coenzyme - methylcobalamine chloride palladate (table 6). 

The combination of the inhibitors of methionine synthase and dihydrofolatereductase showed a 

significant increase in the antitumor effect, especially later after the termination of the treatment. 

Under these conditions the reduction of the tumor growth was 85% 2 weeks after the drug 

administration was stopped. At the same time, there was almost no inhibition of growth in the 

groups of mice that were administered just one drug or a combination of two drugs at a time. It 

should be noted that the level of toxicity has increased with the increase of the effectiveness. We 

also found out that the effect of combining the drugs for administration was different and 

depended on the sequence of the drugs and intervals between their administration. Thus, the 

simultaneous administration of NSC-176319 and MTX appeared to be less toxic than the 

administration of the same drugs with a 3 hour break. It, however, brought the same antitumor 

effect. 

Having said that, the results of our experimental research supports our thesis about a possible 

increase of the antitumor effect of MTX with the use of methylcobalamine analogs and 

methionine synthase inhibitor. The obtained results open a new approach to the treatment of 

tumors with the antagonists of the physiological regulator of folic acid metabolism compounds in 

the organism. We have established the antitumor activity of the antagonists of cobalamine 

coenzyme. However, the activity of known methylcobalamine analogs that block some metabolic 

pathways is not strong enough for a complete and longer reduction of the tumor growth. The 

antitumor effect of analogs of cobalamine coenzyme can be increased by means of its 

combination with MTX. The available experimental data shows necessity of investigation of the 
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effect of such combinations in clinic. Our main purpose nowadays is to develop an optimal 

regime for the combined treatment for tumors with the previously mentioned drugs, based on the 

thorough analysis of the mechanism of its combined effects in the organism. 
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19. Antimetabolites-Precllnical and clinical studies (part 2) 

LY231514 and its polyg lutamates exhibJt potent Inhibi
tion against both human dlhydrofolaae reduotaae (OHFR) 
and thymldylate synthase (TS): multlple folate enzymes 
inhibition 

c. Shih'. L. Gossett'. S. Gatea'. W. MacKellar'. L. Mendelsohn'. 0. Sonae•, v. 
pale!'. W. Kohl91', M. Flatnam•. 'Liiiy Research I.ab., lndlanapolls, IN and 
2Medloal Collage of Ohio, Tolodo, OH, U.S.A. 

L '1'231514, a novel mullltargeled antlfolate, la curranlly undergoing extensive 
multicentar phase u cUnlcal trial&. Previous studlaa ha11e d&mOn&lrated lhal 
L Y231514 Inhibited the enzyme lhymldylate synlhue (lS) derived lrom mouse 
1ymphoma {Kl .. 440 nM, 'taylor et al., J, Med. Chem., 35, 4450, 1992). 
l-Y231514, one of lhe best known sul>itrates tor the enzy/116 tolylpolyglutamale 
synthetase (FPGS), IS extensively metabolized to tile corretpondlng 
polyglu11tm11.te1 once ft entt,.. the oeUs. The polyglutamata ol LY231 S14(13Mil 
was found to have significant enhanclld inhlbltaty e.atlvl1y against ~ l!IOllP 
TS (Kl " 3.4 nM) Wh9n COll\l)ared with the parent monOlJlutarMte. Pramlslng 
antllumOr re&JlOn•ea have reeenttibeen obearv8dln phaae llrialaol l.Y231514 
(Rlnaldl et al., Pn>ceed1ngs ol ASCO, 14, 474, 1 S&5). It we.1 Intriguing to !Ind 
that some patienls who had lalled on other TS speolffc agents such as ZD1694 
(pa.ltitreidd) and 5-FU/Leucovorln, responded 10 LY231514 treatments. This 
c:llniaal ob$ervaU011 along with our earlier llndlng that thymlcfne alone was not 
able lo luNr reverse the cytotoxic eHect of LY231514 In cultullt(Schultz etal .. 
NOl·EOATC. 1998), prompted us to Jnve.stlgal4 In more dela• the modes of 
aollOR of 1hla novel antlfolate entlmetabollte. We now report that the 
polyglut11mata1 of LV231514 no.t only are potent Inhibitors (Kl ~20 nM) of hu· 
man recombinanl TS (rTS), but are also V""J tight-binding lnhl>llora Of human 
recomblrie.nl dlhydrololata raductaae (rDHFR). LY231514 pentaglutani11te{Glu5) 
had a Kl or 100 pM against human DHFR. The parenl mc>noglularnate L Y231514 
waa also laund lo exhibit lighl-binding lnhlbllion aoalnst human DHFA (Kl • 
300 pM). These resulla suggest that LY231614 acts upon mU111ple lntracellUJar 
targellll 11.nd that the antltumQr affect of 'this novel antlfolate may be derived 
tr om tta atmullan110ua lnhlb111on of multiple folate-requlrlng emymas. A datalted 
study that compe.ree the enzyme inhibition of t.Y231514, ZD1694 and their 
poJ~glutamatea agamt human rOHFR and rTS wllJ be ptltHflted. 

r:::l COmparatlva antllumor activity of the multitargeted 
~ antltolate LV231514 and the thymldylata synthase (TS) 

Inhibitor ZD1694 

R. SChu1tz1, s. Andis'. V. Chen'. L.. Mendelsohn'. v. Patel', c. Shih', J. 
Houghtol\1• 'Liily Ruaarcl\ labOratorles, kldlanapoll&, IN ~85; "SL Jude 
Ohlldren'a Rea. Hospital, Memptlie, TN 88101 

L.Y231514 and Z01694 (paltltraxld) ere tolate anatog antltumor t1Qenll who&a 
primary rnO<le or action tiac been ascribed to inhibition of TS. Therefore, sal
vage of ll)(OQOllOUS lhymlcllne (dThd) should circumvent the cytotoxlai1y of tlleae 
agen1s. With Z01694, we found that lh• addlUon of 511M dihd fully protected 
CCRF·CEM leuMmla (IC,. tn<:reaaed from 8 nM lo >40 µM) and GC3/C1 colon 
carcinoma eels UC.. lncraas&c:t trom 4 nM to >40 11M). In contrut, d1'11d at S 
JJM only Increased !he IC., of LY2S1514 \It CCRF·CEM cells from 26 lo 138 
11M (5.S·lold) and GC3101 cell$ from 34 lo 637 nM (18.7-fold). Hypoxanlhlne 
(100 µM) alone did not Influence lh• cytotoxlclty ol LY231514. Haw&vBI', Iha 
comblnatlon of dTlld p~ hYPQxanthlnt totally proteoted theee cells (ICeo& >40 
µM). Thau findings alOllQ with recent enzyme stucllea (Shih al aL, NCl-l:ORTC. 
1996) wggest that Inhibition o1 d!hydrofolate reductase or 011\et eniymes along 
the purine da novo pathway may be •n Important secondary site of action for 
LY231514. In contrast, the oytotoxlclty atudlu In CCRF-CEM and GC31C1 
oena &UllOMI that TS Is Iha aole tweet far ZD1694. In addition, we abaervlild 
that dThd at pl!yaiatoglc mouse plasma lewis (1 µM) did not sJgnfllcanUy alter 
tile cytotoxloity of LY231514 for GC3/C1, but markedly protected the C61ls from 
201694 (1090 Increased from 8 nM to 513 nM). Thymldfne clkl not modulate the 
oylotaxtolty of L.Y231514 and Z01894 in GC31Tl<·, a thymidlne klnue·detl· 
clllll1 llna derlVed from GCS/Ct. Studies with mulant call lines demonstrated 
that LY231514 end Z01694 require polygtutamatl011 and transport via the re
duced·fotata carrier tor cylotoxlc potency. 

r,;;;;i Cllnlcal phase I study of LV231514, a mullit•geled antJ. L:J fol ate, administered by dally x 5 q 21 Schedule 

A.O. MeOOnald, P.A. Vasey, J. Waifing•, MJ Llnclb. NP Bailey9, N Slddlqulb, c. 
lWelves, J. Cassidy & S.8. t<aye. CRC Dept ol Medical Oncology, Westem 
Infirmary, Glasgow, •Ufty lnduslri111 & "OMsion ot Oncology, NewcasUe Gen
eral Hospital, Newcaalle, U.K. 

LY231514 ls a qulnazollne tnfllbltor al varlous enzymes In the folsla pathway 
Including tnyrnldylate synthase, dlhydrofolate relfuctase and C1THF reduct· 
aee. LV231514 has pre-clinlcal activity 1n murlne tumours Bild tiuman colonic 
xenografl models. 

ihia sluely llime to detarmlne the MTD and to1dclty of LV231514, adminis
tered by lntra\19nous ln'-lalon over ten mlnu1es. dally tor ftve days, repealed 
every three weeks. To data, 33 patients (mean age 58yrs: 1BF, 15M; median 
PS 1, range 1)-2) repre1enttng 10 solld tumour 1ypee (coto-reotal 17, pancre
atic 4, melanoma 2, NSCLC 2, others 8) refradory or not amenable to slllfld. 
ard therapy have been trear.d at s dose I/Weis (0.2-4.0 mgtm•J tar 1 tolal at 
99 CQ\lnlaa, ranging lrom 1 to 10 (median 2) oaurses per patianl. Previous 
chelTlotherapy had bae11 administered to 28 and radlalhem.py to 11 patt11n1&. 
Five had received r.o ptellloua 111111-naoplasHc therapy. 

Thirty two pauenis were evaluable for toxicity. (One patient did no1 complete 
lllst course of treatment due to progressive disuse). 'Two principle trodclllss 
have bffn lound, myetosuppression and transaminase elevation. Slgnlllcant 
haematologic loxlclty (>OTC grade II) wu not seen In patients receiving less 
than 3 mg/m1• One patient treated at 1hla doeaga developed vnoompllealed, 
reversible grade Ill neutropenla: a further patient treeted at 4 mg1rn• demon
atraled slmRar myetosuppretslon. Significant thrornbocylopenia has not been 
evident. ReVGralbta, mild (CTC gradea ~l) derangement ol hepa!ic: enzymes 
was '"'" at moat dos& levels. One patient at 2.3 mg1mt had ere grad& 111 
hepatic toxlClt.y. Miid (CTO grades 1-11) 1atlgue occurred in 7 pat~nl&, unre· 
lated lo either d01111 or hepatotoxlcity. Nausea and vomltJng was Inconsistent 
and mild (CTC grades 1-11). 

Coe patient with NSCLC, treated at 3 mgtrn• haa clinical and radlologloal 
algns of dlaell88 response. The ttudy conlinues to accrue patients al 4 mg/1112 
in ordar lo daftne the MTO. 

Cl Phase I and phannacoklnetlc study of 3,4-dlhydro-2· L:J amlno·&.methyl-4·oxo·S·(4•pyrldylthlo)-qulnazollne 
dlhydrochlorlde {TtlYMITAQ9, AG337) 

P.J. Creav1111, L Pendyal11', NJ. Merapol'. E. V. Wu'. N.J. Clendeninn'. 'Roswell 
Park Cancer lns!ltuta, Buffalo, NV 14263;tAgouron Pharmacaut1oa111., Inc., San 
a.go, CA 92121 U.S.A. 

AGS37 ill a nan-otasslc:al antlloiatll synlheslied to flt and bind to the folate 
cole.ctor binding sit• of tile 11nzym11 lhymldyla1e synthase.><, for Iha enzyma ts 
1.1K10 ... M. AG397 ls active agal11st11numbarof preclinical tumor models. In 
a phase I study ot 5 day oontinuous Infusion (C.L), the dose llmltlng toxicity 
wea myelosuppresaJan and muccslds: maximum tolera1ad dose (MTD) was 
USO mgtm'lday (o.65 ;/1'112/courseJ (Rall, I. st Ill. Proc MCA 36: 240, t996). 
BSCIWae or prmclinlcat data indlaating lllal more ptolongecl celular exposure 
might ba adva11tageous, a phua lfphannaco"1etlc s1ud1of10 day c.1. or 
AG337 glVen by portable pump to ambulatoty patient$ (pts) with a<Jvanc:ed 
solkl IUmors Who have failed conventlonal therapy haa btlen Initiated. oosaa 
{mglm'/dJ ol seo x 7. 360 ll 10, and 720 x 10 have been studied. The current 
do1111 ls 900 mg/m1/d x fO. ToJd(jfles on the llrsl 2 courses at doses up ro 720 
mg/~ld x 10 have been mild (ltl8ldmum grade II). (lrade II toxlcilles have 
Included teucapenia. muaosltia, l~gue, skin rash and constipation. The MTD 

• nu not been rea.ched. 
Ph11ma !Mis llave been eval1Jatecl In patients at steady stale alld past· 

infusion by a validated, rcW&rsa phase, lsocratlc HPl.C m&tfiod Wilh UV detec
tion at 27 s run. In lhe fl rat 5 pts atudied (211t 3eo ~ 7, 2 al ae.o x i o and 1 at 120 
x 10), C,. ranged trorn 1.& 10 3.6 pg.ml"', meen t,,. was 2.!5 :I: 0.9 h, plaama 
clearance was 8.H1 .31..h"'' and AUC was 338-720 µg.rnl-1 ,h. 

A ten day C.I. cf AG337 ls well tolerated up to doses ol 720 mg/m2/d, {7 .2 g/ 
m•tcaurse), a larger dose/cour&e than that tolerated wllh a 5d C.I. PreUmlnaiy 
pharmacoklnelics lndlcata wide interp111fent variability bl.II Htlle lntrapatlenharl· 
abillty In c.,. 'the 1t11dy is ongoing, With oomptetlOn anllclpe.ted by February 
1996. 

85 

Sandoz Inc. 
Exhibit 1002-00795 

Teva 
Exhibit 1002-00795

Teva – Fresenius 
Exhibit 1002-00795



' ~ STRATEGIC BALANCING OF PATENT AND FDA APPROVAL 
PROCESSES TO MAXIMIZE MARKET EXCLUSIVITY 
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ABSTRACT 

The patentability of products is essential in the 
biotechnology field, for limited market exclusivity 
compensates biotech companies ' investments in 
research and development. The biotechnology 
field also uniquely faces F edera/ Drug 
Administration (FDA) approval, which includes 
considerable additional expense and time issues a 
biotech company must address. Although 
balancing the patent and FDA approval processes 
may be complex, various strategies of patent 
extension, of accelerating approval processes, 
and of prolonging generic drug companies ' 
market entry can yield higher profit returns and 
maximize value company value. 

Key Words - United States Patent and 
Trademark Office (USPTO), Federal Drug 
Administration (FDA), biopharmaceuticals, FDA 
clinical studies, New Drug Application (NDA), 
market exclusivity, generic market entry, 
Abbreviated New Drug Application (ANDA), 
patent term extensions, accelerated approval 
process. 

I. INTRODUCTION 

Biotechnology startups and their investors are 
primarily concerned with optimizing the value of 
the company. A company's value can be 
measured by the quality and lifetime of its patents. 
Longer patent tenns produce longer market 
exclusivity, which consequentially leads to 
increased profits and value. Patents are crucial to 
protect a company's ideas while FDA approval is 
necessary to legally market their products. This 
article addresses and outlines strategies to extend 
patent terms and maximize market exclusivity 
while addressing FDA timing considerations. 

JAMES T. HUIE 
Fernandez & Associates L.L.P. 
1047 El Camino Real, Suite 201 

Menlo Park, CA 94025 
jhuie@scu.edu 

II. OVERVIEW OF PATENT AND FDA 
APPROVAL PERIODS 

2.1 Patent Approval process 

The average prosecution time for a US patent is 
3.4 years while the average biotech patent is 4.4 
years. Patents require novelty, utility, and 
unobviousness. If the patent is granted by the 
United States Patent and Trademark Office 
(USPTO), then a 20-year monopoly is granted to 
the inventor in exchange for public disclosure of 
the invention. 

2.2 Preclinical Studies 

Preclinical studies offer predictions and provide 
safety data for initial studies in humans. 
Researchers use in vitro studies and animals with 
analogous genetic structure, pharrnacodynamic 
responses, metabolic profiles, cellular receptor 
interactions, and general physiology to humans. 
Preclinical studies vary on a case by case basis, 
depending on the complexity and success of initial 
research. 

2.3 Federal Drug Administration Awroval 
Process 

Federal Drug Administration (FDA) approval 
usually requires 10 to 12 years of development 
and I 00 - 500 million dollars in development 
costs. The FDA approval period is split between 
the clinical trials and New Drug Application 
(NDA) approval. During the clinical trials, the 
FDA uses test populations to study safety, dosage, 
pbannacologic and metabolic effects, potential 
side effects, and effectiveness of the product. The 
NDA process then comprehensively analyzes the 
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preclinical and clinical reports, applying a risk
benefit analysis to determine if the product will 
benefit the public at large. 

III. PROPER TIMING OF USPTO AND FDA 
FILINGS TO MAXIMIZE MARKET 
EXCLUSIVITY 

Large expenses accumulate throughout research, 
development, and FDA approval of a particular 
biotech product. A longer patent term provides 
extended market exclusivity, which allows a 
company to recover its expenses and produce 
profits. Every day of market exclusivity is a 
potential profit for a pioneering company because 
generic drug companies capture 57.6% market 
share upon entering the market. Therefore 
expedient and efficient USPTO and FDA approval 
is necessary to maximize company profits. 
See Figure 1 

3.1 Beginning with Preclinical Studies 

After the initial idea, preclinical studies should be 
the first step in the USPTO/FDA processes. 
Biotech patents regularly require experimental 
evidence to satisfy the utility requirement. 
Although researchers can concurrently conduct 
preclinical studies during patent approval process, 
basic in vitro and animal testing effectively 
support the patent claims. Regarding the FDA, 
preclinical studies are the rate limiting step for 
later FDA clinical development because clinical 
trials cannot begin until there are sufficient 
extrapolation predictions for human testing. 
Therefore, preclinical studies should be preformed 
as soon as possible to expedite the FDA and 
USPTO processes. 

3.2 Filing Patent with USPTO 

The largest obstacle for patent applications is the 
utility requirement. Occasionally an application's 
utility may not be clear enough without FDA 
approval. Therefore it is good practice to 
emphasize practical functionality in the 
application, along with substantial preclinical 
evidence. 

Nevertheless patent approval strategically 
should come before FDA trials in view of certain 

considerations. If the innovating company begins 
FDA process before USPTO filing, then it runs 
the risk of another company patenting the 
invention before them. Consequently the 
innovating company would have to license the 
biopharmaceutical, losing royalties, market 
exclusivity, and company value; or would have to 
abandon the FDA process and forfeit millions 
spent in research and development. Even if the 
another company does not patent the 
biopharrnaceutical, the innovating company must 
be careful not to disclose the invention, otherwise 
it has one year to file the patent before it becomes 
property of the public domain (internationally, the 
patent application must be filed before disclosure). 
Furthermore, issued patents drive FDA approval, 
speeding up the process. Finally, filing patent 
applications and receiving approved patents will 
attract investors that will provide the necessary 
capital to fund the costly FDA clinical trials. 

3.3 Publication oflnnovation 

In addition to in vitro and animal data, safety 
measures, and predicted dosage, the FDA requires 
demonstration through review of scientific 
literature before FDA clinical trials can begin. As 
mentioned above, the required publication by the 
FDA should be disclosed after the patent has been 
filed, or the company runs the risk of missing the 
one-year deadline for patentability. 

3.4 Initiating the FDA Ao.proval Process after the 
Patent Issues and after Preclinical Studies 

It is advantageous to immediately begin FDA 
clinical trials immediately after patent prosecution 
with the USPTO and preclinical studies have 
commenced. However a complex issue is to 
accurately time preclinical studies to end before or 
concurrently with patent issuance. Each day 
preclinical studies extend past the issuance date, 
FDA approval is potentially delayed and the 
innovating company loses opportunity to exercise 
market exclusivity. 

3.5 Asserting Market Exclusivity after FDA 
Approval 

Once the FDA has approved the 
biopharmaceutical for US consumers, the 
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innovating company enjoys market exclusivity for 
the rest of its patent term. Strategically written 
patents will effectively and efficiently protect 
against product infringement by other companies. 
Including capturing exclusive profits from their 
product, the innovating company should build 
reliance on its products to secure its market share 
once the patent term ends. 

IV. EXTENDING THE PATENT TERM AND 
MARKET EXCLUSIVITY AFTER THE 
PATENT TERM ENDS 

Once the patent term ends, the innovating 
company loses its market exclusivity privilege as 
generic manufactures enter the market. There 
however are processes to extend the life of a 
patent term through "patent term restoration." 
Additionally, the innovating company still enjoys 
market exclusivity while generic manufactures 
undergo their required FDA approval process. 
Finally, there are strategic defenses delay generic 
market entry. The methods to increase market 
exclusivity are crucial to maximizing overall 
profits. 

4.1 Patent Term Restoration 

The USPTO grants patent extensions to 
compensate for delays in USPTO examinations 
and prosecution that extend past three years. Thus 
the average 1.4 years past the three year mark 
during prosecution may be tacked onto the 20 year 
patent term. 

Another method of patent extension, due 
to the FDA approval process, is under the Drug 
Price Competition and Patent Term Restoration 
Act of 1984, also known as the Hatch-Watchman 
Act. The act provides a maximum 5-year 
extension, and is limited to a 14-year term from 
the time of FDA approval. The calculation of 
extension is complex and depends on patent 
prosecution and approval factors. 

4.2 Blocking Generic Manufacturers' ANDA's 

After the innovating company's patent term 
expires, generic companies can begin their FDA 
approval process on their generic drug equivalent. 
While the innovating company's FDA approval 

took 10- 12 years, the Hatch-Waxman Act allows 
generic companies to use the Abbreviated New 
Drug Approval (ANDA) process to gain approval 
within six months. 

The requirements for a generic company 
to file an ANDA application are they must 1) 
show that the proposed generic drug is the same 
as, or bioequivalent to, an FDA approved drug; 2) 
certify that the approved drug was protected by a 
patent; and 3) the applicant does not use a method 
of producing the proposed generic drug that is 
protected by a "method of production" patent. 

Because a "production method" patent 
can be separate from a "drug composition" patent, 
a tactful patent strategy is to file the production 
method patent a few years after filing the 
composition patent. Therefore although the 
composition would be public domain, the 
production method's term would still be running 
and thus be protected. Put simply, a generic has 
access to the product itself, but does not have 
rights to produce the product according to the 
patented method. This strategy is even more 
effective with hiopharmaceuticals than with 
traditional chemical pharmaceuticals because of 
the complexity of macromolecules. While there 
may be more than one method to synthesize a 
chemical compound, allowing competitors to 
design around the method of production patent, it 
is difficult to engineer around complex 
microbiological systems. Thus, a delayed 
production method patent can extend market 
exclusivity of a biopharmaceutical by protecting 
its production."' 

4.3 Delay Through the "Metabolite Defense" 

The "metabolite defense" can be used to stall 
generic market entry. Metabolites are the 
metabolized derivatives of the original structure, 
formed after being introduced into and processed 
by the body. The strategy is to file patents for the 
metabolites in years subsequent to the filing date 
of the main patent. Once the generic version is 
marketed, the innovating company holding the 
metabolite patent can bring a patent infringement 
claim against generic company because the 
generic company will be making products that 
inevitably become infringing products once 
digested by consumers. While the metabolite 
defense has never actually prevailed in court, the 
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litigated dispute can delay the generics' market 
entry for up to six months. This extended market 
exclusivity leads to increased profits by the 
innovating company. 

4.4 Delay Through Raising "Citizen Petitions" 

Similar to raising the metabolite defense in court, 
an innovating company can file a "citizen 
petition" with the FDA, which raises safety 
objections with the particular biopharmaceutical. 
Although the majority of petitions are rejected by 
the FDA or withdrawn by companies, the petition 
delays the FDA review staff from and generic 
market entry for 6 months or more. 

V. AVENUES TO ACCELERATE THE 
INNOVATING COMPANY'S MARKET 
ENTRY THROUGH USPTO AND FDA 
EXCEPTIONS 

5.1 USPTO Petition to "Make Special" 

One procedure to shorten the USPTO process is to 
make the application .. special," in which the 
USPTO examiner will process the special patent 
application before all other categories of 
applications. The USPTO provides special 
provisions for biotech inventions that allow a 
biotech patent to have "special" status. To qualify 
for a petition to make special, the company must 
be a ''small entity," which is a company with 
fewer than 501 employees or a nonprofit 
organization. The petition must also state that the 
patent applicant's technology will be significantly 
impaired if a patent examination is delayed. If the 
situation calls for special status, the FDA approval 
process can be started earlier and can result in 
extended market exclusivity. 

5.2 FDA's "Well Characterized" 
Biological/Biotech Products 

The FDA can assign a biopharmaceutical as a 
"well characterized" biotech product if its identity, 
purity, potency, and quality can be substantially 
determined and controlled. This status allows a 
company to alter its manufacturing technologies 
as long as it can produce the same product. In the 
past, a company had to establish a fully developed 
process for the product before clinical trials could 

begin, and if it wanted to change its process it 
would have to repeat clinical trials again. 
However with a well characterized biotech 
product, a company can immediately begin FDA 
clinical trials once it has the product and improve 
the manufacturing process at a later date. 

5.3 FDA's "Expanded Access" Exception 

Using Treatment-IND and "compassionate use" 
single-patient protocols, companies can market 
unapproved therapies that are undergoing clinical 
trials when no satisfactory alternatives are 
available. If the product is appropriate for the 
healthcare environment, marketing products 
concurrently with FDA clinical trials can 
significantly increase profits. 

5.4 FDA's "Accelerated Approval" Process 

The "accelerated approval" process allows 
marketing products to patients with serious or life
threatening conditions. A biopharmaceutical's 
approval may be accelerated if there are adequate 
and well-controlled clinical trials that ascertain the 
biophannaceutical's clinical outcome will provide 
a considerable therapeutic benefit over existing 
therapies. 

VI. UNIQUE EXAMPLES OF HOW 
PHARMAGENOMIC INVENTIONS 
RELATE TO USPTO AND FDA TIMELINES 

6.1 Systems Biology 

Systems biology currently is in the initial stages of 
biotechnology converging with information 
technology software. The systems biology field 
primarily deals with programmable software for 
analyzing biological interactions and structures. 
Because the software processing does not directly 
affect the human body, system biology inventions 
would not have to go through the FDA approval 
process. It would however have to go through the 
standard patent approval process. 

6.2 Biosensors 

As a concept, biosensors can be broadly defined 
as a sensor to detect biological activity at either 
molecular or macroscopic levels. As technology 
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advances, biosensors are being used in 
microarrays to monitor hybridization or can be 
implanted in vivo. FDA examination is only 
necessary if the biosensor it will directly affect a 
human system. If a biosensor is used for in vitro 
research, it will not have to undergo FDA 
approval. 

6.3 Future Integration ofBioinformatics into FDA 
Trials 

In the near future, bioinfonnatics will efficiently 
speed up FDA clinical trials. Industry reports 
predict cutting out about 4 years from the FDA 
approval process. Establishing an FDA 
bioinfonnatics infrastructure will potentially lead 
to many subtle implications, such as how the 
Hatch-Waxman's 14-year limit will adjust to the 
shorter FDA process. Nevertheless, the increased 
period of market exclusivity will be an incentive 
to develop new therapies. 

Along with cutting approval time, 
discovery and development costs are predicted to 
decrease by $137 million dollars per drug. This 
will likewise provide further incentives for drug 
companies to attempt to bring new therapies to the 
marketplace. 

VII. CONCLUSION 

There are multiple opportunities and strategies to 
increase market exclusivity for a patent's term. 
There are also many possible pitfalls in evaluating 
the USPTO and FDA timelines. Timing is critical 
for the economic fate of small biotech companies 
developing novel therapies. A diligent and 
detailed patent prosecution team is necessary to 
balance the multiple USPTO and FDA concerns, 
while maximizing the opportunities to extend 
patent terms and market exclusivity. 

* The passage of Greater Access to Affordable 
Pharmaceuticals Act (GAAP A) is still pending, 
which would strike out the third requirement for 
ANDA filing and eliminate the use of the ANDA 
blocking strategy mentioned above. Furthermore 
passage of this act would introduce a 30-day 
deadline to register patents with the FDA after 
approval, or be barred from civil actions for patent 
infringements. It is important that for a company 
to work with a patent prosecution team that is 
aware of the most current implications of statutory 
and judicial implications. 
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LOSS OF PATENT RIGHTS -

"EXPERIMENTAL USE" VS. ON-SALE BAR/PUBLIC USE 

Patents are often one of the most important assets a company possesses. The 

timing of patent filings is a crucial consideration for companies as new products are 

developed. Uniquely, the United States patent laws provide for a "first to invent" system 

(rather then a "first to file" system as in most foreign countries) and a one year grace 

period for a patent filing from the date of first public use or sale of the invention. 

Despite the costs associated with bringing a new drug product to market and the 

consequences if the patents protecting that new drug product are later determined in 

litigation to be invalid, in many cases too little consideration is paid to events which take 

place during product development and the potential catastrophic results if a patent 

strategy has not been implemented to address those events. 

One situation which consistently arises is the tension between presenting data in 

scientific conferences and/or publishing the same to promote scientific achievements or 

to enhance prospects of raising capital, and the potential loss of patent rights as a result of 

doing so. Activities seemingly as innocent as running clinical studies in support of a 

potential FDA filing can have far-reaching implications on the ability to obtain patent 

coverage encompassing the results of such testing, if sufficient care and attention is not 

paid to the development, timing and implementation of a patent strategy. The impact of 

clinical studies which occur more than one year prior to the filing date of patent 

applications may become a focal point concerning the validity of resulting patents 

particularly in view of a recent court decision. Activities seemingly as innocent as 

seeking a partner to commercialize a drug product may have similar implications, in 

certain situations. The issue to be considered is when those activities took place in 

comparison to when patent applications were filed. 
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1.1 What is the Law? 

A patent claim is not valid if "the invention was ... in public use or on sale in this 

country, more than one year prior to the date of the application for patent in the United 

States". 35 US.C. §J02(b). The fact that, e.g., the use was an experimental use, may be 

deemed by a court to negate public use in certain circumstances, but that experimental 

use must be deemed by the court to have perfected a feature in the patent claim(s) in 

question, or to have improved or verified a feature of the invention which is inherent that 

that claim(s). Recent court decisions confirm the fact that the one year grace period 

should not be relied on whenever possible, and certainly that activities that might be 

considered by the inventor and/or the assignee of the invention (hereinafter collectively 

referred to as "the inventive entity") to fall within exemptions to the § 102(b) statutory bar 

need to be carefully scrutinized because such activities may later be deemed by a U.S. 

federal court to invalidate patent claims covering the invention. 

The test which is now applied by the courts concerning whether an invention was 

in public use or on sale was set forth by the U.S. Supreme Court in Pfaff v. Wells 

Electronics, Inc., 525 U.S. 55 (1998). The test articulated in Pfaff is whether, prior to the 

critical date (i.e., one year prior to the original filing date of the U.S. application), the 

claimed invention (i) was the subject of a commercial sale or offer for sale, or was 

publicly used by a person other then the inventor who is under no confidentiality 

obligation; and (ii) was ready for patenting. 

The Pfaff court decision did not elaborate on what was meant by "a commercial 

offer for sale" (the first prong of its test), as it was clear in that case that a commercial 

offer had been made and accepted. In applying the ruling in Pfaff, the courts have 

generally construed that requirement to mean that the offer must meet the level of an 

offer for sale in the contract sense, to be analyzed under the law of contracts as generally 

understood. Group One Ltd. v. Hallmark Cards, Inc., 254 F. 3d 1041 (Fed. Cir. 2001). It 

has further been construed to mean that activity which does not arise to the level of a 
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formal offer under contract law principles does not constitute a commercial offer for sale 

under Pfaff. 

With respect to the second prong of the § 102(b) bar test articulated in Pfaff, the 

Supreme Court in that case stated that the "ready for patenting" test may be satisfied in at 

least two ways: by proof of reduction to practice before the critical date; or by proof that 

prior to the critical date the inventor had prepared drawings or other descriptions of the 

invention that were sufficiently specific to enable a person skilled in the art to practice 

the invention. 

The federal courts have now had an opportunity to apply the holding in Pfaff in a 

number of important pharmaceutical litigations, discussed below. 

Clinical Trials May Constitute Invalidated Public Use 

Recently, the Court of Appeals for the Federal Circuit ("CAFC") held that the 

clinical testing of a drug product does not qualify as an experimental use to negate the 

§102(b) bar where the tests were conducted to determine safety and efficacy, and did not 

involve the claimed features of the invention. SmithK/ine Beecham v. Apotex, 365 F. 3d 

1306 (Fed. Cir. 2004)1
• In this case, the United States District Court for the Northern 

District of Illinois considered whether claim 1 of U.S. Patent No. 4,721,723 (the '723 

patent) owned by SmithKline would be infringed by Apotex' generic product. Claim 1 of 

the '723 patent recited in its entirety "crystalline paroxetine hydrocholoride 

hemihydrate." Following a bench trial, the court determined that the paroxetine 

hydrochloride anhydrate product produced by Apotex will not infringe claim 1. On 

appeal, the CAFC reversed the lower court's decision concerning non-infringement, but 

nevertheless determined that there was a public use bar under 35 U.S.C. §102(b) which 

rendered claim 1 of the '723 patent invalid. 

1 Decided April 23, 2004. 
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The pertinent facts considered on appeal are as follows. In May 1985, 

SmithKline began double-blind clinical trials in the United States to determine the safety 

and efficacy of paroxetine hydrochloride ("PHC") hemihydrate capsules to treat 

depression symptoms. These clinical trials occurred more than one year before 

SmithKline's October 23, 1985 filing date for the '723 patent. The CAFC determined 

that those clinical trials constituted a public use of the invention. 2 The CAFC then 

considered whether those tests qualified for the experimental use negation of the statutory 

public use bar. The CAFC determined that the claim on appeal (claim 1 ), which simply 

read "crystalline paroxetine hydrochloride hemihydrate," embraced the compound itself, 

without any further limitation regarding efficacy, commercial use, or pharmaceutical 

viability. Id. at 16. Consequently, the court found that the clinical tests in question 

(which measured the efficacy and safety of the compound as an antidepressant) did not 

involve testing concerning the claimed features of the invention, and concluded that the 

1985 clinical tests did not qualify as an experimental use to negate the statutory bar, as 

these tests did not perfect a claimed feature of claim 1, nor did the testing improve or 

verify a feature of claim I. Id. at 34. Mentioning the fact that only claim 1 was before it 

on appeal, the court also provided some insight into how the these same clinical trials 

might have met the experimental use negation of the §102(b) bar with respect to 

inventions claimed in the more specific claims of the '723 patent. Clearly, the court was 

hinting that claim 5 (which called for the pharmaceutical composition to have an 

"effective anti-depressant amount" of the hemihydrate) and claim 6 (which was a method 

of treatment of depression by administering the hemihydrate) might have met a different 

fate, because the language of those claims might be sufficiently connected to efficacy 

such that the clinical efficacy testing would have qualified for the experimental use 

negation of the § 102(b) bar. 

2 The Pfa.fJCourt did not address the question of when a use is "public." The CAFC in SmithKline made 
the express assumption that the clinical trials were subject to satisfactory controls based on them by 
SmithKiine, but nevertheless noted that the clinical trials were conducted without any apparent 
confidentiality restrictions on the patients or the administering physicians. This was an apparent nod to the 
CAFC's earlier decisions where it was stated that factors that are considered in detennining whether a use 
is experimental include the nature of the clinical trials; and whether the participants were placed under any 
limitation or obligation of confidentiality. See, e.g., Baker Oil Tools, Inc. v. Geo Vann, Inc., 828 F. 2d 
1158, 1564 (Fed. Cir. 1987); In re Brigance, 792 F. 2d 1103, 1107-08 (Fed. Cir. 1986). 
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The On-Sale Bar 

Consistently applied by the courts, it is not even necessary to any party to the use, 

sale or offer for sale recognize the patentable characteristics of the product at that time 

for the §102(b) bar to apply. For example, in Abbott Laboratories v. Geneva 

Pharmaceuticals, et al., 182 F. 3d 1315 (Fed. Cir. 1999)3
, Abbott sued Geneva 

Pharmaceuticals, Novopharm Limited, and Invamed, Inc., for infringement of its U.S. 

Patent No. 5,504,207 after each of these companies filed an abbreviated new drug 

application (ANDA) seeking approval to market a generic version Abbott's hypertensive 

drug drug product, Hytrin® ((terazosin hydrocholoride). Each of the generic products 

contained the Form IV anhydrate of Hytrin. Form IV was the subject matter of at least 

three commercial sales (the first prong of Pfaff) by a third party in the United States more 

then one year prior to the filing date of the '207 patent, and the CAFC held that the 

parties' ignorance to the fact that they were dealing with the Form IV anhydrate was 

irrelevant to meeting the commercial sale prong of Pfaff. The CAFC further held that it 

was clear that the invention was "ready for patenting" (the second prong of Pfaff) because 

the third party that had sold the Form IV had in turn bought the drug from two foreign 

manufacturers, who had already reduced it to practice. The court noted that there was no 

requirement that the sales offer specifically identify all the characteristics of an invention 

offered for sale or that the party recognizes the significance of all the characteristics at 

the time of the offer; if the product offered for sale inherently possesses each limitation of 

the claims, then the invention was "on sale." For these reasons, the CAFC affirmed the 

lower court's holding that the relevant claim of the ·207 patent was invalid. 

On the other hand, the CAFC has made it clear that only an offer which rises to 

the level of a commercial offer for sale in which the other party could make into a 

binding contract by simple acceptance constitutes an offer for sale under 102(b) which 

implicates the on-sale bar. In Etan Corporation, PLC, v. Andrx Pharmaceuticals, Inc., 

3 Rehearing denied and rehearing on En Banc declined August 5, 1999, reported at: 1999 U.S. APP. LEXIS 
19681; cert. denied January 19, 2000, reported at: 2000 U.S. LEXIS 169. 
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366 F. 3d 1336 (Fed. Cir. 2004)4
, Blan sued Andrx after Andrx submitted an ANDA 

seeking approval of a generic version ofElan's Naprelan® (once daily naproxen) 

formulation. More than the one year prior to Blan filing a patent application covering 

Naprelan, Blan had written letters to Lederle and other potential licensees offering to 

supply its once daily naproxen tablets. The issue before the court was whether Elan's 

letter to Lederle or any of its letters to potential licensees prior to the critical date 

contained "offers for sale". The CAFC held that the Lederle letter was not an offer to sell 

which implicated the § 102(b) bar because the letter was "clear on its face that Elan was 

not offering to sale naproxen tablets to Lederle, but rather was offering a license under 

the patent and offering Lederle the opportunity to become its partner in the clinical 

testing in the eventual marketing of such tablet at some indefinite time in the future." Id 

at 14. Important to the court was the fact that the letter to Lederle lacked any mention of 

quantities, time of delivery, place of delivery, or product specifications beyond the 

general statement that a potential product would be a 500 mg once-daily tablet containing 

naproxen. Also, important was the fact that the Lederle letter did not include a sales price 

for sale tablets but rather referred to a "licensee fee." Because the CAFC held that there 

was no offer for sale, the court did not address the "ready for patenting" prong of the on

sale bar test. 

Conclusion 

The impact of early clinical trials on later filed patents may additionally be felt in 

view of the urging by various groups (including the American Medial Association and 

the International Committee of Medical Journal Editors) that it be required that all U.S. 

clinical trials are entered into a registry at their start so as to ensure that all clinical trial 

data is made public. 5 The gamut of activities associated with clinical studies (the studies 

themselves, presentation at scientific meetings, publication of articles and registry of the 

same), as well as other pre-commercialization activities (such as seeking marketing 

4 Decided May 5, 2004. 
5 Merck has now announced that it supports the idea of a government-run database. Other groups, such as 
the Pharmaceutical Research and Manufacturers Association of America, have expressed concerns (such as 
the risk of disclosing proprietary infonnation to competitors, and whether the requirements would include 
not just drug makers, but also researchers who conduct drug tests). 
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partners, licensees, etc.) talcing place prior to the filing of patent applications should be 

carefully considered in order to ensure compliance with 35 U.S.C. §102(b). Since the 

courts have focused on features of the patent claims with respect to § 102(b) bar issues, 

patent claim strategies and patent filings should be developed early and matched with 

critical development dates in order to avoid a possible loss of patent rights. 

By: Cliff Davidson, Esq. 
Davidson, Davidson & Kappel, LLC 
485 Seventh Avenue, New York, NY 10018 
Telephone: (212) 736-1940 
Facsimile: (212) 736-2427 
Email: cdavidson@ddkpatent.com 
www.ddkpatent.com 
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Anti metabolites 

10.3 Anti metabolites 

Antimetabolites competitively displace natural metabolism units (metabolites) or 

blocking enzymes and thus inhibit the metabolism and cell growth. Their action is 

substantially non-specific, i.e. the metabolism of all rapidly dividing cells is equally 

affected. For this reason antimetabolites are highly toxic, which substantially limits 

their use. 

10.3.1. Folic acid antagonists 

By a slight chemical modification of the folic acid, folic acid antagonists were 

obtained which have a substantially higher affinity to dihydrofolic acid reductase than 

folic acid itself and thus prevent the transfer of one-carbon fragments (see page 

388). The consequence is a disturbed nucleic acid synthesis. 

Aminopterin and Methotrexate were introduced into the therapy, of which 

aminopterin already had to be withdrawn from trade again. 

Folic acid (citrovorum factor, Leucovorin®), but not folic acid, is an effective antidote. 

Methotrexate (Methotrexate Bristol, Methotrexate "Lederle", Methotrexate Rhone

Poulenc) is preferably used in acute leukaemias, chorioepithelioma and various 

carcinomas, also in auto-immune diseases (see page 656). 

The dosing to a high degree depends on the regimen. In the high doses sometimes 

used nowadays (1-20g) it is assumed that firstly the tumour cells are influenced by 

methotrexate and other body cells only later and it is thereby possible by timely 

administration of the antidote citrovorum factor to save the body cells from 

destruction (so-called citrovorum factor rescue). 
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The antineoplastic effect of such excessive methotrexate administrations is based on 

the fact that methotrexate in a high intercellular concentration is also then able to 

inhibit the low affine dihydrofolate reductase responsible for the resistance 

development. 

10.3.2. Antagonists of purine and pyrimidine bases 

Mercaptopurine and tioguanin belong to the purine analogues and fluorouracil and 

cytarabine belong to the pyrimidine analogues. 

Mercaptopurine (6-mercaptopurine, Puri-Nethol®) can either be understood as an 

adenine or hypoxanthine analogue (replacement of the NH2- of the adenine or the 

OH- group of the hypoxanthine by an SH- group). It works as a competitive inhibitor 

in purine biosynthesis. The intercellular active form is 6-mercaptopurine-

ribonucleotide. By inhibiting various enzymes, inter alia adenylosuccinate 

synthetase and phosphoribosylpyrophosphate amido transferase, the ....... 
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684 Cytostatic Drugs 

Table 21-1. Important Indications and Side Effects of Cytostatic Drugs 

Cytostatic Drug Main Indications General Side Special Side 

Effects Effects 

a) lost derivatives lymphosarcoma, early reactions: local intolerance 

lymphatic and • nausea, vomiting damage to the 

myeloid leukaemia, • fever efferent urinary 

Hodgkin's Disease, • shivering or tracts (all) 

solid tumours of sweating mental disorders 

various organs, • abnormal fatigue (ifosfamide) 

particularly ovarian, • general lack of cardiac insufficiency 

breast and bronchial wellbeing ( cyclophosphamide) 

carcinoma gynecomastia 

( estramustine) 

b) ethylanamines similar to N-lost mental disorders, 

derivatives, disorder of the erythrodermia 

retinoblastoma haematopoiesis: 
c) alkyl sulfonate • anaemia 

• granulocytopenia 
busulfan leukaemia • lymphopenia liver damage 

• thrombopenia 
treosulfan ovarian tumours 

d) nitrosourea derivatives similar to N-lost functional disorders 

derivatives, brain immune suppression of the CNS, the 

tumours (lomustine), kidneys and the 

melanoma, liver, lung fibrosis 

malignant 

melanoma disorder of the 
(carmustine), regeneration of the 
prostate carcinoma 
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( estramustine) intestinal epithelium: 

e) cisplatin solid tumours of • aregeneratory Irreversible kidney 

carboplatin various organs enteropathy damage, cardiac-

• stomatitis circulatory and 

• enteritis electrolyte 

• proctitis metabolic disorders, 

• malabsorption peripheral 

neuropathies, 

hearing loss, sight 

disorders 

f) dacarbazine melanoma, hair growth disorder liver vein closure, 

sarcoma, lymphoma 'flu-like' symptoms, 

local intolerance, 

venous irritation 

g) procarbazine lymphoma disorder of mental disorders, 

spermatogenesis MAO inhibition, 

and follicle alcohol intolerance, 

maturation irreversible infertility 

h) mitomycin solid tumours of (ovulation) liver damage, 

various organs kidney damage, 

lung damage 

i) dactinomycin rhabdomyosarcoma, local tissue damage 

Wilms' tumour, disorder of 

chorioepithelioma, embryonic and foetal 

amongst others growth 

j) anthracyclines leukaemia hyperuricemia cardiomyopathy; 

arrhythmia, heart 

failure, glycoside-
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refractory 

myocardial failure 

(lethality 50%) 

daunorubicin 

aclarubicin 

idarubicin 

doxorubicin leukaemia, 

epirubicin malignant 

lymphoma, solid 

tumours of various 

organs 

k) amsacrine lymphatic and functional disorders 

myelous leukaemia of the CNS, heart 

and liver, eye 

damage 

I) mitoxantrone leukaemia, cardiomyopathy 

malignant 

lymphoma, breast 

carcinoma 

m) methotrexate lymphatic and liver and kidney 

myeloid leukaemia, function disorders, 

chorioepithelioma, lung function 

solid tumours of disorders, 

various organs, osteoporosis 

mycosis fungoides, 

psoriasis, non-

Hodgkin's 

lymphoma 
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UDK 615277.3:577.184.16! 

Z.P. SOF'YLV4, 1\~ J< Aff>1SLS'HCHEVA, F.fi. ARSENY4l~l, .A.M: YlJR.KEl'1CH 

POSSIBILITY OF POTENTIATING ANTINEOPLASTIC ACTION OF 
FOLIC ACID ANTAGONIST BY METHYLCOBALAMINE ANALOGUES 

CfJncer Re.wmrch Center, 
Academy f!{ Medical Sdeurns (A.MA), VSSR, it-Jose ow 

Stirnulating effect of cyanocoba!amine on the growth of transplantable trnnors in different 
types of animals (Rous chicken sarcoma,. fibrosarcoma PW-2, sarcoma 45 and CCK in rats, 
Heren 's carcinoma,. sarcoma 180 and lyrnphosarcoma in mice) as \vell as \veakening of the 
therapeutic effect of selected antitumor drugs \Vhen used in combination \'Vith vitamin B- l 2, as 
obst~rved in the earlier studies, ;:u·e caused by active biosynthesis of its coenzy111es inside the 
animals' body. The assess1nent of the functional role of rnethykobalarnine (one of the 
cobalamine coenzymes involved in the processes of growth of nom1al a11d tumor cells) attracts 
the most attention. 

Methylcobahnnine is a coenzyme of inethionine synthetase reaction, which is a key link 
determining the synergism of cobalamines and fblic acid compounds activity in the cellular 
proliferation processes. The special significance of n:iethykoha!amine for activation of this 
enzyme system \Vas noted as a result of studying the deranged cobalamine exchanges in cases of 
huma11 leucoses. Lo\v efficiency of combined cytostatic therapy during certain forms of acute 
leucosis, proceeding \Vit.h high blood concentrntions of methylcobalamine, confirmed the 
specificity of its effect inside the body (N. V. A.-lyasishcheva et a L, 1969). At present, the active 
role of methykoba!amine in the processes of cellular proliferation of hematogenic tissue in 
healthy animals. Under the effect of methykoha!amine., the nmnber of DNA.-synt11esizing ceHs in 
the spleen of mice as well as their mitotic activity and the proliforative pool value increase (O.D. 
Golenko et aL). The combined administration of methykobalamine and endogenic blastomogens 
was found to cause significant increase in frequency of developing hemoblastoses in mice. The 
important element of the mechanism of stimulating action of cobalamines consists in their 
inducing dTect on methionine synthetase activity In the normal mammalian eel! and human 
tumor cell cultures, methionine synthetase activity increases noticeably as the cobalarnine 
content in the culturing medium goes up (Mangum et al.; Kamely et al.). Tumor cells of various 
types, hmvever, differ fro1n normal cells by their ability to potentiate methionine synthesis, 
required during intensive growth, under the effect of cobalamines (Halpern et aL; Chello and 
Bertino). The cobalamine¥dependent methionine synthetase based rescue path likely represents 
the principal mechanism of developing leucotic cells tolerance tmvards methotrexate (rvff X) by 
providing increase in the intracellular pool of tetrahydrofolic acid independent of the folate 
reductase system (N.V. l'vlyasishcheva; Sauer and Jaenicke). 

Therefr)re, it is realistic to expect potent.iation of the antitumor effect of this rnetabolite hy 
combining its application \.Vith cobalamine coenzyme antagonists. Understanding the mechanism 
of rnbalamine effect laid the ground for targeted synthesis of rnethy!cohalamine analogues and 
their testing as potential antitumor compounds. 

In the chemotherapeutic experiments., dit1uoro-chloromethykobalamine and 
methylc.obalamine chloropaHadate have been studied, \vhich demonstrated activity during in 
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vitro studies in suppressing the gmwth of bacterial cells as \Veil as inhibiting DN/\ synthesis in 
the human embryonic fibroblasts culture (N.V. i:vlyas1shcheva et aL, 1977). 

When developing the scheme of combined treatment, the follo\ving main aspects of 
physiological action of cobalamines inside the body were considered: control over delivery of 
the folic acid compounds to the cells and fi:ilate coenzyme formation, as well as intensity of 
coba1amine absorption by the tumor cells (Burke et aL; Tisman and Herbert; Floodh and 
Ullbegr). Based on this, one could have expected to see the selectivity of action of the studied 
compounds as ""''di as a possibllity of a decrease in activity of cobalarnine-dependent enzyme 
inside the body. }fowever, 1t vrns hard to expect a significant effect as a result of isolated 
application thereof. Therefore, it \Vas important fbr us to evaluate the aiititunmr effect of these 
compounds against inhibition of dehydrofolate reductase activity using iv!TX. 

tvl a t e r i a l s a n d m c th o d s. The studies \Vere conducted using mice of the fo!!O\ving lines: 
C:-7BL, CBA, BALB/c as well as hybrids BDh/C.\,BL" DBA(2), \veighing 20-25 g, obtained from the 
nursery of the USSR Academy of tvkdical Sciences (AlVIN), Antitumor activity of methykobalaminc 
analogues was studied using transplantable leucoses L-12 .l 0 and La, as \vell as solid tumors: 
adcnocarcinoma of the rnammary gland (Ca-755), carcinoma of the uterine cervix (CUC-5) and 
carcinoma of the intestine (AC/\TOL). V./e have chosen solid rumors as the main object of investigation, 
since it is easier to establish a stimulating effect of methylcobafamine using these tumors as compared to 
the kucosis modds L-1210 and La in mice, \~vi.th high proliforative pool and quite short life span of the 
animals. 

rvkthykohaJamine (CH,Cbl) and difluor(H::hloromcthylcoba!a1:nine (CFzCICbl) \Vere obtained using a 
kno\vn method (Wood ct al., 1968) modified in the extraction section ("{e.l'vf. Tachkova ct aL). 

J\fothykobalamint~ chloropalladnte (fvietCbl•PdCh) 1.v;:ls sy11thesized using Ye.G. Chauser's 
method. 1vlethykobalamine was administered intramuscularly in the <lose of IO pg/kg t\vice over the 
course of treatment with the interval of 96 hours, CF;{'lCbl vvas adrninistered on a daily basis 
subcutaneously in the dose of 500 mgikg instantly or t\vice a day in the dose of 250 mg/kg for five days. 
Poorly soluble methykohalamine chloropalladntc \vas administered pcrorally in 2'% starch suspension in 
the daily dose of 500 mg/kg for 5 da~/s or twice \Vith the interval of 96 hours. The daily dose \Vas 
administered instantly or at 250 mg/kg twice a day, i\1TX manufactured b.Y "Lcdcrlc" \'Vas used in the 
dose of lO mg/kg intraperitoneally ·with the interval of 96 hours. 

In our studies, the activity of cobalamine derivatives was studied not only in combination with JvJTX, 
but also with quinolinc derivative (NSC-1763 l 9): 

The compound \Vas obtained from the U.S. National Cancer Institute based on the CCll1aborntion 
agreement between USSR and USA in the field of tumor chemotherapy. According to the characteristics 
provided by the American scientists. the compound represents a methionine synthctasc inhibitor (Carter ct 
al.). Quinolinc derivative vlas applied intraperitoncally in the dose of 5 mg/kg daily or with the interval of 
96 hours, "vhich is n half of the maxirnum tolerable dose for utilized regime. The treatrnent began 48 
hours after tumor tnmsplantatioi:t The results of treatment \Vere evaluated 24 hours upon completion of 
the course of treannent as well as at different points throughout the life span of the animals. A percentage 
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of inhibition of the tumor gro\vth, calculated based on the conditional volume,, as \Vell as increase in life 
span of the animals ·were used as efficiency criteria. ln each of the tests, the control. and experimental 
groups \\'ere designed in such a way that their population provided statistical significance of the minimal 
accountable percentages of inhibition of tumor growth (50'}i.i) and increase in life span of mice (25'}<_,)_ 
According to the specified requircrncnts, the experimental groups consisted of 6 ··· l 0 mice, \vhile control 
groups induded 6 ~ 13 animals, depending on utilized tumor ::;train. 

Res u Its an d di s cuss i on. In the course of conducted studies it was fr)mld for the 
first time that methylcobalamine has a stimulating effect on the growth of transplantable tumors 
Ca-755, ACA.TOL, and to the lesser extent··· CUC-5 (Table 1 ), The maximum intensity of tumor 
grmvth under the effect of lnethylcobalamine was observed during transplantation of Ca-755 to 
hybrid mice BDF1 (180~··(1) as compared to the grO\vth of the same tumor in mice of the pure B::,1, 

IJ! line. The stimulation of tumor cell duplication occurred during the period of 
methylcohalamine administration; the maximum differem.:e in tumor size between the animals of 
the experimental a11d control groups \Vas observed directly upon completion of drug 
administration. Later on. the tmnor armvth in mice ad1ninistered with methvlcobalamine has . w ~ 

ski\ved d<nvn. In case of ACATOL transplantation to mice of different gender, the intensity of 
tumor Qrowth under the effect of metfrvkobalamine varied. The stinmlating action of the drug 

~· .... .... ...... 

was more pronounced in the male anifna!s (.see Table I). 
As expected, an isolated effect of methylcobalarnine analogues caused insignificant 

inhibition of the gro\vth of transplantable tumors Ca-755 and CUC-5, and only directly upon 
administration of the drugs (Table 2). 

During comparative evaluation, the maximum inhibiting activity vvas established \.vhen 
utilizing methykobalamine chloropalladate. The inh1b1tion efficiency of Ca-755 growth was 
more pronounced in hybrid mice BDFi as compared to B51Bl mice. As mentioned earlier, the 
stimulating action of methylcoha!amine \vas n:meh more pronounced specifically in BDFi mice. 
In this series of experiments, the life span of BDFi mice \Vith ademx:arcinmna of the n1mnmaxy 
gland, treated '"''ith CF2ClCbl and methykobalamine chloropailadate, increased hy 500.>\i (see 
Table 2L At the same time, no ACATOL growth inhibition effect was observed when 
administering methylcobalamine derivatives. A considerable difference \·vas frrnnd in the effect 
of methylcobalamine derivatives on the tumor depending on their application regime (see Table 
2). It is likely that in case of one~time administration of a large dose (500 mg/kg), a cllssoc.iation 
of the drng may occur foUowed by subsequent formation of the active fbnn stimulating t.he 
tumor grmvth, 

According to our assmnption, viil1en combining methylcobalmnine analogues with tvffX, 
their effect on the tumor increases (Ca-755, CUC-5; Table 3). An increase in antitumor effect as 
a result of combined treatment \vas observed directly aHer the drug adininistration, and 
specifically during the subsequent period: the percentage of tumor grmvth inhibition rernained. 
quite high \vhen there \Vas no more effect from :\"1TX along. 

In order to understand the possible operating n1echanism of rnethylcobalamine analogues in 
the animals' body, a comparative analysis was conducted to compare the growth of similar 
strains under condition of isolated effect of methionine synthetase inhibitor (quinoline 
derivative) and its combined effect with ~rrx. The inhib.ition of gn)\vth of Ca-755, CUC-5 and 
ACATOL increased depending on drug concentration. The drug affected Ca-755 n:iost 
effectively. \\/hen the dose \vas increased from 5 to 15 mg/kg, the inhibition of tumor gro\vth 
increased to 40 and 96%) respectively. 
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Table l. 

l\·lethykobalamine effed on the growth of selected transplantable tumors 

Tumor 

Ca¥755 C::Bl 
BDF 1 

ACATOL: 
females 

Drng dose, 
~.tg/kg 

10 
10 
10 

Drug administration schedule upon 
transplantation or tumor. days 

2"'i and 6'h 
2"..i and 6'1< 
2"..i and 6'1< 

Tumor growth upon drng 
administration, <~;;, vs, contrnl 
1 dav 7 days 14 davs 
+74 

..,..180 
+20 

+2! 
+65 
+23 

+37 

+23 
+10 
+31 

+33 
Not c. Here and in Tabks 2 ... 6, the "plus" sign dcn(1\cs stimulation oftmnor gro\vtl1. 

Tab I e 2. 
Antitumor effect of methykobahunine analogues 

Drug adminis- Inhibition of tumor grovnh. Jn crease 
Tumor Drug Drug tration schedule ';.·~~ vs. control in life 

dose, upon transplan- l day 7 days 15 day:; span of 
pg/kg tation of tumor, mice. 

days t\~ vs. 
control 

Ca-755 Dd1uoro-chlorometh y 1- 250 + 250 2"<! ... (,'!' 30 +:>: 54 
cobalaminc 250 ·f· 250 2'"l ... ()'l' 4"' 3S 0 16 ~~ 

CUC-5 (C'F2C!Cbl} 250 + 250 2ml ... ()<!' 0 0 0 0 
ACATOL 
Ca-755 Trichloromcthyl- 250 + 250 2'"1 ···6'l' 90 59 50 
(BDF:) cobalam!nc complex 500 2ml ... ()<!' !3 l.6 20 

\Vi th 250 ·f· 250 2ml ... ()<!' 8() ,., ., 
0 10 .... :) 

CUC-5 (l'vk:tCb•PdCl:i) 500 2'"1 ... (/l' +l30 +[ 5 +18 0 
ACATOL 250 + 250 2'"1 ... (/l' () 0 0 0 

Ho,vever, along with increase in drug dosage, there \Na.s a noticeable increase in its toxicity, 
For example, in case of leucosis strains L- t 2 l 0 and La, the most optirnal dose, based on our data, 
\ 0vas l 0 mg.ikg, V{hich resulted in 3-4 times increase in life span of the animals. In case of reduced 
dose, the drug treatment effect on mice \.vith leucoses was significantly lower, In case of solid 
tumors, no significant increase in life span of mice \Vas observed in our studies. In case of 
combined achninistrntion of the drug \vi th MTX even in lmv doses (5 rng/kg), a sumrnation of the 
effects \Vas observed, \Vhich confirmed the increase in tumor growth inhibition rate (Table 4). In 
case of delayed beginning of treatment of animals {day 8 after tumor transplantation) and daily 
adrninistration of the drugs for 5 days (5 mg/kg of quino!ine derivative; 2 mg/kg :\.ffX), the 
results \\'t~re even more demonstrative (Ca-755), ho\.vever, as a result of combined treatment, the 
overall toxicity increased as well (Table 5 ). 

Increase in tmnor grmvth inhibition rate as \.\rel! as in the hfo span of the animals was 
observed during combined treatment using .methykobalamine chloropaHadate a:nd quinoline 
derivative (NSC-176319; Table 6 ). Considering potentiation of MTX effect v.'ben used in 
combination \Vith methylcobalamine analogues and methionine symhetase inhibitor, \Ve have 
conducted combined treatment of mice \Vith Ca-755 using all 3 inhibitors: MTX, quinoline 
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derivative ai1d methykobalamine chloropalladate, which is the most active analogue of 
cobalamine coenzyrne (see Table 6). 

As a result of combined application of methionint~ synthetase and dehydrofolate reductase 
inhibitors, the antitmnor effect has increased significantly, especially in the long ter.m upon 
completion of treatrrn.~nt Under such conditions, 2 \Veeks after the drug administration \.vas 
complewd, tlK tumor gn.nvth inhibition rate '-Vas 85%,, \vhile in the groups of mice receiving each 
of the studied drugs individually or in cornbination of 2 drugs, no practical inhibition of tmnor 
gro\vth during these time pt~riods \Vas seen. Hmvever, it should be 11oted that at the same time the 
toxicity has increased as well. It vrns also established that the effect of drug combination changes 
significantly depending on the sequence of comhimmt administxation and tilne intervals between 
them. Thus, simultaneous administration of NSC-176319 and :tvfTX appeared to be significantly 
less toxic for the body, than administration thereof \.vith the tin1e interval of 3 hours, v.'hile the 
antitmnor effoct \Vas the same. 

Hence, the results of experimental studies support our assumption about a possibility of 
potentiation of antitmnor effect of !vlTX using rnethylcobalatnine aiialogues and rnethionine 
synthetase inhibitor. This opens up a nevv approach to therapeutic treatment of tumors using 
antagonists of the physiological regulator of folic acid com.pounds exchange inside the body. We 
have established an antitrnnor activity of cobalamine coenzyme antagonist. UO\vever, the activity 
of tlK studied met11y!cobalamine analogues blocking certain metabolic links is insufficient for 
complete and prolonged inhibition of tmnor grmvth. The antiturnor effect of coba!amine 
coenzyme analogues can be significantly potentiated by their combined applkation \.\tith lVITX 
Obtained experimental data suggests that it could be foasible to perform clinical trials to 
determine efficiency of such type of combinations. /\t present, our nmin task is to develop an 
optimal regime of con1bined tteatuient of tun10rs usiug specified drugs based on thorough 
analysis of the mechanisrn of their combined action inside the body·. 
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POSSIBILITY OF POTENTlATlNG ANTINEOPLASTIC .ACTION OF FOLIC ACID 
ANTAGONIST HY lVIETHYLCOBALAl\'llNE ANALOGUES 

Z.f\ S(?f'.vina. )\f. V kfyasishchn'a, F.G. Arsenyan. A.M Yurkevich 

S u m m a r y. The effect of methylcobalamine and its analogues (difluoro
chlorornethylcoba!amine ~ CF2ClCbl and methylcobalamine t:hloropalladate - MetCbl•PdCh) on 
the growth of transplantable tumors in mice: adenocarcinmna of the mannnary gland (Ca-755), 
carcinoma of the uterine cervix (ClJC-5), carcinoma of the intestine (ACA TOL) '>Vas studied. 
The activitv of the cobalamine coenzvme analmmes \vas investigated when used alone or .... ~· ..... ...... 

combined with inhibitors of dehydrnfolate reductase and methionine synthetase. The results of 
the experiments indicate a stimulating effect of methylcobalamine on the growth of 
transplantable solid tumors in the anilnal organism. 'I'he antitun1or activity of the 
methylcobalamine analogues studied was fotmd to be higher in cornbined application \Vith 

metl1otl'exate. The most effective inhibition of tumor growth and the longer survival of the 
ani.mals were achieved in combined application of tnethylcobalamine with methotrexate and 
methionine synthetase inhibitor, depending upon the scheme of administration. 
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¥.Ill( fill:l.Jt71,S:u71.tM,lt1 

3. n. CO<Pblfl/A, H. B. MRCHJI(E8A, if'. r. APCBHflH, A. M. !OPKE.BH'l 

803MO)l(HOCTb YCHJlE.HHSI OPOTHSOOllYXOJlEBOfO 
)lEACTBHSI AHTAfOHHCTA <POJIHEBOR KHCJlOTbl AHAJJOfAMH 

METMJIKOliAJlAMHHA 

CTHMY~"lupy1o~ee }J.eilcT1:u1e IJ,A'.aM0Ko6aJUlMHHa na poc-r n:epeBHnaeMmx 
onyxoJle-A paaaoro aH.Qa 1KHBOTlfNX (capKoMa .KYP Payca, qmOpocapKOMa 
PW-2, capxoMa 45 H CCI<. KJ'NC, KapU..0.HOMa repe:aa. capKoMa 180 H JtHM• 
<?ocapKoMa Mb!lllei'i) H oc..na6JJettRe ... '?elfe6HOI"O 1!1.eikTBHH HeKOTOpbIX lt]:>OTH~ 
soonyxo ... 1evblx npenapa'l'oa npa conMeCTHOM BX npMMeaemut c BRTaMnHoM. 
Bu. OTMeqaeMbTe :a paanax accJie,n:o:aa1uu1x, 06ycn:oa.nem~1 an:TRDIU.>:IM Cina~ 
CHHTe30M era Ko¢iepMenToB a opraHH3Me lKRSOTB'.h.lX. Ou;eHKa cpyrtKU.Ro1u11b~ 
HOfi pomf MeTltJIKCl5S.JJB.MHHa -OJl.Horo H3 Ko6aJ1aMHffOB!ilX xocpepMeHTOB 
B npou,eccax poCTa IiOpMaJibnLix .H onyxo.11eawx KJteroK-npt.tsJTeKaeT uat-1· 
'5on1>mee BHMMarrne. 

MeTmnto6a.11aMHH. HBJiffeTCJt Kotj>epMeHTOM MeTHOHRitCitHTeTasuolt peaK-
. ~lUI- KJ1ro~1e2.oro SBeHa, onpe,ae.nHTOllJ,ero CfU!.eprXSM AeiiCTBIUI Ko6aJlaMH~ 

Mo:s a coeJ{,mreaaA cpoJJ:aenoA KHCJIO'rnl n nponeccax KneTOttn:oif npon:n::<J>epa .. 
n.}rn. Oco6an 3Ra'IRMOC1'1' MCTHJJ.Kc5anaMHHa ;vm aKTl'lnan,au 9·rott Q>epMeHT~ 
Ho:A: cHCTeM& OTMe'-JeHa a pesy.11t:.'l'aTe Hsy11e.HHff napyme1rnoro o6}{eBa 
Ko6aJJaMHito:s npH .neitKoaax tienoaeKa. Ma.rtan aif><PeKTHBHOCTb KOMChnrnpo
na1rnoi1 .l.\HTOcTaTHt1ec1m:n: TeparrnM rrpH onpe,n;eneHHMX sa pHaarax ocTporo 
Jleihmaa, npoTe!rnIOW.MX: c BhtCOKOi KOHIJ,eRTpan,aen MeTHJIK06aJiaM\UH\ B 
.Kpoan. no.a;T.sep1KJ.taJra crre1urqnttuiocTb ero .n;eftcTBUH B oprarrnaMe 
(H. B. Msrcam.eaa n coatiT., 1969), B Mac·rofnII.ee Bpe1.u:r yc1'a.Roanetm 
aH'.tmnu1st pMb MCTHJIKOOaJiaz..talia :s npou:eceax np0Jm4Jepan:in-1 KJteTOK J(PO· 
BeTllOpHO.A. TKaJIH aJJ;OPOBbIX 1KKBOTllbIX. ilop, B03.l(e.~CTBHeM Me'l'IlJlKOOaJrw 
a.MUHS. e ceJJeaeJU(e ME.Ill.lea nospttCTatOT tatCJl() KJietoK, CHR'!'e:3Hpyrou~HX 
.ll.Hl(, BX MHTO't'llttieCKa.K flKTHBHOCTb H aeJIHlHUUl: npona.cpepaTRBllOl'O nyJm 
{0 • .U. roJJeHrco n coasT,). 06napy}u:eao ana11HTeJihHoe yaen.1-r11cHHe irncTo· 
Thl pasanTBst reMoo.nacTo.soa y Mbimei:t npn tt.oM61unrpoeammM nne,u.e:mur 
MeTKJJKOoaJJa:M.Hlla c :9H'JlOrem·1btMH 0JnlcToMoremi.MM. Baxmh1M MOMeHTOM 
MexamrnMa CTMMYJtMPYlOutero tr.eACTBHR l(06a.naMHHOJ3 SIBJHJ:eTCH nx HHJl.}'
·IVlpymmec n.nmnrne ua aKTMIJHOCTb MeTHOUHncHwreTa3N. B xynh-rypax Hop
M8JihHUX KJJeTOIC unel<omna1om:Hx H onyxo;reabtX 1:t.n:e-roR qe,11oae1ca aICTI-Hl· 
HOCTb MeTHOfUitICfrnTeTaSbl saMeTHO B03pBC'!'8eT c yBeJIHqeHHCM eo,l\epxrn· 
HfUI Ko6a.11a.MuHoa s cpe;u~ KyJJbTlnntpoaaHHR (Mangum n coanT.: Kamely 
a coaaT.), OnyxoJieBtite K.neTKH paanoro nma, OAmlxo. OTJI:fltlllhI oT Hop~ 
M.aJJ&HhIX no caoefl' cnoeofh10cn1 rro.n noa)teftC'l'aHeM Ko6aJtaMnuoa ycnmt· 
B8Th OHOClHt"l'e3 M8TH0Hf.ma. Heo6XO.ll,KMht:A npn lUl'l'eHCMBHOM pocTe (Hal· 
pern M coaaT.; Chello H Bertino). CnacaTeJtt:.rtbiw uy'rb c rroMOntbJO KO• 
6anaMRH3alnfCHMOit ME!ift<{OlUIHClUJTeTB.3bl, odecnet!HBS.H yaeJIHl.IeHJ;l:e ettyTpH• 
KJ:teTOlJlWI'O nyna TeTpara,n;poc}:JOJinenol-l KHCJtO'I'bl He38BHCMMO OT ¢oJH1Tpe
J1.YKTSSHO:&i CMCTeMbl, npe,n.cTaBJUieT, no~SHAU:MOMy, OCHOBHOit MexaHHSM paa
BllTfUl yct>oalfHaOcT» Jte?'J'KoaMN:i< 1<JieToK K MeTOTpeKcaTy (M TX) 
(H.B. MRCHm.eaa; Sauer a Jaenicke). 

B CBij'SM c .9THM peaJmHa nosMomuocTb ycHJream1 rrpoTHaoonyxo.neBoro 
~i:P<l>eKTa ;uu1n:oro Me-ra5o.nHTa nyTeM ero KOM611n1tponamw:ra npHMettemm: 
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I c a HTa ro11HcTa Ml< t<o6 an aMirnoaoro KocpepMeHTa. flo Hlllo<a use ue>:a>tnau a 
t tteikTa1ur rco6aJtaMHI-lOD no<::J1y>1nwo otSoca:onanHeM ,«JISI Hanpaa.nen:noro 
! CUHTesa aHaJl'Ot'OB MeTHJIKOl'iaJtcl.Mlnia I-I'. HX. I'lCUbf.TalmS a !<aqeCTBe IIOTeR· 

lJJtaJIMibJX npOTHB001lY.1<0JICeb!X COC,lUi:Hemdt. 
B x1Ud.l·fOTepane"5nn1ecKHx S1KcnepHMeHTa:x: 61::i1Jnt HaytieHN .n.mpropxnop

MeTHJtKo6anaiorn It X.Jtcpna~TIJ!OJJJIT .Me1'HJIK06anaMHIIa. 06}fapyJ.K.HBaBIUHe 
SKTHl.3HOCTb npH ~CCJIC.D.OIHU1HRX in Vitro B llO)t88JlClUUf pOC1.·a OaKTepH.BJib~ 
m>lX RJI€:TOK tl TOpMo.»<eHHH cm·rreaa JJ.HK B K}"JJbType 9.M6paoHaJihHI:JX 
qm.fipo6.iu1cTou 1.1eJ1oneKa (H, B. MS1ca:rue:aa M coanT., 1977). 

fipK paapa6oTKe c.xeMI:.J KoM61u1Mpoeamroro noa . .aeJk.TBHn 01).{J!li y11TeHl:il 
ocHOBHhl:e acneKTbf ¢rn:aaoJiornt1ecKo.ro p,eH:cT.aHK KooaJ1a?!lfnHO.B a. op.rsxHs~ 
Me: KORTPOJih 38 nocTyHJieHHCM coe,zt,1-rneHH.A. q:io.I£He:nol% KHCJl01.'hI B K.lleTIU1 
a 06pa3osam1eM tmQ>epMeHTo.a tjloJiaTa, a -raKJKe lut'l'eHCHBHOCTb norJ10W,e~ 
HMH Ko6aJtaMm1oa onyxo.,'JeBhtMH K.lleTKaM1-i: (Burke n coaaT.; Tisman H 
Herbert; Floodh H Ullberg}. B CBRSH c STHM M02KHO 6.bIJ!O pacctraTbn:rnrb 
ua HS6npareJfbHOC1'h ,ZI,eikTBl{$I nccJie.ayeMbtX coe,llJl.HeH.Htt H B03MO>I<HO~Th 
CHmK.eHlUl aKTU:llHOCTH KooaJ!aMHlt033I)liCHMOro t1JeprvH~HTl:l B opraHK3Me. 
O.n.naKo -rpyp;Ho 6Mno o>KHJUlTb sH.atrnTeJlbMOro 3ccpcperna npH HX ff30JIHpo
naHHOM npHMeHeHliH. fiO~'t'O.My HSM llpE?:)J.C'l'aBJIHJIOCh na){Cllb1M 01.l.CiiMTb 
npoTa-aoorryxone~oc 11.eficrrrne aTHX coe.'AmteHMii na tfmne TOpMo:m:emut a.r<· 
THnnoc'rH JJ.H"fHJ.tpo$o~'1.aTpeJI.yKTa3hl: c noMOW..h.IO J\.1. TX. · 

Ma'!' e p nan. H Me -r o .u.. ti. l1cCJ1c.tt.01uumH 11pone.n.ea:1;o1 fla 1111.iwtsx Jimmu: Ct;1BL, CBA, 
BALB/!:: H nt6_pu.a.ax BDFdCi18Lx DBA(2). Mac.coil 20-25 r, riOJt)'tl:eiuthl>i: H3 IIHTOM!lfflnl 
AJ\1.H CCCP. npoTHaoonyx()J1cnnsi lll<TIIHHOCTl:o attaJIOI'OB MC\'l!JJKofiaJJ<l?>Ullla ff3Y\H:.fta Ha ne
pa1unrneMJ:iX JJe~Kosax L· 12 JO H La. n co;..11uv11'l:x onyXOJIJ:IX: ap,enmuli oQ.HHoue :.to.rroimoA :me~ 
Jteabl (Ca·755). pat<e weAmt ua-rK11 {PlliM.S) a n.tteno1u1pu.utt0Mc KHlne<tllitKa (AI<ATOJI}. 
N\t.» OM6pa.n:H B ica•Je<:-rac oc.um.moI'O o6'beK'nl. JICCJle)UlBlllUUI CO,lllt,.ttJiU•le onyxOJ'tH, Ha KOTO
pblX Jlel""te IU:JJ:IBHTb C"l'UM:YJHl:p}'lOW.Ge JM.IHIHHe MGTHJtKOGS.JlllMIIHa, 4feM IHI MO,ll;l?Jtl! .11eibcosoa 
M<>r1uen L-1210 a: La, c 1n;100K.HM rrpomu}epaTHlmhlM ny.noM H aeeoMa 1<opc'l'KoA npoAOJI:i«H~ 
Te.'lbttOCTblO JKll3liR JK:H!301'ltl:ilX. 

M_. eTH.Jm:o6a.11aMH11 (CH$Cbl) it .rtHtlJTopxm>pMetHmco6aJTamm {CF2 C!Cbl) noJlY'llml:fll no 
~t::Ult?CTilOM}' M.eTo.n.y {Wood M CO.ll.BT., 1968}, MO.llJlt{)H.IU-1.pOB8HtlOMY » pasJ;e.ne lU.t)l.eJleltl(J.W 
{E. M. Ta1,1KolHl 11 coaar.J. X.nopnaJtJ10A.aT M.e'l'WlKo6aJla~nrna (/>'letCbl·PdCia) cHtn'03upo~ 
rum t~m:icOfit)M E. r. Y:aycepe. Mcnun<ol'foJtlaMliU{ llllO,ll.l\Jm BU}'TpHMl>!Ule~uto HS pac~t~'NI. 
10 MKr/t<r." 2 paaa ua l(ypc JJe•1emrn c, MnTepnuoM 96 •r, CF11CICbl - e.JKe,ll.N:eauo nop;K<nn:-
110 H3 pac.'QeTa 500 Mr/lcr o.n.no~oMcwmo Jui:6o 2 paaa » JI.em, 110 25-0 Mr/Kr a n•timac 
5 .1u1eit rI.11oxo pac1.aopm1utl ;x:JJopm1.n.110.;i.aT Mcru.ltl(:ot5.an.u.rn:na nao.n,H'..?JU nepopa1u.iro o 2% 
lt":pilXMUJlbUOii cycri~tl31Uf n CYTOttnon P.03C 500 Mt'/¥.1' s TC'lett:n:e 6 ~t{cl\ mm 2 pasa e llH"l'aP
lHl.'IOM 96 ti, Cy-ro•nuu1 ,u.osa nno11.Hnac1:, 0Jv1ow-0Me11.'l'HO 11JIR no 250 Ml' 2 paaa u ACHl:t. MTX 
4mpMhl «letlcrle» .neno.nb3onanu n ;.i:o..1c IO Mr/ttr n1tyrpJ16pio11numo c nnTepaa.ttoM 96 ti:. 

B IUUUUX lJCC.Jll!,IJ.OAamrnx 8KTl1"flHOC'l"1:, m::itlaJlllMHHl'.lnti!X npon.!lBO)l.Uhilt R3Y'Tet!!l lre TOJil>w 
Ko 11r11 imM6mmpoaam10M rrpHMCnenuH c MTX, flo "l'!lKJKc: c :x:unoJ11rnC)ub1M np0Kanom1r,1u 
(N$C~I71.i3 l 9): 

C!Iit 

~ 

H,N,,(X? 0 

NH < >-~~NH-0-NH (_)N !.CH, .. 2B<L 
llpenapaT no.'ly•re1t lutMH ua HauMoIUlJJ~noro 1rncnrryr.a paKa ClllA n caoTneTCT.aun e 

corm1u.rn1nteM o coTµy.n.u11:qc.P13e Me.ll'AY CCCP a ClllA B 0G.11ac-n1 Xl<UHOTcpnnuM ouyxo.nei'f. 
Corn:a<:tto xapaK'l'epli<.:TnK~, npcJ.1,CTa11n:e111roil: ni.tepm«'lm::lCtt:Mff y1.1enblMll. 11pe11apaT $lM1'eTCft 
~mr•uGwropoM MCTHotUJHCllHTtrra:n.i: (C~rter M coan:r.). Xauo.imnon.oe apommoJI.Hoc n1n1uem1~ 
Jm 1my-r1u1"6p10urnmio a .n_o3c 5 Mrfar cnul.AHeauo 11.in1 c J.Ut'l'epnano.M 9() •t, t.i"fO cOCTnnJ1nCT no~ 
Jl'()SltlfY l\fl"l<CHMtl.JlbUO ncp«IWCltMOit KOSbt Mil HCllOJl'.bSODalmoro pcm:1-1Ma. J1c11emfc ue,tnma~ 
JUl: $!epel 48 " nocJJc nC'pt!1nm101 m1yxz)Jlt1. Peay.'lhrnThT so3,Aeftc1n1rn oLtcmrna~lK t1cpe3 24 •t 
noc11e ottowuumn rcypca «Te~emHr 11 u JH!:'.IJJWlmJc q>oirn: na npo-rtntwm1u 11tU:-:$flU nmnoT1u.ix. 
I<;p1r1·cp11~;.1 sipq:ieKTmHim.""n1 C»IYJlOllur npoU.<..lH'l' 't'OpMomettms po~'rn onyxom1, 11t.1<..tneJl!lCMOi\ no 
yc.:m)m1ai.iy ot1'bCMy, ;i yoc.'lti•H..\Wtt.> npoJ1.omxn't'<.l1lhH~I' m:mnrn :i;omo'rnwx. B KruK.ttnM as 
()tflll1'0B ltOllTj.)OJJl.>FU.tl'~ ll Olll>ITHNC rpymlbl COC'!'UllJUIJIJI ·ro:uc, <rrot"i1>1 !-IX 11llC"Jiem10C'r1> o6~n~H· 
ea.na e'l"8'rllC'rn<teCKYKl: S!!3.'lllMOL'"l'b ~tl:IJIHM3.JU:1tll.il,X y•ntTt>tnl:U.?MM>: npOllC)l'.!'On •ropi.tOX(CIHUl 
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poc~·a onyxo.ne.n (50 % ) n Yl! eJI.Memut npo,u,o.rDKKTMbHOCTH :iK!taHH M:Nme.A {25 % ) • B co
o:rnaTc:T:alfR Cl YKSliU!lUH>lMU Tpe<SoB<!lllJf:RMH onhl.t'!i.i:.te rpynn:Eil COCl'Olt'Alf ff3 6-10 MblWCA:, a 
ROll'fPOJfh!ib!C- H~ 6-13 IKHBOTHb!X, 9 satsF.CRM-OC'i"ll 01' Mcno~1i.a~Moro lliTaMM.a onyxo.rm. 

Pe a y JI h Ta 1' & H H x o 6 c y JK ~ ~ u .«: e. B nponett.eHHNX uccJien,ona~ 
mrnx anepn:&te o6uapymea:o CTKMynnpytoru;ee nn.1um11e MeTHJl.K06anaMHHa 
Ha pocT nepes:tu.laeMbIX onyxoxeA Ca-755, AI<ATo .. rr. n MettbtueA c-reneitH
aa pocl' PillM~5 (Ta6.n. 1). Ha.HOOJ!hlUaH H1ne:HcHBHOCTb poe:ra onyxonn 
no)J. B03P.etk.TBHeM Me.THJIK06a.rra~1Hma trn6mo..uanaCh npH nepeBRBKe Ca~755 
M&I111a~H'HopH,u,aM BDF1 ( 180%} no cpasae1nrro c pocToM Toif Jlce onyxoJiH 
y Mblmett 'lHCTOit JIHHIUt Ca1Bl. CTHMyJrniurn: pa::.tMHoJKe1nnt ony:xonenblx 
KiieTOK npoHCXO)l'.ttJia B nepliOJ( BBe;ll;.e.H.HR r.te'X'HJlKOOaJiaMHlta; HaM60JibWee 
paamPrne a aeJIHl.JHHe onyxoJte:fl y R{ffBOTHhIX om·.lTHofi u KOHTponhHoii: 
rpynn BhTHI1J1eHo HenocpeJJ.CTBetrn:o nocne oKoHl!aRilH sse)!e1nu1 npenapaTa. 
B nocJte.ztymmHe cpmrn: poc:r onyxoJiefi y Mb1me1i, no.ny1n1amnx MeTHJI· 
u:o6aJJaMI:rl'.I'.,. 3SMe,ll.JUiJ1C.'1. nplf nepemrnxe AKATOJI Mhtlll8M pa3ttOro noJrn 
M.wreHcH1u1ocT:& pOCTa onyxonn: npit soa,n:eikTBHB MeTHJrn:o6a.naM1uta pas~ 
JfH.'tJHa. CTHMYJIMpyromee ,ll,eikTBHe npenapaTa 6hlJrO snatrHTeJihHee Bblpam:e.~ 
H'O y caMLl,OB (CM. Ta6Jl. 1). 

KaK K cneR,OBMo o>Iut.lUl.Tb, HsonHposau:aoe soan;eltcTnne aHaJtoron Me
THJrKo6anaMHHoB ropM:oSHJIO poC'r nepesaaaeMbt.X onyxo1teu Ca~755, 
PlllM~5 B ue6oJI:blllO:fi cTeneun R JUJm.& aenocpeAcTBeRa:o nocJie aaeµ;eHHR 
rrpenaparoa ('ra5.'l. 2). 

Dpli cpaaim>reJihnott ou.emte trnH60Jtbtuaft uttrt16Hpy1om.asr DKTIUJHOC.Tb 
o6H.apy}lceHa rrpH MC!IOJtb301HlHHH XJJOpna .. 'lJ".IO,.n.OaTa MeTHJ!KOl5a.naMRHa.. 34>
<fl~KTHBfl'OCTb ropMomemur pocTa Ca~ 755 obtna do.nee a1>1paJKeHa y M1:tnuefl~ 
ru6p.uttoa BDF1 no cpaBHeHmo c MhIIIlaMH Cs1BL Kalt 6b£JJO yxa3aHo, nMeH .. 
no y M~ll!eM: BDF1 a sua•rnTeJl.t:>MO 60.JX:c.rueii c.·rerum:n npo.a-aJUtJIOch It CTHMy
Jrnpyromee .n.eficTnlie .Mer-1rnK05aJ1aMHHa. B .9TOH e:epHH onbl·roB npo.nomRM« 
TeJibllOCTb }l.tHaHu MbIUiei! BDF1 c a.1tenoKapl(HflOMD* M·OJJottaoii .meJiesui 
npa »oa.n.eftcTa1rn CF::CJCbl H XJtopnaJlJlop,aTa· MeTHJUto6a.naMHRa yneJifNH
.aa.nac& Ha 50% (cM. n16n. 2). B TO ace spe.MJJ npa BBeAe1urn npoM3Bo,tt.HUX 
MeTHJilto6a.JrnMmra OTCY'tCTBOBaJl s<jllj;>en TOpMoX<eHH5I pocTa AK.A TOJ1. 
0TMe1JeHo 60.'IJ.bllHHl: pas.m-t'tIHe B A~SCTBHH l{06aJtaM'.HltO.BWX npOM3B0).(HbIX 
Ha onyX.OJtb ll 3aBHCB.MOCTH 01' J'e:ffi.HM:.a UX IIpHMef.leRJ·f:Sl (cM. T8.0JI. 2). 00• 
BHAHMOMy, npH OABOKpa'I'HOM BBe.itemm 60Jlbll!Oft Jl03bt (500 Mr/t<r) Boa~ 
MIDKHa. )J.ftCCOU,HB.UHK npenapaTOB c nocJte]l.ymm,HM o6paaouamreM aKTHBHOtt 
q,opMM, c·rtod.yJntpyww.eA pocT onyxo~'IH. 

B cooTBeTC'raHH c I-UlWlfM npe.n.rroJio;m:errneM nprt KO.M.6:1-nrnpoeaium a1rn
noro:e MeTHJrxooa:.n:aMHHa c MTX o6Hapy>I{eHO yc1wetrne HX ,n;eiicTJUHt Ha 
onyxom:. (Ca~7i55, PI11M~5; Tat'.S;1. 3). Yne.ni..PreHMe npoT».uoonyxoJtenoro 9q, .. 
rpeKTa n pe:ayJrbTaTe te0Meiam1pona1moro Bo.s..i.J.e:fkTBHSI n.poHBJUIJZOCb flerto· 
cpe)J.CTneuno noc.ne xypca JJ.nenemrn npenapaToa u. oeoeiemw, n nocJrnnym~ 
n:uiii nepMO)(: Kor.n.a .sqnpeKT .n.ciicTa1rn OiUIOl'O MTX yme OTCYTCTBOnaJI? 
coxpa1nu1cn n.oc1'nToq110 BhICOKllti npou.eHT TOpMO>t(l.'HUI:st pocTa onyXoJrn:. 

Ta6.1I:u.1.a 
B·.1nu1ane l'l!'et»ax.06a.1rn.Mt·Uta irn. po<:.T Hetco-ropwx nepc&MsaeMblX onyxOJ1eA 

--· 
,ll0!!11 ripe· CpOK m1eAetl'1rn llPU'l>IPl'l~ 

POC:T i.myxoitn noemi ,1111.C:Ae1ntu 

On:y:itonb: ltl!flla'l'a, -ra ni:>e..rrn npu:nuruut OitY· npenapi\711, % K R~11Tpc.111c. 

~mrfu;.r x.-a.nu, AJttt r 1 AneA l A<U.U> M ,1\ileft. 

Ca-756 C&7Bt.. to I 2-A 1t El·it I +74 +21 tf3 B0r1 10 I 2·11 H 6-~ +iao +~ AK.AT OJI: lO 2·!!: li 6-ft +20 +3l 
C8Mltli 
cm.tqM lO 2-a s 6·A +126 +37 +as 
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I J, .,..,:, o"'io."! 
i:io~ ~~ .. 

""' :ii= = Top?.1omei11He J)O<:.Tll ortyl(;o.1m, % l:lo~ 
"' ti .. i~=~ J{ m:mTpOJUO §$ii Ony.ii:u.u. npcnllPit.T ~~ 

I i::: ~ 

I "':.rti l 1 
z5=1s: "' ~ o;- =o 

8"' !i~e I .«em. 1 Jl,M~lt 16 p,11elt ::~el>! q:·~ I Uc>; ;:.. "( ):I 

Ca-755 XJJopa~opMe- 250+250 2-6-11 30 I +s 54 
'l'HJI:ito6snaM1m 250+250 2-6-A 43 38 0 16 

Plll.M-5 (CFi.ClCbl) 2so+250 2-5-ii 0 0 0 0 
AKATOJJ: I 

Ca~765 l(OMllJleKC TPK• 250+260 2-6·A 90 i 59 50 
{BDF1) x.11opueu.iuco6.a· 500 2-S..A ta 16 20 

Jl8lllWl8 c 25'>+250 :2-6-A 80 23 0 10 
PillM.-0 {MetCb · PdC!a) 500 2-&.n +130 +15 I +18 0 

K.ATOJl 250+250 2-6-A 0 Q 0 0 
' 

A 

,UJrn. flOHHMaHH~ B03MO.>K.Horo MexaHHSMa ,n..diCTBMH aHaJioroa MeTlU(• 
Ko<laJtaMHna a opramtal\rte mm~oTHhtX 6MJt ocymecTa.n:eH cpai:nmTeJtLHhlii 
aHaJ'.IHS pocn1 TeX )KC onyxoJleabtX UJTaMMOB npH mrn.1rnpo1HUIHOM BJIHSIUlUl 
HE:rH.6liTOpa Me:THOUMHCt-fHTeTR3bl- XMHOJllUIOBOro fff)OH3BO,ltHOro.- H ero 
co~ce'.l'mmoro sos,uef{CTDIUt c MTX. TopMo>Ke1-rne pocTa Ca-755, PI.UM~5 u 
AKATOJ1 yneJiwqaaaJIO<::b a aasHCHMOCTH OT Km1t1..eHTpau.au npenapaTa. 
Haa:6o.nee sqape1crmnro npenapaT 2osAe~kTnoaaJI a.a Ca~755. Dpu y:aen:u
qeuaH .11.oabl QT 5 JJ..O l5 Mr/Kr TOpMmKeHHe pocTa onyxomi eosµac-TaJio cooTN 
nettTneaHo Ao 40 a 96 % . O.n.aaKo c yaen:Jii1e.1rneM J1,oa:&1 npenapaTa aaMeTuo 
aospacTaJla a ero TOKCHt.JROCTh. HanpHMep} npa W:'T'aMMax ne:ttKosos 
L~ l210 H La HaH6o.nce onTHMaJJhtmA A03oa. uo aawttu: AanHblM, H:BJtRnac? 
,.o;o3a l 0 Mr/lcr, npu KoTopo~ n 3-4 paaa yaeJTRQMBanacb npoAoJI.m:a-reJJhN 
MOCTh JKff3lUI )KHBOTHbIX. Opa yMeHhutemrn ,il,OSbI a$cpeKT B03.U.ef\CTBJUI npe• 
napaTa Ha MbtWCtt c .neAKOSU.Ut 6bIJ1 cyw.ecTne1mo 1-IU>t<C. fTpH COJlfi,fl.HbtX 
onyxOJI.11X a Ham11x Hccsre,u.osa1nrnx He 6wJJo oTMel.feHO 3Hat1w1•enr:su.oro yae~ 
JlHl.JeHlUl npO,!tOJU.K1lTCJJbHOCTH >KH3HM MbnneA. TipH CO\!eT8liHOM BDeJI,eHmr 
npenapaTa c .NlTX if.ff}Ke s MaJloft .n.oae (5 Mr/Kr) ua6Jtio,n,a.naeb cyMMa:u;mr 
3cpcpeKTa. tfTO noJ.i:..Tnep.m.n:aJJo ynentt1:tetme ·ropMo:mettHfl pocTa onyxo.na 
{Ta6JJ. 4). DpH 6oJJee rr03JtHeM natfaJte m~~1e1nrn: )I(.H'BOTHblX (ua 8·it ,a.em;, 
nocJie nepeaH:amt auyxon:u) 11 em.e,u,.aennoM aneJI.ermu npenapa·roa a 1'e1'fe
ane 5 cyT (5 Mr/Ks :unmnnuoaoro npoH3JJO)luoro; 2 Mr/r<r MTX:) pesyJJ.bTa
TbI 0blJIH ClU.C 6olle1J ,."tCMOHCTpanm.Mhl (Ca-755)' HO rtpH CYM.Ma.pHOM: BOS
)left:CTBflH y.aeJIHtJ1ma,'lfiCb TaIUKe H QOU.1Jl$i 'l'OI(CHqHQC.Tb (Ta6JI. 5). 

YnemP1eHnc ·ropMO)I<e.HHR poc'fa onyxomI H npo.nomKHTI:J1hH.OCTH JKH~H.a · 
)f·\U801'HbIX OTMGlfeNO npH KOMOHfUIPOlHUfHO.M B.03'AeikTlHl'R x.noprra.n:.no,rr.aTa 
MeTHmm6a.naMRH3 u XHHO.JUUiOBQf'O npOMS.BOJ].}!O.ro (NSC· 176319; ''t3t5JJ:. 8). 
YttH:TblB8fi ycMo'IeuHe n.efre:TmtH 1\<1TX npH em I<:OMOHHHposal'IHOM HCnOJibSO· 
:auurn; c ammoraMn Me-THJrn.ooaAaM.trna a HUrM6HropoM Me·nror,mac11H·reTa¥ 
Sb!, Mbl ocym.ecTnHJJu KOM6mmponamrne Jletieiu:re Mhlille11 c Ca-755 c np»
Mene1-meM ncex 3 JHtrn6nTopoa: MTX, xmmmmouoro npoH3Bo.t.u:oro ir Ha:n· 
6oJEee a1<.Tmnmro amumra t<o6~1Jla:MlUIOrH>ro 1<0¢epMewra - XJ10pm1.riJra,n;a"!'a 
MeTHJlK06aJtaMHna (cM, 'f!i6J'L 6}. 

B pesyJihTaTe E~OM01rnHJt0Dammro npMMenemrn m-n·nf5nropoB r.rnT11om:ra:
Clnnerash1 H .n;11nr.n.po$0Jia.Tpe.ll,yKTa3hI ::mattttTeJir.Ho ycnJmea,.troc& npoTHao
onyxoneBoe ~eJ.\CTalte, oco6e1n10 :a OT'Aa.J1eHHW:e cpo1m nocJie 0Ko1vrnmrn Jle· 
~eK1u1. B ~T.MX yCJio.BH$!X ttepes Q ueA noc.JTe oKomramn:r nse.n:.etuii:t npenapa
Toa 'l'OpMo.m:eone pocTa onyxo;n1 cocnm.11srJto 85 % t B TO npeMR KB.K B rpyn
na.x MhlmeA:. noJtytraawHx Ita}K.uoe as ucc.rtei.~yeMblX: coe.iumeauil K30Jlupo~ 
sa1rno l!Jn.1 KOMfhma1.uuo as 2 npenaparo:e. n 3TR cpOim: yrHeremre pocTa 
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onyxo.n:eii npaKTntiec1nr OTCY'fCTBoaa1m. OJuraKo <:Jie,n.yeT OTMeTH:'l'h, ti:TO 
O;J.HOBpeMemrn fl0.BbI!Il3JH1Cb 'TOI{CH'Q:J-IOCTb, :YcTaHoa..-1euo -r.arDKe, l.ffO ,llel't· 
CTBRe KOM6RJUl.UtUl npenapaTOB cylU,eCT.BeHHO HSMel-IlVJOCb B aa.DHCHMOCTU OT 
TIOCJJE"Jf.OBSTeJlbHOCTJI ase)l.em-rn l{OM61uum·roa u lmTepsaJIOB Mem:)ty lIHMH. 
Ta.K, o.n.HoapeMemme nse)'.(e«ne NSC· 176 3 t9 g _i\1.TX OKa..'uIJToCb sua:intTeJt&
ao MeRee TOXCRlJ:RbIM JI.JHI opr.aRlfSMa, i1e1.1:t 1rnc.n.ettHe HX c HHTepaaJJOM 3 tf 
npn pa1um.M npoT:imoonyxoJieBOM .:<Hp$eJ<Te. 

TaKKM oopaaoM, pesyJIL:T8TLI 3KCnepMMeH'l'aJiblibfX HCCJl'e.n:osaltHH no,n;• 
Ta.epm.n:.aroT Harue npe,n,a:oJtoxceane o aosMo~nocTH ycn:Jtemm npoTRaoony
xoJtenoro ,u;eiicT.BnR MTX c noMonu ... m ana..110.roa MeTH .. 'lfco6a.naMHna a u:Hrlt-
6.wropa MeTH01UfHCRHTe'.1'aSb1. 8-ro OTI<:phrnaeT li0Bbli% no.tt.XOJt K Jie~e6aoMy 
BO~AeACTBHJO na orryXOJltf c HCITOJl.b30BS.HHeM a.RTaroHl-fCTOB tjla3U0.110l'Utte.~ 
cxoro peryJisropa 06.weaa coe.n;HHe1rnA ¢omre:aoi1 I<HCJIOT& a opra.HHSMe. 
HaMH y'c'J'au.02Jrnua nponusoonyxoneaan aKTnanoCT:& a1rraro1mcToB Ko6a· ·· 
JJaMHHo:ao!'Q I{o<PepMe.n-ra. OJJ.IIaKo aK:THBHOC't'b liCt~11e.t1.<.Ya.a1u:1:Llx aHaJioroa 
MeTKJIK.o6a.naMHHa, 6n:oKRpy1ow,nx onpe,o;eJteHKbfe MeraiOo.nHtJecKm~ saea1:>R. 

' He).t.OCTaTOtfHa B!ilCO.Ka /1.JUJ IlOJfHO.ro It .U:.Jfli'!'eJlhHOrC> TOpMO}Kemnr pocTa 
onyxo.nH. ITpo1'HBoonyxoJteaoe .n:eAcTaMe amlJiorou Ko6a.'laM11Honoro KotPep· 
u:eHTa MO.xt.e-r 6bt".l'b s.aa.trHTeJlhHo ycaJie.H:o nyTeM nx: KoM6~urn:posamwro 
nplfMeaemrn c MTX. nony11eaHJ::>te aKcrrepRMeuTan.&trwe )l.aUHhte ytcasbluaroT 
Ha 'U.eJiecoo6pa3:HOCTb BCnbl't&HH.ff ~4>ct>eKTHBHOCTH ai:rn.nOJ'Fl"tfHOf'O pO,!Ul KOM· 
6HHaUHH B KJ:UUUIKe. Hatua OCHOBHB5\ aaJt.atfa l) aacT0"1IUee BJH~M5't COCTOUT 
a paapa60TXe OllTHM&JthHOro pe.»<RMa KOM(htKKpOtHl.HtiOI"O Jiett:CIUUI onyxo~ 
.nett yxasaHH&MM nperrapaTaMH ua ocuose ncee:Toponnero aHaJJH3a Mexa
ffHSMa HX C.O'Qe'faRHOro ;u.eikTtHUt :s opraHHSMe. 
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POSSIBlLITY OP POTENTIATING THE AN'iINBOPLAS'l'lC ACTION OF FOLIC ACID 
ANTAGONIST llY M.ETHYLCOBAL.AMINE ANALOGUES 

Z. P. Sof11ina, N. V. M11as£schaua> P. G. Arsan.gan~ A, M. Yurkevt.ch 

Su.mm a r y, The etrect .:>f methy!caoalamlne and ils analogues {difluoro~chtoromc
thyk.obalatt1ine. -CF~lCbl and methylcobaJarnine chloroJ.'H~Uadate-M.etCbl. DdC~) on 
the growth of. trans1>htntab!e tumom·s in mice: adcnoearcmorua of the. mamm11rv glan.d 
(Ca.755), carclnoma of the ut<!rine cei~vlx (CUC-5). carelnoma of the lntestltm (ACATOL) 
was stud led. 'The aetlvUy of the. cobnlamfne coeni,yme analogues was investigat'Ad wbe:n 
u,-iccl alone or combined wHh inhibitors of dchydrofolate rcd~ictaae and methyonlne syn· 
thefosc. The r~si.tlts of the expedmcnls tnd!catc n stlmu.latfng effect of methylcobatam.fm· 
on ihc grow~b of transplantable solid tumours in the animal organism, The antitumoor 
activity of the methy!eobalaminc annlogm::is studled was found ta be higher in combined 
appJicatfon v.rfth meU10trexate. The most effocUve inhlbition of tum•ur growth and the 
longer survival or the anlmals were achieved In combined appl:lcaUon of me.thylcobalrunlne 
wiU1 methotrcxate aod metbyonfne synthetas~ Inhibitor, dependtng Upon tile s;ehemc of 
administration. 
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UDK 616-006-092.9:615.277.3 

N.V. MYASlSUCHEVA, Z.P. SOf''YlNA. 
CD. GOLENKO, F.G. ARSENVAN 

Clinical and experimental studies have 
shovvn that one of the coenzymes of B-12 
vitamin, rnethylcoba!amine, under cenain 
conditions denwnstrates properties typical for 
modifying factors of cancerogenesis [1 ]. 
Specifically, carcinogenic activity of some 
1netabolites of tryptophane and tyrosine, 
including para-oxy-phenyl-1actic acid, inside 
animals' bodies increases when introduced 
simultaneously \Vith cobalamine coenzyme. 
The effect of methy!cobalamine leads to 
considerable reduction in latent period during 
appearance of induced hemoblast1)ses and 
significantly increases tl1e frequency of their 
development [2-4l ~vlethylcoba1amine also 
stimulah.$ the grov-.ih of transplantable tumors 
[ 5 J. High biological actrv1ty of 
1nethylcohaJarnine is generally caused by its 
role as a coenzvme of methionine svnthetase 

J J 

(K.F.2.1. l. I 3), \vhich controls folate 
metabolism in mammalian cells [ 6, 7], The 
concluding stage of methionine bios:yntliesis 
represents the main triggering rnecha.nism of 
the folate-dependent reactions cycle in the 
process of eel! gro\.vth during purine and 
pyrirnidine fonnation [8] (Figure), 

The normal balance between free 
tetrahydrofohc acid (THFA) and its single
carbon derivatives depends on the intensity of 
purine and pyrimidine synthesis, as well as 
acnvity of methionine synthetase and 
dd1ydrofolate reductase .. As the concentration 
of methionine goes up, the activity of formyl
THFA dehvdrmienase increases. This cellular 

~· ~· 

link enables control of folate exchange as well 
as the exchange of irreplaceable mnino acid 
itself The latter is required for providing an 
adequate amount of methionine for svntliesis 
of polyamines and proteins [8l 

Antitumor efficiency of 
methotrexate in combination 
with cobalamine derivatives 

Cycle <.if folic acid and conjugated processes of 
biosynthcsis of melhionim.:\ purines and 
pyrimidines: 
1 ... cobalamirn.~-dependcnt methionine synthctase, 2 ··· 
serinc·oxy-mcthy! transfcra~c, 3 thymidy!atc 
sy11thctasc, 4 ··· dd1ydrofolatc reductasc, 5 -·· melhyknc
THFA rcductasc, 6 ~ mcthyknc-THFA dchydmgcna.se, 
7 -- formy!-THFA <lehydrogcnasc. 

~vkthionine also controls the content of 
methyl-THFA by reverse inhibition of 
1nethy!e11e-TH FA reductase. The high level of 
methvl-THFA reduces activitv of serine-oxv-.. ~' .. 
1nethvl transfernse, necessarv for 1nethvlene-.... - ,._• ... · 
THF A formation as well as subsequent 
formation of pyrimidines along with 
thyn1idylate symhetase. f\.fothy!ene-THFA. 
dehydrogenase also assists \vith lbrmation of 
5, l 0-methenyl- and formyl-THF/\ for purine 
synthesis. The transfonnation of the main 
transporting form of folic acid, methyl-THFA, 
into coenzymes (methylene- and fom1yl
THFA) is limited by coba!amine-dependent 
methionine synthetase. Deranged DNA 
synthesis in hernatogenic hmnan cells as a 
res uh of the "methyl-THF A trap", reduct.ion in 
concentration of free Tl-IFA and its 
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coenzvmes in case of B¥ 12 v1tmnin deficiencv .. ; 

confirm the role of methylcobalamine in this 
process [9, IO], At the same time, its high 
blood senun content in patients \Vith acute 
leucosis is likelv one of the reasons of their -· 
1o\v sensitivity to combined chemotherapy due 
to development of the coba!a1nine-dependent 
rescne path in tumor cells [l ll 

Our experimental data concerning 
modifvi1H1 effect of cobalarnines on the ,,.· ..... 

processes of grovvth of transplantable and 
induced tumors in the bodies of animals 
justified the real possibility of using 
coba!amine derivatives to increase efficienc_y 
of chemotherapy". In this strn.iy" ma.in attention 
was paid to analysis of the effect of 
methylcoha!mnine and its antagonists on 
antitllmor activity of rnethotrexate in case of 
transplantable solid tumors in animals, 

~lethod of study, Experiments \vcre 
conducted using mice of the following lines; 
(\,B l/6, BALB/c, F1, BDF (C,-1B l,DBA/2), Fi 
(Cs·1B l,_CBA), as wdl as SHK mice obtained from 
the nursery of the USSR Academy of .Medical 
Sciences ( A\1N). V.lc used the follov."ing: models 
of transplantable solid tumors: adcnocarcinoma of 
the mammary gland (Ca-755), cancer of the 
uterine cervix (CUC¥5), adcnocarcinoma of the 
large intestine (ACATOL), Le\vis lung cancer 
(LLC) and sarcoma 37 ((>37). Chemotherapeutic 
tests were conducted according to the previously 
published scheme [5!. The effect of 
methykobalaminc was studied in different series 
by intramuscular introduction thereof and its t'ivo 

antauonists: difloum-chloro-methvlcobalm:nine 
and ~~1cthykobalami:nc chloropaHadate on the 3d 
and 7'h day after transplantation of the tumors. The 
drugs were administered in the dose of 250 mg/kg 
of mass daily for 5 days, first··· intrarnuscu!ar, and 
second ~ perorally. Cobalamine dcrhiatives \Vere 
synthesized at the research and production facility 
"Vita1niny'·'. \Ve also used methotrcxate 
manufactured by "Ledcrk" {USA). The resulting 
effocts of the drngs on solid tumors were evaluated 
directly 24 hours after the course <.rf treatment as 
well as in the long term, A percentage of 
stimulation and inhibition of tumor gnwvth, 
calculated based on conditional volume 

( 
1
'0 ···· 

1
\. xl 000.-·o ), as well as the increase in 

1\ 
a11imals' life spa11 were used as the efficiency 
criteria i11 this study. Proliferative activity of the 
tumor cells \Vas studied using the autoradiogrnphy 
method with 'H-thymidine, 

Results and discussion. A stimulating 
effect of methylcohalamine on the grov.rt:h of 
transplantable solid tumors has been 
established. Administration of kn:v doses of 
methylcobalarnine considerably increases the 
grmvth of Ca¥ 755 and ACATOL. In case of 
CUC-5 and C-37, the dfoct of 
methylcobalamine \vas less pronounced and 
shorter lasting (Table l .). 

T a b I t• L 1lletltylcob<1lmnille effect 011 

growth of tmnspltmtabfo tu mars in mice 

Tumor 

Ca-755 
ACATOL 
CUC-5 
C-37 

Drug dose, 
mg/kg 

0.01 
{),() l 
(HJ! 
{),S(l 

Tumor voluine, 
'~ ... ~ YS ('.OH{IOI 

Nnrnher of days since 
admini~tcring a drng 

{80 65 
126 37 
47 
57 

0 
0 

.N o t c, ivk1.hylcoba!amine was adminisl.cn .. >d on days } 
and 7 or mmor grO\vtlL Results arc statistically 
significant (P < 0.05) vs. control. 

I:n the rnininml dnse (0.01 nudtrn of mass) 
" ...._ . ...._. _, 

methy!cobalamine caused insignificant 
increase in Ca¥ 755 growth and on day 5 atl:er 
1ts administration the volume of tumor 
excet~ded the control only by 56~·-"i). When 
administering methylcobalamine nv1ce (total 
dose of 0,02 mg/kg of mass), on day 7 of the 
tumor QTO\vth its volume increased bv 2.3 ---. ~ . 
2.8 times as compared to the control. During 
the f-olluwing 2¥3 weeks, the growt11 slowed 
dovm. ,As \Vas shown earlier [12],, the degree 
and duration of stimulating Ca-755 grmvth 
increased \Vith an increase in the dose of 
administered methy lcobalamine and depended 
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upon the mice line. Specificity of 
methylcobalamine effoct on the tumor growtl1 
processes confinns the results of comparative 
evaluation of activity of t\.vo cobalarnine 
coenzymes. According to our data, as opposed 
to methylcobalamine, administering the 
anirnals \Vith a sin1i!ar dose of 5¥ 
deoxyadenosylcabolamine (K.F .5. 4. 99 .2) 
practically had no effect on Ca¥ 755 gr<.)\Vth. 
Stimulating effect of methykoba!amine on the 
tumor gro\vth detem1ined the practicality of 
using some of its antagonists for inhibititrn ..... ..... ~· 

cobalamine-dependent reactions in animals· 
bodies. We used difluoro-chlorometh:yl-
cohalarnine and methylcobalam.ine 
chloropalladate as potential antitumor 
compounds. These derivatives of 
methylcohaJamine inhibited cohakunine 
coenzymes entrance to t11e precursor cells and 
synthesis thereof in the culture of blast
trnnsformed human blood lymphocytes [ 13]. 
Among specified analogues of 
methylcoha!amine, the strongest antitt1mor 
activity \vas demonstrated by 
methykobalamine chloropalladate. Depending 
on the administration scheme, the drug 
inhibited the grO\vth of Ca-755, RI\lSh-5 and 
LLC by 70-80~'0. Under similar administration 
regime, difluoro-chloromethylcobalamine did 
not demonstrate pronounced activity, \vhich 
confirmed our data obtained during in vilro 
studies. This is likely caused by inhibition of 
biosynthesis of adenosykohalamine in the 
tmnor cells 

To ensure justified use of cobalamines in 
the co1nbined tmnor chemotherapy, it was 
important to study various aspects of their 
effect on the animals' bodies. \Vhh 
transplantable tumors. For this purpose, \Ve 

have conducted in vivo analysis of the main 
parameters of cellular proliferation, 
biosynthesis of cobalamine coenzymes as \veil 
as act1v1ty of cobalamine-dependent 
methionine s_ynthetase in tumor cells using 
Ca-755 model, \vhich is the most sensitive to 
these drugs. According to the earlier obtained 

data, upon introduction of cobalamine 
coenzyme, the generation liine (T ;.;:) and the 
separate periods thereof (ti;; t32; tg1 + tm) in 
case of Ca-755 cells does not change and 
constitutes 12, 6, 2, and 4 hours respectively 
f8, 14}. As a result of methylcobalamine 
effect, the numher of proliferating cells in the 
tumor increases si,gnificantly. It should be 
noted that the cell loss factor in the tumor is 
ininimal and increases insignificantly tmder 
the effect of cobalamine coenzyme. 
Statisticallv sianificant variations in the index 
of 3H-thyn;frii~.e-labeled cells are seen in Ca-
755 in m.ice 24 hour after administration of 
rnethy!cobalmnine. In the exponential tumor 
b"rov.,th phase, under methylcobalarnine eHect 
the label index increases hy 1.4 times as 
compared to cont.roL V•/e have obtained 
similar results upon multiple administration of 
'lIAhymidine. The value of the label index in 
the tumor under the effect of 
methylcobalamine \.Vas significantly higher 
that that in the control group (56.9 ± 2J •;·{i and 
42,8 ± I .3~,-0 respectively). The prolifr~rative 
pool value, calculated based on comparison 
bet:\veen the observed and e,xpected label 
indices, has also increased considerably upon 
introduction of meth·ylcoba!amine. 

It is knmv that in the process of gro\,\·th of 
the majority of solid tumors in animals, the 
pool of proliferating cells decreases. In Ca-
755, on days 6 - 14 of tht.~ir gro\.vth, tht.~ 

number of labeled cells upon introduction of 
:iH-thyrnidine gradually decreases fron1 28 to 
9'Yi•. Under the effect of methyh.:obalaminc in 
the process of Ca~ 755 grmvth, a decrease in 
the label index is seen as \Veit However, the 
increased number of labeled cells in the tumor 
remains at the later stages of grm\rth as well. 
Hence, upou introduction of a small dose of 
methykohalamine, a considerable increase is 
seen in the pool of proliferating cells., \Vhich 
are the most sensitive to inhibiting action of 
cyclo-specific substances. \\/hen studying the 
kinetics of growth and proliferation of Ca-755 
cells, \Ve have also evaluated the effect of 
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methylcoha!mnine chloropalladate. Upon 
introduction of the latter to animals, the 
inhibition of tumor gro\vth is seen in the early 
exponential phase [15]. The indices of the 
pool of proliferating <.:ells in the tumor 48 
hours after introduction of methylcobalamine 
chloropalladate already demonstrate almost no 
difierenct~ as compared to their values in the 
control. 

The combination of the obtained data 
allowed fonnulation of a conceptually ne\v 
approach to the combined chemotherapy of 
mmors by utilizing the moditYing effect of 
cobalamines on t11e processes of tumor 
ttrmvth. Considering svnergism of the fo!ic 
;cid compounds a11~l c~bal~rn.ines activity in 
the processes of eel! proliferation, it appeared 
possible to considerably increase the 
antitumor activity of methotrexate. \Ve have 
studied alternative \vays to increase the 
antitumor activity of methotrexate by using it 
in combination \.Vith coba!amine derivatives, 
By increasing the pool of proliferating cells in 
the tumor using methylcobalamine, it \Vas 
possible to achieve increased selectivity of 
methotrexate. Considerable increase in 
antitumor activity of methotrexate \vas 
observed when it \vas used in combination 
with methylcobalamine in animals \Vith Ca-
755, CUC-5 and !eucosis L 12 lO. The 
antitumor effect of methotrexate, viil1ich is a 
specific inhibitor of dehydrofolate reductase, 
also increases noticeably in case of 
sirnultaneous blocking of methionine 
sv11t1Ktase in the tumor cells usmg 
n;ethykobalamine antagonist or Kein 
derivative of quinoline [ 16, 17]. It should be 
noted that antitumor activity of the studied 
Inethylcoba!amine antagonists is insignificant 
and does not provide long-tem1 inhibition of 
the tumor grmvth. HO\vever, limitation of the 
rescue path of folic coenzyme fonnation in the 
cells creates sufficient background for 
increasing antituinor effect of methotrexate 
(see Figure). \Vhen used in combination vvith 
methylcobaJamine chlowpalladate, the 

inhibition of !lrowth of Ca-755, CUC-5 and . w . 

ACATOL increases considerably and takes 
plact~ \Vhen there is practically no activity 
frnm methotrexate by itself (Table 2). 

T " b I e 2. Combined e.tfect of methotrexme, 
C(}/mhtmine derimtfres tmtl Kein quinoline 
on grmvth t~{Ca-755 in C571Jl mice. 

I 
I 
I 
I 
I 

Drug Drug I 
I 

do~t\ 
I 
I 
I 

rn~~::k:_~ I 
tv!e!ho!re:rn.te \() I 

I 
I 

J\:lcthotrcxak + I 

HHHll 
I 

mcthyh:\)b~darninc 
I 
I 
I 

!\.Jdh()!;'eX<lk + I 
I 
I 

meihykohalamnw I 
I 

J0:250 I 
rhl<.>rnpallmhik I 

I 

1kthotrcxak + I 
I 
I 

mcthyh:\)b~darninc I 
10·}250 I 

I 
chlot<.>pi!lladak + I 

'·6 I 
I Kdn mnriolinc I 

lnhJbi~if:-n Hf ~un1f.tr 
~roixth, ~:-~. \::~- C:.i.)nfH'l'1 

Nnrnb~::r or d~~J'"$ -~~n .... ·,;: 
~u.hnini~"'):t:ritu~ a dru~~ 

1-~ 7-8 14-~t) 

75 44 !8 

99 10 9' 

% ~~ 

1(1(1 9{~ 85 

Tn<::rc~.;i;: 

ln;:.mirm1J::. 
lifo ;,pan, 

30 

N o t c. Drugs \Vere administered on dav 3 of tumor 
growth: metl;otrexate and Kein quin~!ine ··· via 
intrapcriloucal adminis!raliou, twice, 96 hours apart: 
1nc1hvkobalaminc ch!ornpalladatc - five tinH:s, 24 
hour; apart 'p > 0,05 

An important factor in the mechanism of 
stimulating effect of methvkobalarnine is its 

~ ~ 

abilitv to induc'.e activity of methionine 
synthetase in the tumor cells. This was 
den1onstrated earlier in the culture of 
mammalian cells and human mmor cells. 
However, not all the ty-pes of tumor cells are 
capable of in vitro biosynthesis of n1ethionine, 
\Vhich is required fbr their growth [18]. 
Therefore, it is worth mentioning our 
experimental data concerning increased 
activity of methionine S)mthetase in Ca-755 
cells as a result of adrninistering anirna!s ,.vi th 
methylcobalamine [15]. It is obvious that the 
decrease in the amount of holoenzyme as a 
result of .methylcobalm.nine chl.oropal.ladate 
effect is caused by reduced supply of the 
active forms of cobalamines to the tumor cells 
as a result of the cornpetition for trnnsporting 
protein, transcobalamine IL Our experimental 
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data confirm that characteristic accumulation 
of cobalamint~ cyan-Co57 by the tumor in the 
exponential phase of Ca- 755 !,,rfO\Vth, as wen 
as formation of labeled cobalamine 
coenzymes in the cells decrease rapidly upon 
administering animals \Vith methylcobalamine 
antagonist [ 19]. 

We believe that enhancement of amitumor 
activity of methotrexate \vhen used in 
combination v,..-ith methvkobalamine !argelv 

.... """" •• ! 

depends on the possibility of inhibition of 
DNA synthesis in the majority of tumor cell 
population. And, although the effect of 
metl1ykobalamine on the rate of methotrexate 
delivery to the tmnor cells is not excluded, 
clarification of this aspect requires special 
studies. Currently, ;ve are in possession of a 
nevv experimental evidence of 
metl1ykobalamine-assisted mcrease m 
antitumor activity of yet another S-phase 
specific antimetabolite - arabinosykytosine. 

1'/. V A~yasishclu.'vc1, Z.P. S1f:v1na. C.D. Golenko, 
F.G. Arsenyan 

ANTITl.Hv!OR EFFICIENC'( OF 
T\tETHOTREXA TE IN CO!\.JBINATION \VlTH 
COBALAT\HN E DERJVATl VES 

Summary 

Improvement of the antitumor activity of 
mcthotrexatc is suggested on the basis of 
modi(ying action of cobalamine on processes of 
the tumor grm.vth. The influence of 
mcthylcobalaminc and two of its analogues is 
shown on various expcrin1ental models: Ca~755, 
Ca cervix uteri and colon, LLC, sarcoma 37 of 
1mce. 

I\vo .altcrn.ative \Vays to increase the 
therapeutic efficiency of mcthotrcxatc arc 
analyzed wid1 due regard for kinetic parameters of 
cell proliferation, of Cbl-cocnzymcs biosynthesis 
and activity of Cbl-depcndent methionine 
synthctasc in tumor. 
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K.1mmu<0-s1tcnep1nt'eH.ta.JtbtlMe acc.lleaoaamm U.QKa· 
aamr, llTO omrn m KotPcpMe.m'O~ nuTaMtura Bi2-
Me1MJlK06Ma.Ml1.I1 n. onpi?,1!.e.11eum,1x yMt)1nmx npo
:RBJIHer cnQ~c1·na, xapawrepttwe. JJ.lnt Mo.n:mjmmlpy~ 
1om.nx qHntwpoe Kauu.eporeuesa [1}. B 11acmocTll, 
K8HUepore.irna~ a.1tnmllOCTb HC:t\OTCp1mc MeTSOOMR· 
wn Tpnn:Toqiasa » rupo:nnrn, aKmo1ras1 napa-o:rccn. 
4;emrJJMOJJO!iH)1fO lrHCJIO'ly, lj. opra!Ul3Me .h'tiiBOT1lblX 
aospacncr npfl o.n:uoapet.tennoM une,11.emur c Ko6a.1t. 
2M!irtOllblM Ko$epMeUToM. Boo11.dcr1n.re Me:TnJlKO· 
6a1nnuma npHSO,ilJIT K 31H1~WTeJJ.bffOM:y cOKpall.l,e· 
aiuo Jr111e:r-tmoro rre:p-rr<>.aa np:N nosaniuwnemrn 1uty 
.AYrtHpoaa1rn:bIX reM06JiacToaon n · cym.ecnieltHO 
naBJ>J.maer- ttac'ro1y ali. p a;unnnHff [2--4 J .. MeTH.mm. 
.cianaMtnt 0Ka2.MBaet Taiooe crnMy.irnpyro~ee )1.elt
.C'l'BHe Ha pocr nepCBlUHH~Mhl.X ouyxoneit [5}. BMtO· 
KllH 6HOJlOM11tecKan awrmmocm ycra.1n<o6aJia11umn 
8 OCIWBKOM. OOJC.tl0.6JleRa era po~·mro KOtjiepMellT8. 
MeTlfOHl!RCij!l"rnraa:N (l(.¢.2. l, 1.13), KOH'I'pOJJHpyro
~ei\ B Knemax: w1e1tom1Tamnu1x M~ra60,!TR3M cpo~ 
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Ill)¢t)'t!IUtS 
13.°' HIBJ r. 

npOTMBOOnyxonelU >'i>tPeKTHllHOCTb 
MeTOtpeKCBT8 npH ero KO.MtiHHHPOlaHHOM 
np.H.MeHeHHH c Ko6anaM.HHOBWMH 
npoH3BOAHWMH 

Jta'I'u. {6, 'll. 3anepwarom..ld1 nan ISoocmrr~a M.e· 
rno1mH.a cocne11aer rnamudl nycx.oooa Me:<aHD3M 
Wi.Kmt $onaraa1.maiMWX peaKU.d B npouecce pot'l'a 
um:.<tOI< rrpu o6paaonamrn nyp1moa n nHpa.Ma)!UUIOll 
{8} {pUCyr!OK), 

Hop1ita.1mubti\: 6a.m.1.t1c Me.iK,zty cao6o)l)mA Te'l'pa· 
rBApo<t>o.i.rn:eaoi KRcJlOroi\ (Tffl>K) u. e~ oMoyrJie
poituct'f:ilM:H IIPOfl$EO.tt.lniT!;UI Stl.BKC:HT OT mrreaeaa
U~H e~mresa nypmto-a lf 11u1nnuf)JJlltOB, a T.a1oxe 
lll<T.Haaocra MeflJOH!-IHCMl!Tet.a:u.1 H )U'!rM;tpO!pMa,... 
pe.nyKTaaw. Ilpv. yae.nnqe.Hrm Ko1me.1rrgan,1m M: eTH:o-
HH1rn. tt03p8CT8.6'f' aK'rlfl:tH'Ot.Th $OpMHJI· rritii1\A,Ul'M.lt· 
poreaa.aw, C noMO'lqhlO ~roro SBeHa u i:tnerxa.x pery
m1pyercff ue TOauKO oow!n ipo~1a1oa, no H caM.o~ He.
aauex.nMmi aMHaoxacnoTht J1oc.11eARee aeotixo;urMo 
JVUI npe.n.ocTnDAemrn a.n.stt:aarnoro KOJIKtteena Me· 
'fROKHlU\ J:t,llH C*l!Tesa llOJlll"8MKROB H 6e.nxa {8) • fly:.. 
TeK o6paTa:oro roptit:alittUUhl ~er·.1u1e1£v'fr¢>K. PeJlY1t• 
'l'S3llt N:eTHOHMU ROlrrpo,1mpyeT T&XJKe C{}Aepx~aBH"e 
MeTKn:-Tfi:l>I\. Buco.l.Ufil ypo~filib IIUCJie.aaen- crm· 
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U:mur ¢-OAlll'.llOA !>.11CJIO'TU R CflT!JllUKt!RllWC np<>a,eccou Ul!OCllil• 
1ua 1.1moRH11a, nyp1!ao11 n rmpl'll(!l,ll:tmon: 
1 - !!<i:tlUa.llflfilllMtllAUl.ll ll!!'l!!Olll!M~l'l:llrerld., , _ ~e~M ~lllttfl1''1>THJ!• 
'!'i)<1.11~,Pa;>UA, 8 - "'1»11.!(Wl#~l!lrte's~a, 4 - ,lllll1IA~~W!llt'Jl<l\ll~a~•. 
S- !>lll'!'l!,Jt~fl·Tl'i>I( Pt,!Sl:..'TASQ, !;- !<l~'l'llll:<l11'll'~l( )\~tll~r~~a:e, 
1- tii<iJUUUl-'rt'<l>M; ,il~~Jl.tl,j)':)i'flliS8ll, 

lKtle.T as1m:ni'ocTt. eepH.H<rKcHMe'mnrpnttt¢cepasu, 
Keo6Xo)lHM.oH: ,11,Jrn 06p11JoaaYuu1 Mer11-.i'!eu-Tff1'l( n 
JJ~eAymmero !popM»ponaRBS! mrpt1MH.n:~rnon coll· 
1..iecn10 c TffMtUm:Jia'l'ctutre-rasott Ilpu yrrneTfHf Me· 
TIWeJI· Tfct> I< ,1terll~pore1:ui.;iill or::}'·illecTBJrnerca Tai<· 
'1te o6pascraauae 5, ln-•1u:'teH1M· H 4,mpM1~.n-Tf¢K 
;J..l!K t..Mfl:Tesa nypHUOil. ilpenpaIU,efUfe OCKOSHOfl 
tpauc.nopwoll 4>opMhl' 6oJJm~soli KHc.110-rM - Me?HJJ· 
Tf4>K. n ri::o$e:pM.elfThl. (Me.'fM.ireu- H r}lopMH.rr·Tf©K) 
Jt.Ul.1£.ll"ll{pye-r xo6a.JHl.Mftttaa am:mrn 11 11e:rKOltt1llCRH'te· 
1a.sa. Hapymemte c.1rnT1?2a ,UHl\ a .Kpc>oeTMJHlhtX 
!Ule.TKtl.X t}eJ{O!leIC<l l3 j>eay.inmrre. «JlOBYUl!tlt M.e'fHJI• 
Tf<i>I\», ctunr.:einrn miu:s.empinurn cB060KflOM 
TflllK l:l. ee KO$ep~mfl'OR n:p11 Ue,!l,OC'fa'rotlHOC?H BH• 
TD.f.mHa B12 n()}{TaepX{ilS.eT ima'lHMOCT& B ~TOM npo
lteece lll.e'l'HJllt0elanaw:1ma {9, Hl]. BMet'fe c TtM ero 
BhlCOl\oe CO)tep}l{.!llnfC B Cb!BOporr<e KpOBH 6o.nhlihlX 
OC'tf)b!M Jie~K030M SIBJHleTCll., flO·B!i)UfMOMy, OJl,ROi% 
1!3 npMtUl}l me M8JIOfi: tfYIJCTilH'l'eJ!bHOCW K XOMlJH'· 
tJllj.:)OlH!.Hli.OJ.i XRMHO.'l'epanHf.I tlnaros.apH JlllS!lWI'RlO 
Ji'.06SJHfldJUIS2BHCJfM:Oro cn:acaTeJJbHOI'O IlY'rH a ony· 
X()JfC!H:ilX {!.rretKM! [ll], 

Hama sw;:rrcpinmn-raJihm.iH~ ,nJIIIHble o MQ.Aliqn1· 
IUipy1omeM Ae.t!CTlllUf im6aJ'{ll.MKfiOS IU1 npou.ecchl. 
poc:ra nep·emrnaeMLIX g rm;zynnpyeM&X oriyxo.n:eii 
n liprmmaMe. lICHllOTllbl.X 000Cli0ll(lM1 pea.l!bRYLO 
nmmO)lUl:OC'fb ucnOJ'lb3{lBamrn KQ6i'UlrtMtHIOBblX npo
¥!3.tJO)(llblX )l,JHJ IlOlliiWeJfHSI a(fltjleKTHSTIOCTR xmrn:o
Tepa\i.l'lH. B ;uuui:blx RCCJ1e».o-aai:1:al'lx oei;1onH.oc Botm· 
uaime y,neJutJlH auamtsy Aeikrnfw Memmi:ooaJI
aM'lil?a a cro anraromicTo:a n:a 11porusoonyxoneay1n 
aKTmmoCTh MCTO'T'peKcara npa nepemraae•fhtt c6· 
JIHJl.RWX Oll}'XOJill.X .lKIWQ'fRill:X, 

. MenA•tt• 11cc.i1u.011.llll:1lll. OnN'l'I>! npoBeJJ:efll:ol ua 42U xmuax 
..itlllltlff C57Bl/6, BALB/c, Fi, BDF (CS7BIX.ltBA}2}. F~ 
(C57lMXCBA.), a nio«ll >ttt MNmax SHI(, no~~itum noi 

m11'0Mllff"2 AMH CCCP. HaMI! lfcnom.aos.artti ~mae 
WlA®Ul tl~ll .. !U•liilX c6.ilMt!bt:< 011}':(0Jlell:; a,ll;eMMilJ>tt!l}rO!lra 
lllOJlo•u1olt JlroJlesw {Cs-155),. pan: webn ro1anrn (Plll.M-5), 
S).l~!m.aplUUWMU 1'1ML'1'0rti 11muc<rn11xa (Af<ATOJI). paK .. 1~· 
rroro Jl:i..:i1tc (LLC) f.t cap«0w:a S.7 (C..37), XruAKo-npannrn· 
tj(!.C11ae Oll:liTM llj)Qlle.11,C!lt.! I COOTll~tUf c !)1ilt00 l)llydlm:lro· 
uaana.~ a~cit (!Sl. B P!1.S!Uil.lt c~irnx utt.i:~o1.1s.110 1um!!ll.1-1e-

30 

1.rerrrJ1K06llll aum;a, 1mmp:&Jl'.t s110.1u1.:nr l111Yl'f!t1Mhlme.11110 Ka S·ir 
R 7 ·e CY'f'KK noc.1e nepe111m<u onyXOJteli t-1 .itay:i; er-0 llll't'lf'(';l!Jt> 
010~; u-0p.11.x<Jm';p· u xno1ma,'UJ<:AU"!'l.l Me'l'Mt<otl<1J1a1'!111<11. JI~· 
tl:R?f."<i=- 1l9Q.lll!-'\11 9 Aoae iW t1;rfi;;r lilac~ ~~el!,11et1l!O 11 'rt~e· 
1u1e 5 c)'ttll¢, n:epB&it - 11»yTPllM1>tmei1t10, a 11rop0-lt - nepo· 
pa11Mm, K:o6ualtlJIWJ?we npo1m00Alt1xe Obl'Jtk el!HWi!Jl-OBaf!M i:t. 
HS}"ll!(Hl[Wll'!llO)l,CTBetJJIOtl OIYbe,!1,lll!l!llllll 4'61:W!M!l!llll), lie· 
tWJ11>.'ltJ9~J!.lf T~1n1<e M~~KCll1 («leder!e», CU1A}. Pl!3yni, ... 
rarli( AeJICTBrui npenapafOa 11a ®.mHlHbl~ oo:yxomt O!lcllmuwu: 
amocpe.ac111et1llo >Jepes 24 'f noc.ite icypca ./le<J:~WJ a e crAa· 
iiemwe cpo1:1:1r. l<.\Htrey1.1ti.i. t1t!J$e'K.7!!iHoc-rtc: np11 ~M c.11yR®1.~ 
n11011.i!:ll1' CTH/il'y.111!.tUIH: l! 'l'i'l:JlMoJ«enn.st paera ooyitMll, JJ l:l'!llCl!Si· 

Va~tii.. 
eaue uo ywoaitolofy oo'l>BMY I 7-,, 100 % ) , H y:<e.11!(i:lell!re' 

~ 
lt{loA~l!OCTlf 1K!!Stm xml:lO"l't!btlt. TI{'ICJ!11if*panta11y11> 
!lll'rll:OO:l.lt'rl> ouyxo11e111,1:i( KJll!'l'O!{ lU!C.ltll!,lOB&Jl" c TIOMflW:W Mt-
tl>):l.'l a:llTOP~~11orpa¢m1 c 3H·'.l'l.!Mltltlll!O.!(, ' 

, Peayn.:&Tarw ucc,11e~o1u1.1rnii K HX o~cy.m,1te1:11t:e. 
~ctanoa.1J.e.110 eTHMym1pyroru:ee Ae.ttCTsHe Mc.Tn.rnro-
6a.11at.nrna na pOcT nepetnmaeMhlX c6.in1AHNX ony .. 
.xo.1eA. Br.1e,n:e1me Ma.11ux 11.os ~H!1'11.1uw6a.JraM1ma 
31Hl.'ill're.llbUQ y<:KOpM't pocr ca. 755 fl AK.ATOJI. 
He cro.11& ewpalltem:roe H 6oJiee 11.-pa'I'J{oapeue1moe 
cruMymtpyromee l(eAc11me MeTH.1fK06~ui:ay1nta B&i· 
saJteHo npu PillM·5 it C-37 (u6;r. 1). B Mmm· 
MR,lfol!OA J!.03C (0,01 Mr/Kr MaCcN) '!.fe.Tll-llK06aJta-· 
MRK ycn4'l.Kll~W. poC'r Ca-755 He:rn:a'tiwrenl:>'HO u Ma 
5-e cyrKH noc.11e ero m:1e,1te1uu1 o6'beM onyxonu: 
npe.IUiWSJI KOH'fp0.1.b Jrlill!b 118. 56 lli. IlpH JJ.BY'" 
Kpl!.TllOM mie,n.effltM M.eTt1J"IK06a.naMHlHl. {C)"MM.liP
mui J.(oaa 0,02 Mrhcr} na 7-e c.yr1m pocra orryxaJm 
oo'beM ee yae.11H1rn1rnJIC}1 n 2,3-2,8 pJsa no i::pau~ 
neuaro e 1wmpoJH?M. B TIOCJIC.ll.YIDW.He 2-8 Re.n.e· 
mi pocr onyxmrn saMellJlfl:.JlC~. Kat< noKUaauo ou~ 
Hee [!2], creneu.b H 1!pOJ(OJ'l1RH"fe,'}hf~OC'l'I> C'l'HMY· 
JHlllHR poc1a Ca-755 noapacrrwu c yaemm:.nneM 
.ll.03bl BJJO.IJ.}!MOro M~TH}ll<'Ol'foJrnMmrn. H :1m!HCC.Jlll Cl'f 
mnum Mwmeit Cneu:atj>uirnocn. ,1mkrirn.n MernJJ~ 
iu .. '6a.rni,nurn m1 nponeccr-I pocra ovyxo.na U:OA
'tf:.IC:{rn(.!l.aio~· pe3y;1b'faTM c:p.a~mrre.%Ho~ 01\ellKlI. 
aKTtmuocn i(nyx 1w6<.wa~.umc~wx K01pepYen-ron. 
Cornacno nawnM 1v1.mr&tM, n owwme or MC· 
t1Hnto6a,m:iJ11mrn ase.n;e1me iKU»O'fl4b'iM n1uin¢flt\I~ 
noi! . .no:ni1 5-.n:e:mKcna1teuo.sn.11KooairnMHHa (l(. 
'». 5.. 4. 99. 2) npaK'l'li'!fetRH nc n:m.iuw ua 

r a 6 ,1 u If a 1. BAtuina~ ~11JT1t!licoo:(unMu1m 11£t 1'lor-T 
fltpCBMMAi/4 Dl1f1XO.Aeu MbfEIItil 

!-~ 

C~·755 0,01 180 
A.1<,A.TOll am t2G 
PillM·!i O,OJ 47 

C·37 0,50 51 

1-& 

(lfi 
'J1 
0 
0 

rr p ll t.;: (! tr a ll n e, Merum:o6MllMRll nllOiX:!!Jl!I lta 3·1! If 7-e 
c.ym.11 poc-ra onyxo.·m. ~'fJU~T.&1'1:4 r.:rl\<r11crwi~1::1111 ,n.ct<ro»tlj'I• 
ll!ii (P < 0,05) ITG O:'fl!Oll.!!~HlllO K 150HTpo.JnO, 

l 
I 

Sandoz Inc. 
Exhibit 1002-00839 

Teva 
Exhibit 1002-00839

Teva – Fresenius 
Exhibit 1002-00839



pocr Ca.755. CTHMymipyromee Jlieiim»e MeTHJI· 
KOt5anaLmm1. aa pocT onyxoJieit anpe,n:.eJtBJIQ n~
.rncoo6paanoc1-r:. Hcno.11;,30.eamm ue1wwpax er<.1 
at.IT8.NHRCTOB JVlli TOpMO.>KelilU! 11:ooa.nat.nrn.aaI1UCR· 
.MW peaxu.:ai s oprattas.Me }KBBOTltMx. B Ka:qecr:ae 
noreml.ml.Jlb'liliIX npotHBoonyxoneshlx coe.1u:rneml:i1 
lta.MH 6u;m ltCC;'le,D.O!lUlliI XJ.10p):(H$TopMe.· 
'1'Rl!Ko6am1MHH K x;iopmu1.rrnJtaT M.erxrit-m6aJia11-nma. 
Elm npol:l3BOA!il>re Me'r.H.ltlt008.JH1Mlf1Ui 'rOpM03H· 
.im B K}'JihType 6Jiacrrpanc$op1i.u1poilamni{X 
.'tnM$on;a:ros KpOBH 11e.noseKa n:ocrymremi:e a 1rne· 
ri<:K npeJJ;ruecweanHKa Ko6aJfaMlfHOa1:iu. KotPep
uenTOa K HX 6aoc.mrrea [131. f:fa yxasa1HU::1x aaa· 
JJOMB MeTliv'l.IWOMaM.liHa 60.i'lblll}'JO npO'!'HBOOfiY· 
.!QJlC.UY!O RK:rJUHlOC'I'b IlpOffRRJJ'. J(,Jiopna.nmu1..aT 
MeTHJIK06amu.uma. B MBHCHMOCTH (If cxeMbI BBe
jl;l?HfHt npenapar wpYo:urx poet Ca-755, P. Mlll-5 
K LLC sa 70-80 % • flpH amlJIOrH'iHOM. pex<KMe 
:ssel1,en.1:n1 XJ1op,1.1,11qrrnpMeTl'{JIKo6aJiaJ.nm ne npoK
.BHJI: BN.paJKemroA aKTRBl:IOCTH, ~TO no.!(TBC?p2K'A,aJl:O 
Haunt J!,a1:nih!.et no-;1yqcHHh1e npu 11eCJie,11,onm.um 
in vitro. Ilo·BH.IUtMOMy, ~TO o6yCJIOB11eHO npoac· 
XOAHUJ;tM TOpMO)lCfllUHlM 6HOClfffTe3a a;.i.eUOSl{JlK!;)· 
6a.nunma B onyxo.rreaHx K;teTt<ax. 

,ll.Jur 060CHol'!a.1moro npaMeHeinm 11.ooaJHn,rn:no:s 
a KOM6mntposannoi x1rMMOTepa.1n1M oriyxo.ietl: 
aa»<Hoe :rnneirne HMe.'lo usyqemre paam1Tnu~1x ac· 
DeKTOU HX ,l\CitCTB!UJ Ra opraHH3M }Jl$BO'l'mn c 
nepearmaeMhlM:H onyxo.iui:r.u1. C 9roA lle.t1hID na 
MOJ.leJHf Ca-755, HaRt'fo.riee. 1:1yae.TBHTeJll;,llOH K HX 
noa,JJ,cltC:TlUJlO, M.E.! f.!.CClle,!iO.Ga.'IM in vivo OCHOBlibie 

Iu1paMeTpbl rrpoJIH$e:par.um K.!IeTOK, CHOCHJm?:S KO~ 
6anaMm-roawx iwq>~pMer.rron ir aRTllBHOCTb xo6a..1a· 
l(!ff!3aBffCRMOit MeTHOR'HlJCHRT<!T!l.3bl n OITyXOJH!Bb!X 
KJleTKax, CorJJactto 110.ttyi.1e1,mbtM pamie }.{llHUbIM, 

npn nne.n.cmnr ito6aJI.aMm1oaoro Ko$epMen·ra np~· 
MS! reaepamm (Ti:) TI era OT,ll,e.llbHblX nepao;tos 
( tB; t~2~ tg1 +tm} I<Jle.TOK Ca-755 He BaMefHH~'iti:i: 
H COCT8BJHter COl)1'lU~fCTBeut-ro 12, 6, 2, 4 q [8, 14J' 
flpn uosp,ettcrrnrn ~H:'!Tammoamiwma a onyxo.m 
cy~ecwet-mo ynMttlfHBaeTca KoJmqOO:Teo npo.1u1· 
$epttpy1on.u1x ttJrnTOK. Cne)l.yer OTMeTH:Tll, ':ITO 
ipat<'rOp norepH Mero!t B ori;;co.1ra MffmIM!W~•I n 
noopncT.'.:l.c'r necy~ecraermo npH nos)leik.'I'nim 1m-
6aJtaM1tlroaoro Ko!j,)cpMtmn. Crarncrw.recrm :rna
'IIHMUIC paanninrn HH~e~~c.a Ml'.llleHH.bl.X. aH·THMHJJJt• 
HOM x.11c:roK O'!'Me.l.la10-rc5f B Ca· 755 Mbl.we:A 1:1.epeJ 
24 q noCJre nne;r;e11:rrn Menw1to61u1a~m1ut B .9Kcno· 
Kenu.HMhHOtt qrnge pocra onyxo.mt npn. BOa,n.ea:cr· 
BUH Me'l'Hll.KOOMllMtUia lU:!AeKC Me1'J{K )":SeJ.lfl"t!H

nae:ren u 1,4 pa3a no cparmemuo c KowrpMeM. 
Ana.norK'tubie peay.'l.I>Taril naJJylleHht :liBMK npH 
MRoroKpanIOM rrne..Qemu~ 81-l·TMMlllUtRa. BeJ1HtmJ.m 
HHAeH.ca MG'l't{lt B onyxoJU! npH .G03):teikTJ3HH 
MeTHJIKOOalJaMHlfR 6utJ!a cym;ecre.emm 13.hU.O:e XOHT
pon.R {56,9±2, l o/o « 42,8± 1,3 % coOTBe.rc·rseH· 
uo). 3uat1e1me npo:rmpeparmnwro ny.n, pacclflf· 
TaHROe MetOJtOM cpaaHe:HMJt na6.ino,u:aeworo r. o.»rn· 
Jr,aeMoro HH,ll.CKCOB M~l'K!'f, Tll.K.me 61.JlJIO 
am1.ti:MTeJJMIO fiOBhlIJieno npn BBe}\e!-UfJ.l MeTHJlKO· 

6a.rramma. 

Hssecrxo, tlfo n rtpouecce pocra 60.iu .. nutHCTaa 
c6Jutn.RhIX ouyxoneii HnrsoTH.NX ny.n np0.111upepH·· 
pyrom:ax KJJeroK yMetu,ruaerc5t. B Ca· 755 Ra 6---
14·e cynm pocn KOJUltiecT.Bo Meqeaax t<.1Ierolt 
noc.ire o,ll.'Ho.Kparaoro a:se,u.eH.Hl'I: 5H·Tll:MH)Uma no~ 
c1eneHHo cmuKae'l'c.ff c. 28 . .n.o 9 %. Dpa aosµeftcr-
m·m MenrnK06a.1J:aM1urn B npon~cce pocra Ca¥755. 
T<llOKe aat'5JUO)l;flet'CK YMeJibDlemre RH.AeKCa Ye'I'KH. 
Oti;na.Ko upa ::>toM no.aw:ueunoe KO.'fll~rncrao Merre¥ 
Hbl.X KJieroK B onyxOJJH cox.pairnercst H B nosp.Jn:Jx 
CTa,n.affx pocTa. Tax11M o6pasoM, npn Dne,1teanu 
neoo.ni.m:ott AOS&I M~.a.rrxo6aJ:ta~rnHa rni.oJltoAaer-cH 
cy~ecTBesxoe )'Be11Frnemn~ nym1. npMv.$epnpy10 .. 
lll;!-fl!: RJie'l'OK, 1rn.u6onee llJBCf.Blt1Ml)IU.iIX K HRrI:t:6u .. 
py1om,euy ,AeJktinuo ll.HKJJ.ocnett.mPwteclrnx se
mecrs. Dpu acc.11:e,n.q:umu1x KrtHeTBKl\ poc.ta H 
npo.nwpepau.mr. Me.TOK Ca-755 M& ou.eKH&aJIR 
-ra1rnrn . .ae!'tcTBHe x,1JopnaJJJia,tl,aTa MeT&."lfKOOBJJUUI· 
!UL ripn. ero BBe,QeHRR lKil:BOTlfl:ilM TOpMO.H<eIUie' 
pocTa onyxoJie!l o:r.Me!faerc.n a palIH.ei* sKcnouemu-cM 
aJibHOt1 l}laae. f15J. fi()l(asa:TeJ!H .nyJia npMa¢epH
pymmru:: R.1te10K B onyxo,un l!ep-ea 48 tt rroc.ne nos~ 
,u.ef1cTB1H.! XJiopna.nn.aJJ.ata MeT1'L>1xo6aJUlMJ:1lla yMe· 
cy~tcTBeHHO He OTJIH1":13101'Cll OT HX . 8HR1ieHJU1 n
KOHTpone. 

Coao1cym1ocTh nMyi:reffmlx aat.Jli .n;aHRh!X nos·· 
BMHJ!a C$OPMYJIHpOBfl.T!) rrp.mlU,HntUWblIO ltOBlill 
no.a.xo.u. K lWMGrumponaKaoA RJ1MHoteparma ony .. 
xo.11eA a.a ocaoBe RCIIOJ!baOBOO!IK MO,ttmpMll.H!>YIO· 
mero a.inrnintil xoeiua11111Ho:a Ha npouecc& Rx po .. 
CTa. Yll:H'fl::l1Htl'! crmep.rxsM ,neikr.inrn. coett}lHe.tn:rA 
cpo.mi:enott Kl'!CIIO'l'bl t·t xaOanaMIDJon B npou_ec:cax 
rrpo.11n<j)epamtn KJH~roK1 npe,llctanJt.llJtOCD DOSMo»c« 
HMM cym.ecrnenno nOBblCRTh rlf>O'rlf.BOOllYXOJt~llYl.O 
aKrnllaCeT.I> 11rnT0Tpe.Kca'l'a. Mu HCCJie;:tOllaJlJ.I a.1ur 
TepHaTKBHble nyru nospacn:RRst upcmmoony:xo.1te
noA aKTHBffOCT.U Mewrpmtcara npH Cl'() KOMtfa
mtpon;umoM npHMcHemm c tto5a.naMtulOru:.tMH. 
npoRaao.n.Hhl'Mn. IloB&rwen1m: us6Hpare.irtHOC1'lf Adi~ 
CTDHX Me.TOTpeltea'!'a yii..a.uOC& AQe'iHf'H)'Th n. 
peay.nuare yuenu11en:1u1 s 011yxo1u1 nyxa npom1-
(pcpnpy1ow.ux KJleTO.K c UOMOlltbtO MeTHJl1t06!l.JJ8~ 
Mmrn. 31rn1mTeJ1Mroe yae;mtte1me nporanoonyxo
.n:enoll aKTnnnocTH .t.tennpe:Kca1,a Ha0ll!OJJ.i110cr, 
np-a cro CO!,Il?TllIU!OM npHMelreHriH c M6i.'H.l!:K06aJia~ 
MHHOM y >KHaOTRb!X c Ca· 755, PmM-5 R'. #Iet\Ko~ 
MM L l 210. ITpornsoonyxo,neabrlt sqHpeKT Mcro
·rpru<ca'l'a - crreimqrnttecKoro uHrH.6mopa ,1mrnipo~ 
(j:lo.narpe,n,yKTasbt aattte'l'RO aoapacraer rarrnte nplt 
OJtHOBpe.MeHHOM 6.iro1nrpOt!aHBl{ n onyxOJre»bfX 
Km!1Kax Mew:om1:m:1nrreras.l:i c. noMo~m mrraro-
rmcra M:e'l'unxo6aJrnMmrn. HJfR rrponsao,ituoro xmro
JIHHa 1\ethrn f16 1 17]. C;ne;izye-r orumi'l'b1 uo 
t!pO'l'HB001IYXOJrean>£ aKTallHOCTh HCC.'!f!AOBtUlllb!X 
a1rraromtC'l:'OB Ml?:YHJIK06aJ1E.MHllft lle&natmtelhHa 
u: HC o6ecrre1:1rui:aer ;\JlliTe:JI&Horo -ropam.}KeHJfH. po· 
era onyxonn. 0JJ.fl:a~o orpeHWiesa:e B KJtenax: 
cnacaTe.ITT:>Horo nyrH o6pasoaa:iraH ·@o.na esbTx. lto~ 
cpepMeBTOa COSJ;tUT JlOCT31.'0'JHbll \j)l)}{ ~JHt YBMH~ 
•re1urn: np0'!'1.raoocyxo»e.eoro tte!lCTBIDI '!oRITOTpe:«~ 
cnh (cM. pncyHoR). UpK ero KoM6mmpoaamtoK 
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Ta '5 If. u ~ n 2. J(o.M.6anupcecut!We fJtacr~ $Tarpel'>1:t1.ra, 
GWtl.taMUNGStl+X npcuatt&fJH.~1' u xa.~M: Kei!Ha Ha pac'l 
Ca.·'165 Mhtt.i.WU AUHtul C5'!l!l 

Mem'l'pel'.:~ t() 15 « t8 Q 

MeTOTPeKCllT+ 
lll+Ml 99 70 9' 19~ + AfS'l'Mmrol:illJll!MITT! 

Me'ro'ipe11:c11.v·1, 
+x.iop11a11.1nuttn• 
ll1Cfl!~1IWtMat.!l!Jll Hl+250 98 aa 1) 
Me'l'Q'l'peiccn+ 
+ lJIOplfMJl!l.ll,11'1' 
l1HlT!llfN06ll~IUtfln'!li+ 10+ 
+ XllltfM:lf11: l<eAlla +250+6 100 96 a5 80 

tl p ii \i e l'I ~ .U » 9. n~nsipaTill llt10AlfJtl1 l!ll 3·a cyn<li IJOC'ta 
a1tyXMfi'; Mt'rmper.car n x100M11K Kei!tta - allY'f{IKt'ipioJlllllrHo 
J{ayKpnuo c um-epai:Wolot ~6 1:1:; XJ.tOPffaJL\la~a,. ~tet'llJ1Ko6Ma• 
\i\lll'la - nnru~:p&Tnc t" ~IR't~fl''lla110M. M ·~. * p > Q.,(15 

rrpaMeRmJRM c x.iropnaJJ.naiu1roM Me1it.nK06a.1tnv.a· 
mi TCpMt>>Kei1ae pocra Ca.155, PlllM·o,. Al(ATOJI 
cynr.ecT.aemro ao~pacner- K npoit!MHercst a c:pot<lf, 
KOrAa alt'l'ltBHOCTb O,!l,HOro MetrotpeKC&'I'a npaKTH• 
trecK« OTcy"rCTByeT {Tafi.n. 2), 

8 Me.XaHllSMe C'l'MM.y..tmpymIUerQ ,u;eilCTHS' Menm~ 
xo63J1!lld:Mka IUi:IKflMM JlBJJSteTCH ero enoco6110CTb 

liRru11.{1:1POllaTh aNTHBHOCTh Me"l'HOHHHClHM'eTastit D 
onyxoJJenNX .IOH!TltQJ(. J1'0 npoii,e:M.OHCTpl!pOBalm 
paaee 1l BYJWrype KJie-roK MJtetronma.rom.mc H onyN 
.xolfeBNX Met:ira.x: qe.1100et<a. OJ1.1iatto ae nee 
J:HJ,!Ui onyxo.ne:ablx: tcJte'l'OK Moryr 0~0012.l.fmt. 

in vitro 6.Hoc1n1Tes MtrHOit.Haa, neotlxo.zt.HM!id!: 
~Jiff. MX pocTa [18]. :B c1rn:m c s·rttM sac.nyN 
.lKlm<ilOT !HI)!Mamrn HalUH $KCn£pHM1:$.'1'11Al>H.bfe 
Ji.8:lfH:b1e {) Boapaeran.Hll ll:IU'H!U!OCTH Me?'HOHln!Ci{M.• 
Te1'a$N B KJie'.l'trnX Ca.756 11.,P.H BSe,U.e11Hl{ ~'lJBOT<
flNM MeTHJJKOOIJUl.NJilla [15j. 0\IfBBJI.llOi c1m:m.e· 
rule KOJJ.lltreCTaa xoJtoq>ept.teaTa npx soaJ.1.eitera.au 
;wop11aJ!llafl.S.'l'a MeTHAKOfiaJiauRaa 06yc..101Meao 
MeHLlllHM ttoerymtelllieM B onyxoJtenue K.a:crlGI: 
!KTlfllltI:JX tPOPM Ko6a.JlaY!UfOD a Qe3YJibtafe {(()It~ 
"KypeJU:tl:Uf a.a Tpa.HCllO'f)'l'RMA 6e:JJOK - tpanCICoefa. 
.JUl.Mltl'i II. Hamn a1wneptn1leHra..'JbHll!e .n.ruuu~e 
nop:nep>K,1J,a10T-, "<!TO x.apaa:Tepaoe muronneirn.e 
OJIYXOJlhlO ~mra~Co157 Ko6a.'laMMH3. Ii HCr!OHe!Jll,Ha~ 
JII>trol'I:: quise pocta Ca~ 155 11 tj)opMHpoaaa.11e a 
I<JleTMX Mett:etniX KoCiaJtaMRKOllbtX KO~epMeRTOB. 
peaKO C.lfBJKaIQTCI npK BBe,!l.eRHB }l\HBOTHJilM aHTft• 
1'0HHCTa Me.'l'n'1K06aJiaMH:lta [19J. 

YcueRne npOTUsoQuyxo.11.esos rutTil.BHOOTl!. Me· 
"lm'ptKcaTa npm ('}.li.'BOl!p~eHHO?l1 llpKM.U.emtH c 
M:e.'1.'amto6a.itaMHRoM, KaK MLt no.n:araew:, :Ii sua
'fli'l't~hl10A cnnooa aaBHCllT 01' ao~UlOlttl:IOC.TH TO.PA 
MO>Kemo1 Cffwresa JJ:HI\ 11 t.iOJ!I>rueft qacra nm:zy
.n:stl.Um Oil}'XOJICBl:ilX K.t1eTO{f, H lOTH .ri:e RCKJJKtlll? 
uo nmu1aite Netttia1to6ana»1:1trn 11a c'IIopoon no-

eryn.nemm MeToTpexcant a onyJo.ne1n>1e K.'ieTn 
f17J, a1:iutcHe1rne sroro aonpoca Tp~y~r cne1urn· 
,lff>HW: ltcc.11e)lo.1urn1dt B Hacrol'!lll;ee BpeMj:! MJ.t 'Pllt· 
nonaraeM HODblMH 3KCIIepBMCRT8JihHl:iMll l!.O!<asa· 
'l'Stl1bCTBAMH no1n.i.memrn e ROMOW.blO Mel'!Iil!WOaJ.I· 
&MR!Hl 11pm1t.aoonyxOJ1eaoi1 aKTRBNocn M .ap-yraro 
S~$asoeocn~ll.li.QH:imoro a.RTl:U~eratJMRTa - apa. 
6m1:osu41.rwros1u1.a. 

N, II. }.ff1(1SishthcM, Z, P. Sof in.cs, 
O. D, Qolen&t>, F, O. Arm1.yan 

ANtliUMOU{( EFFICIENCY OF METHO!.REXA't'E 
IN COMSlNAiTON W1Tl1 COBAUMTNE DERIVATIVES 

Summary 

Improvement of the <111.tihlmoJJ.t ad:lv!ty of methotl'ei-ttte i$ 
sugguted on tM he.sis of modifying aet!M or robalam!ne 
on pro~es of llie tumottr gro\\•!h, The int!uence 0% methyl· 
~bal11.mt1:1.e and two af ft& a.nalogtms i& shown on various 
n:tperimant1l modela; Ca-755, Ca c~-vU. ut~I nnd colon, 
LLC. urCQrna 37 of mice. 

Two tltematlve waya lo increase the tllerapeutk ~flciency 
uf methotm:ate am aMl)'zerl w!th due regud for kinellc. 
parametus of cell prol!f1iu.t1on, of Cbl-coenz}'ttl~ biru;.yntlle· 
&1a .:and actk'ity of Chl·dependent metMoo!ne aynil)ebse in 
the tumeur. 

Alt-Un!en: Cancer .Research C~ntri;_ 
Aetidem.1 uf Mtdi~l Sclences, USSR, M~cw 

l. Eosoecrc11.ti n. A. Mo.1mijmuapyt01Uae $AIM'OJHi ll!)ff Xllll:B• 
ttea<ov Ramt~P-Ori>tt~ - n<inwt'Kll ltllacm1qm:iu111,!lff.
:S Kit.: .11,0KJ'i. AMH CCC? no npod.~~e dlHo.xiut1:1qecxtt~ 
ac:nvcm aJIOlU'l'.ecr!'l>~nRoro pocr~,. T8ViR!l< 1917, c. JI
M. 

~. J.fowioao B. Ji., Eaaiccett B. Ji,, Paywim6u M. 0 . .Mexit· 
ItllSLf 01ipa3<>oa1ma 6Jlaero1.1orcn11oro 111en6omrra -r11po:s11· 
1rt1 -- n-oo:e11$emi;i!lMo<tlil>it l(U1:.11on.i y !'!-0ni1N>: .reloiO· 
(iJU1cro30M.- Upo6Jt. re11a.TMO!'Klt rr nepe..moa:mi.s h<pc!l!t, 
1978, 23, N~ 3, c. 44-Sl. 

3. O .11.edKO,{Wcewth!X a 6.1ae'l'CIMOl'eHll!il cnol!ena."< neK01a. 
pwt w~l'at:lOJJKTO!l t-parrtolf!aHa f M. 0. Paymcni5u, 
E. H. )i(apoaa, B. A· t111a11011a Jt Jl.13.- Ill'lo(S.u, re!.!a10> 
.1orrm ff n~i:iM!l:aamin Kpco;m, !001, I>, M 10, ~. 3--8, 

4. l{yapMt~ H. A, l3mumire r.ferwix.o6aJ1.a:iirnm1 ua pa.sax· 
'tl!!l reMotmi!IC'l'030ll, ~lHJiyn.ll~CAalltlMX i.wr26o.'ll!Tll.l11\[ 'l'Plt~ 
nT1:1¢11u.a it 'tllpoaima : AM<op, JUIC, ... tt1U1A. t.te.n. uaJK.
M., !979.~ U c, s. B.miixu.e M:etll~11\0ti.M.il!<Ufll!l !Ill 11_tlQ'l'llllOOllYXOM9yro lit(· 
'l'llBtroe'l'b lfe'l'fJ't!l!lKCllTa (siCU6.jl:ffMel11'llJll>llNe ff~Olil• 
1m.1t) l Ill. r. Apcelllrn:, H. B, .A11tClllll,e1.1a, a. n. cmin.1nu1 
11 .is.p.- Xav,"'41.apu:mt. l!rypn. H17S, t2, Ht 10, c, 4.9cM. 

6. Mttngum. J. H., MtutaJJ. B. 'k,, North I. A. Vlfamln B·l2 
dependent meth!ontne biosyntlil!afs in llE·p 2 cell11,
B!ocl.e.'tl, and f\lophy$. :Res. CommUll.a, !S6S, 62, N t. 
p. JD5-1lll 

1. 8Utk8 G. T., .Mangum J, H., .Bradli /. D. M00111nism of 
mammalian wbafaml!le tlependimt me.thiottine bi<lsynlhe· 
sis.- B!m:het11f$try, 1971 Hi, N Hi, p. 3079-3085, 

8. X,,,bg H. A,, Hem$ R .. TgleJ" B. Tllll rGgu!atloa of folate 
and m~l.h!anlne melaboli.sm.- Blocbern. J., 1916, t'8,N2. 
p~ 341-363. 

!t Sauer H,, WiUma.ntu W. Cob21amfa dep.endent mi!tl1ionl· 
mi synt.h¢.S1s and methyl-folate trap In human vitamin 
B·l2 der!cleney.-Brlt. J. Haemafo!.., 1971, 38, N 2, 
p.100-198. 

10. Metz !., Kelly A, S111f!et V. C. Derenge.d DNA synthe!is. 
by boM mam::iw inim vitamin B·12.Je.ilcie11t hwnan.1.
lklt J. Haematol., 195&, 14, N 6, p. 515-&ia 
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l.1. Macu~eaa H. B. Oco6emrOC'tlf o6a:e1111 co~~l!HCMliA 11nTa
MJ1:aa B-12 (trn'6uiu.rnims) npa .11eAxoo~s:.-B Kl!.: Prum 
Zl!U.Orerulb!x $ttlit'I'Opa11 11 pf.tllllf'l'lfll: Jlekoson. M., 1914, 
c. lll-151. 

12.. K MXCllUl3Mg .11.ellcnnLa: Mem.iu106a.iiai.urna Ha npOT11ao· 
ouyxOJlet:yro airrJralloCTi. xe'l'Ol'petc1.1a I 0. Jl.. fOJ!enltO, 
iii. r. Apeei!IU£, H, B. MsiCY1meat1, 3. n. Coqi1>1u:ea.-$1tc
nepm,~. ollXOJit'<N!ll, J980,. 2. M l. .c; 62-&S. 

13. lrr.le1fsrence by methykobal11m111e imBloguu wlth syn· 
t1iea\s l)f coba!>1.min ~n&:yme.<1 fo hum11n lymuoo~ytM In 
vitro J N. V. Mjll:>ifficheva, E. V. Quadrot, t>. M. Mat· 
thews, J. C. L!nnelL- Bioc:nim. et blophys, aeta, 1979, 
586, N l, p. SJ~. 

H. I'o.MN,;a Q, )!., Apcefl.JU! ~- r., MJICtl(J41Mfl H. B. Kmi:el'M• 
x:a 11po.uqiepa1:rnu Eltf.'I'OK AAWO!i:!l.pWUiOM!.i MOJIO'IHO! me· 
Jtll!:lbl Mtilmeft no.it M!lumeM M...""l'llnl!'.o6a>itattii:1rn.- EIWI". 
-'m::nep1n1. <.'litOJlGrRff R M~A1nurni.1, 1980, 8&, ~ 2i c.. IS5-
l87. 

ca. AIC'tlltmcetb Ml!'l'lfOIUUICll:!!'ro'tUb! B ocyKo..1ee.btl l\.'Je'l'RllX 
upK lllle.lll$fflt »lliBO't'!iliM lt."CW./ill'.06Mlllrlll!ill n em llfUIJll)· 
rll I r. t<.. feplC!il!li}l}B, M. fia.imllt~a. o. JJ.., fOJtmmo, 

H. B. MffCKUt.eua.·- SIO.l<. ii!'>:cnepitM. 6uMorni a MB.lltu\s:· 
KN, 1981, 91, M J, c, 57-58. 

Ht Boatt~Tb }'--C.lfJleti:Eill npomsol:lny;to.>refl.oro . .l\eftC'rll1l:it 
amaroNHt'l'tl ¢mm!Cll.O!l Kf!Mll'1'1£ a1uaJOl'aMn M(mMK015aa
aMBffS. I 3, TI. Co$t.1na, H. B. MlrCIUllena, <P. r. ApemnlH, 
A. J.t IOpKUl{ll'.- Beem, AMH CCCP, 1919, 34, .t-& lt 
c. 72-78. 

17. AP'l'IUIN 'P, r. aii:11an1£e Me11rn1ti>5am111.mra 1r ero ana110-
rcn na npomnoonym.1enoe .ite~C'fl!l!e MeT!!'tpeti;cata: Ail· 
'i'QfmP. ~l!C. ... !!Mg .. ci:J'loit. mtf!.- M., 1919.-26 e. 

18. l\rets W., (}oodmow M. Metbi<mlne requiteme.'lt and rep--
1aoouwt by b.<imacyislcine: in tis&l..<e c\.11t11te5 of :>cleeled 
toden! and human maUgn.an1 and ticrmsl eelis.-C1mcer 
R.cs., 1978, $&, N 8, p, 2259-2262. 

19, btlufstsm:e wil.b colntlamln metabOltsm am:l tumor 
growth by analogue: o! MeCbL f 1\, V. Mj11s!shchevii, 
V. Quadroa, Yu. V, Vares, Y. <1 Ltime:U,--1:1: Vlwm!n 
B~l2 and intrinsic fu:tor; Proe. Thlrd europes11 symp, 
vltamlne lM2. Berlin; New York. l979, p. 1125. · 

l3Ci!COIO!! in.IA OH!IOJlC!l"R•HtCIUlil 
1~ay1mNA 11,~lttp AMH CCCP, Moi!~l1 

MoneKynstpHWe MUaHHJMW 
peryllRL\HW poc.Ta onyx:onei 

,· 

·' 

• l '~ 

T, M. MOP030BA, T, "1, MEPK)'JI08A, P, Ii CA11fAHHK MonoqHoA H<ene.nt )CrporelHtMH 

1-fanec:rm.l, •rro 3CTpOMHbI & TK<Ut.RX-~HUUetmx: (M!l.t" 
Kt\ MOJIO'rRoii }l{{:~Jte3e) aKTtfBHPY!OT npom-1Q>epa
umo 9IIHTeJlH.!lJibKhtX n:~rneA; ~WMY npeAUJ.ec:TBy~ 
<i:T HllJJ.YKUUJ! crnneaa PHI\ H 5e;1:Ko11-qmpM:e!IT05, 
o(focne.qantHOlll)~X 110CJlt,cylOlll.llA ctnm.a JI.HK H 
MITT03bl. HeptW{O rfO)t. Xt'HtTpOJIJelM acrporenoB .Ma• 
XOAHTC.fJ taK>Ke H pocT onyxo.'!eii MO.'IO!iBOti Ji(e
Jle3 br (OM/I{) 9Kcnepl!MeHTa.1'bllU.X }KlfllOTllMX It 
'lf.MOMl(a. B nK1rx ony:xmmx, xaK 11. n nop11ta· 
JU:iE.!.t:X 'tKau.mt, !Cfpaa,HO,!t CTHMYJJKpyer CKIU'e:.'3 
PHK. 6emmn, Jl.HK JJ ;:ummHpyeT KJ1ero1:moe )l.C· 
..neuue. 0Amnco 1rn.c1i::. onyx:oJteft n xww Mll.JIHrHH· 
aiuum Teprrer cnoco6a.ocTb pearNponaTb Ha ~CTpa
Aim.ic 'l'1:1Kt4e onyxami: crtuwuxtcn 3<':'r!Hl:P,ll'.OJT!le· 
.a aimca r~u.,r MH. 

HsytreHHe MOJJeK)'.i'utPHhlX Metam!:SMOB B31lHM.O .. 
J{etkhnm scTpa,11,lto.tla e KJie'l'Ka.Mlt onyx:OJtcft nos· 
no.inter BMstClllltb npairnna yrpa.H..t sanHCHMocm 
pocra onyxoneif or sctporenos1 tJTO nMeeT ne ro· 
.lbKO TeopetariecKOe :maqem1e, TflK KaK wu1 onpe
Jl.MeHrur npanJUJJ>noft raKTlfKH JJei:iemui: 6011brnii.x 
-e OM){{ u ,l\11$'! o6ocnomnmoro npuMeae:m~ 911)'.(0· 
KPRHltolt <repamur m~o6xoru1Mo yC'tanoiutTI.>, :rn1ut
cwr AR poet J.wrnoA onyxoJnf OT ~Tporeaon. B 
JU'ICTOJill(ee npe~rn; HeT ~ocTawsmo 11s.u.e:>1m1>1x cno

_.cot'ion J1.m::KpriMmrnu.1m %:rporenaanncRMbl:< » 

&erporea1:1eaasne11.Mwx OM}{(. Coa~aa:ae 1aKHx 
cnoco60B ll03MO)'!tHO HR OCl'l:Oll'a!tH'lf ana.mui .~m.ne· . 
Ky.!I.Hpum uexaHft3MOB AdCT8If'1: 9crpaJJ..H0JHl Ha 
onyxonea1t1e K.lieTKH. Haweil' aaA!l!JeA 61iJIO miy# 
'lteH.ne !l3aiiMOJI.d:crinut acrpB.AK<1'ltl c &crporcH· 
aarmc11Mb!MR M scrpore1.m:esa1rnc1tMMMR ooyroJut· 
MH, BbUlcHeaue MexanasMOB napymeauli n ueM. 
Jl:JI.~ roro, t1To6w. Ba SToi ocnoae pa:JpaOoTa'!'h 
Jqnncpm1 00.emu-1. sc1po1'eR3a1nJcnMocrn onyx01td:. 

Onwm npcno.tUt .. 'llf Ha OM;n< MJ>Itnen Db!OORo
patmnNx JJHHMfi DD n C3H H na mw.ywtpoatrHH&Ut 
7i t2 .. ;ai:MeTllJlOl'.*JSa1ttpan<iliOM (JI.MBA) OM)!( 
Kphle JlUUU:H Sprague-Dawley. 06 sc'fp.oreuam:m.· 
CRMOC!R onyx:oJteJ;l: cyll){1ra !JO BJ!IUUUUO m1 HX pOCT 
oaapHO$KTOMHH >KJlSO'l'Hb!X H BBeJl,CtlH.ff. HM :9CTpa· 
,1\UOJUl [lJ. 8@poro1taanHCHMbfMJf CtIUTaJal f.myxo
JU:I, RO'!'Ophte perpeccnpona.'l:H not~e oaap!m9lt'tO• 
t.nm. Ba.e.u.eirn.e SCTpe.arto,;ra CTKMyJmposar.o poc.-r 
aTHX cmyxo.ireA. Bw.m1 n&IACJieHbl 9Crpore1mc3aBa· 
C!fMUe onyxo..o.M, !Ul. jlOC'l' KO'!'OjHilX lie nmrn.im UH 
onapROSKTOMHSI, JtR r:rae)tenm~ SCTpa,n;lfoJta. .U,.11St 
Bb!stCHGIHSJ npntnm ppaTli sanucnMoc11t j)OCTa 
onyxOJteii. OT &crporenou np:e}fCA,C ecero nc~.'le.a,o· 
nan a coA~p.lKamm pe~enTOpoB gc1JHl.,1i.110,1rn n Mer
Kax 9c:rporeu2anHCHMJ:iIX H scrporenm2am1tHM&tX 
onyxonei\ Urnc. l}, l:<O'l.'Opoc on:pc,n;e.iuum no om~-

U 

.i 

i 
1 

! 
! . 
i 
! 

f 
I 

t 

Sandoz Inc. 
Exhibit 1002-00842 

Teva 
Exhibit 1002-00842

Teva – Fresenius 
Exhibit 1002-00842



Application Number 11776329 

Filing Date 2007-07-11 

INFORMATION DISCLOSURE First Named Inventor I Clet NIYIKIZA 
STATEMENT BY APPLICANT 

Art Unit 1614 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Kevin E. Weddington 

Attorney Docket Number X14173B_US 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

That each item of information contained in the information disclosure statement was first cited in any communication 
[8J from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 

information disclosure statement. See 37 CFR 1.97(e )(1 ). 

OR 

That no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 

D any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

D See attached certification statement. 

D Fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

D None 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the 
form of the signature. 

Signature /Elizabeth A. McGraw/ Date (YYYY-M M-DD) 2009-12-15 

Name/Print Elizabeth A. McGraw Registration Number 44,646 

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the 
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579} requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1} the general authority for the collection of this information is 35 U.S.C. 2(b}(2}; (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552} and the Privacy Act (5 U.S.C. 552a}. Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m}. 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c}}. 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or 
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce} directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the 
application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be 
disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in an application 
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earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )IZ! Responsive to communication(s) filed on 13 November 2009. 

2a)0 This action is FINAL. 2b)[8J This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)[8J Claim(s) 40-44 and 47-63 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)[8J Claim(s) 40-44 and 47-63 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some* c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17 .2(a)). 

*See the attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) 0 Notice of References Cited (PT0-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PT0-948) 

3) [8J Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date 11-13-09· 12-15-09. 

U.S. Patent and Trademark Office 

4) 0 Interview Summary (PT0-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application 
6) 0 Other: __ . 

PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20100128 
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Claims 40-44 and 47-63 are presented for examination. 

Applicants' amendment, response and information disclosure statement filed 

November 13, 2009; and the information disclosure statement filed December 15, 2009 

have been received and entered. 

Accordingly, the rejection made under 35 USC 103(a) as being obvious over 

Taylor (5,344,932) of PT0-1449 in view of Tsao et al., Pathobiology, vol. 61, No. 2, pp. 

104-108 (1993) of PT0-1449, further in view of Worzalla et al., Anticancer Research, 

Vol. 18, No. 5, pp. 3255-3239 of PT0-1449, and further in view of Cleare et al. 

(4, 149,707) as set forth in the Office action dated September 8, 2009 at pages 2-5 as 

applied to claims 40-52 is hereby withdrawn because of applicants' remarks. 

Double Patenting 

The nonstatutory double patenting rejection is based on a judicially created 
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the 
unjustified or improper timewise extension of the "right to exclude" granted by a patent 
and to prevent possible harassment by multiple assignees. A nonstatutory 
obviousness-type double patenting rejection is appropriate where the conflicting claims 
are not identical, but at least one examined application claim is not patentably distinct 
from the reference claim(s) because the examined application claim is either anticipated 
by, or would have been obvious over, the reference claim(s). See, e.g., In re Berg, 140 
F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11F.3d1046, 29 
USPQ2d 2010 (Fed. Cir. 1993); In re Langi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 
1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 
F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163 
USPQ 644 (CCPA 1969). 

A timely filed terminal disclaimer in compliance with 37 CFR 1.321 (c) or 1.321 (d) 
may be used to overcome an actual or provisional rejection based on a nonstatutory 
double patenting ground provided the conflicting application or patent either is shown to 
be commonly owned with this application, or claims an invention made as a result of 
activities undertaken within the scope of a joint research agreement. 

Effective January 1, 1994, a registered attorney or agent of record may sign a 
terminal disclaimer. A terminal disclaimer signed by the assignee must fully comply with 
37 CFR 3.73(b). 
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Claims 40-44 and 47-63 are rejected on the ground of nonstatutory obviousness-

type double patenting as being unpatentable over claims 1-7 of U.S. Patent No. 

7,053,065 82. Although the conflicting claims are not identical, they are not patentably 

distinct from each other because the only difference between the present claims and the 

patented claims lies in that in the present claims, addition agent(s) is administered with 

the presently claimed active agents (pemetrexed disodium and vitamin 812). 

The present claims would anticipate the patented claims because the patented 

claims recite "comprising" and thus opens the claims to the inclusion of additional 

active agent(s). 

Claims 40-44 and 47-63 are not allowed. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to KEVIN WEDDINGTON whose telephone number is 

(571 )272-0587. The examiner can normally be reached on 12:30 pm - 9:00 pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Ardin Marschel can be reached on (571 )272-0718. The fax phone number 

for the organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/KEVIN WEDDINGTON/ 
Primary Examiner, Art Unit 1614 

KEVIN WEDDINGTON 
Primary Examiner 
Art Un it 1 614 
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Application Number 11776329 
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Art Unit 1614 
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Examiner Name Kevin E. Weddington 
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Application Number 11776329 

Filing Date 2007-07-11 

IN FORMATION DISCLOSURE First Named Inventor I Clet NIYIKIZA 
STATEMENT BY APPLICANT 

Art Unit 1614 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Kevin E. Weddington 

Attorney Docket Number X14173B_US 

/K.W./ 1 
Maysishecheva. N.V., et al.: "Antitumor Activity of Methotrexate When Used in Combination with Cobalamine D Derivatives", Eksperimentalnaya Onkologija (1982). vol. 4, no. 5:29-33. 

iKW I I , ., 2 
McDonald, A.C., et al.: "Clinical Phase I Study of L Y231514, a Multitargeted Antifolate, Administered by Daily x 5 q 21 D Schedule", Annals of Oncology (1996), vol. 7:85, Abstract No. 291. 

/K.W./ 3 
Sofyina, Z.P., et al.: "Possibility of Potentiating the Antineoplastic Action of Folic Acid Antagonist by Methylcobalamine D Analogs", Vestnik Akademii Medicinskich Nauk SSSR (1979), vol. 1: 72-78. 

If you wish to add additional non-patent literature document citation information please click the Add button I Add I 
EXAMINER SIGNATURE 

Examiner Signature I /Kevin Weddinaton/ I Date Considered I 011?111?n1 n 

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO 
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here i1 
English language translation is attached. 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

NOTICE OF ALLOWANCE AND FEE(S) DUE 

25885 7590 

ELI LILLY & COMPANY 
PATENT DIVISION 

03/10/2010 

P.O. BOX 6288 
INDIANAPOLIS, IN 46206-6288 

EXAMINER 

WEDDINGTON, KEVIN E 

ART UNIT PAPER NUMBER 

1614 

DATE MAILED: 03/10/2010 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

111776,329 07/11/2007 Clet Niyikiza Xl4173B 6568 

TITLE OF INVENTION: NOVEL ANTIFOLATE COMBINATION THERAPIES 

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATEDUE 

nonprovisional NO $1510 $300 $0 $1810 06/10/2010 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE 
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS 
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES 
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS 
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM 
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOW ARD THE ISSUE FEE NOW 
DUE. 

HOW TO REPLY TO THIS NOTICE: 

I. Review the SMALL ENTITY status shown above. 

If the SMALL ENTITY is shown as YES, verify your current 
SMALL ENTITY status: 

A. If the status is the same, pay the TOT AL FEE(S) DUE shown 
above. 

B. If the status above is to be removed, check box Sb on Part B -
Fee(s) Transmittal and pay the PUBLICATION FEE (if required) 
and twice the amount of the ISSUE FEE shown above, or 

If the SMALL ENTITY is shown as NO: 

A. Pay TOT AL FEE(S) DUE shown above, or 

B. If applicant claimed SMALL ENTITY status before, or is now 
claiming SMALL ENTITY status, check box Sa on Part B - Fee(s) 
Transmittal and pay the PUBLICATION FEE (if required) and 1/2 
the ISSUE FEE shown above. 

IL PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office 
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b" 
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a 
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing 
the paper as an equivalent of Part B. 

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to 
Mail Stop ISSUE FEE unless advised to the contrary. 

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of 
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due. 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 

or Fax 
Alexandria, Virginia 22313-1450 
(571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where 
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as 
indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for 
maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

25885 7590 03/10/2010 

ELI LILLY & COMPANY 
PATENT DIVISION 
P.O. BOX 6288 
INDIANAPOLIS, IN 46206-6288 

APPLICATION NO. FILING DATE 

111776,329 07/11/2007 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
transmitted to the USPTO (571) 273-2885, on the date indicated below. 

(Depositor's name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Clet Niyikiza Xl4173B 6568 

TITLE OF INVENTION: NOVEL ANTIFOLATE COMBINATION THERAPIES 

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE 

nonprovisional NO $1510 

EXAMINER ART UNIT 

WEDDINGTON, KEVIN E 1614 

1. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address (or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use ofa Customer 
Number is required. 

PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE 

$300 $0 

CLASS-SUBCLASS 

514-052000 

2. For printing on the patent front page, list 

(1) the names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

(2) the name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$1810 

DATEDUE 

06/10/2010 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for 
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual 0 Corporation or other private group entity 0 Government 

4a. The following fee(s) are submitted: 

0 Issue Fee 

0 Publication Fee (No small entity discount permitted) 

0 Advance Order - #of Copies _________ _ 

5. Change in Entity Status (from status indicated above) 

0 a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. 

4b. Payment ofFee(s): (Please first reapply any previously paid issue fee shown above) 

0 A check is enclosed. 

0 Payment by credit card. Form PT0-2038 is attached. 

0The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any 
overpayment, to Deposit Account Number (enclose an extra copy of this form). 

0 b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR l.27(g)(2). 

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in 
interest as shown by the records of the United States Patent and Trademark Office. 

Authorized Signature _______________________ _ Date ____________________ _ 

Typed or printed name ______________________ _ Registration No. ________________ _ 

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the US PTO to process) 
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and 
submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete 
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. 
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, 
Alexandria, Virginia 22313-1450. 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

111776,329 07/11/2007 

25885 7590 03/10/2010 

ELI LILLY & COMPANY 
PATENT DIVISION 
P.O. BOX 6288 
INDIANAPOLIS, IN 46206-6288 

FIRST NAMED INVENTOR 

Clet Niyikiza 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

Xl4173B 6568 

EXAMINER 

WEDDINGTON, KEVIN E 

ART UNIT PAPER NUMBER 

1614 

DATE MAILED: 03/10/2010 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(application filed on or after May 29, 2000) 

The Patent Term Adjustment to date is 132 day(s). If the issue fee is paid on the date that is three months after the 
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half 
months) after the mailing date of this notice, the Patent Term Adjustment will be 132 day(s). 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval 
(PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or 
(571)-272-4200. 
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Application No. Applicant(s) 

11/776,329 NIYIKIZA ET AL. 
Notice of Allowability Art Unit Examiner 

KEVIN WEDDINGTON 1614 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1. IZI This communication is responsive to Februarv 23. 2010. 

2. IZI The allowed claim(s) is/are 40-44 and 47-63; renumbered 1-22. 

3. D Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a) D All b) D Some* c) D None of the: 

1. D Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

4. 0 A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF 
INFORMAL PATENT APPLICATION (PT0-152) which gives reason(s) why the oath or declaration is deficient. 

5. D CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

(a) D including changes required by the Notice of Draftsperson's Patent Drawing Review ( PT0-948) attached 

1) D hereto or 2) D to Paper No./Mail Date __ . 

(b) D including changes required by the attached Examiner's Amendment I Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of 
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d). 

6. 0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. D Notice of References Cited (PT0-892) 

2. D Notice of Draftperson's Patent Drawing Review (PT0-948) 

3. [gl Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date See Continuation Sheet 

4. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

/KEVIN WEDDINGTON/ 
Primary Examiner 
Art Unit: 1614 

U.S. Patent and Trademark Office 

5. D Notice of Informal Patent Application 

6. [gl Interview Summary (PT0-413), 
Paper No./Mail Date 2-23-2010. 

7. D Examiner's AmendmenUComment 

8. D Examiner's Statement of Reasons for Allowance 

9. D Other __ . 

PTOL-37 (Rev. 08-06) Notice of Allowability Part of Paper No./Mail Date 20100223 
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Application No. 

11/776,329 
Interview Summary 

Examiner 

Applicant(s) 

NIYIKIZA ET AL. 

Art Unit 

KEVIN WEDDINGTON 1614 

All participants (applicant, applicant's representative, PTO personnel): 

(1) KEVIN WEDDINGTON. 

(2) Elizabeth A. McGraw. 

Date of Interview: 23 February 2010. 

Type: a)[8J Telephonic b)O Video Conference 

(3) __ . 

(4) __ . 

c)O Personal [copy given to: 1 )0 applicant 2)0 applicant's representative] 

Exhibit shown or demonstration conducted: d)0 Yes 
If Yes, brief description: __ . 

Claim(s) discussed: The claims in general. 

e)[8J No. 

Identification of prior art discussed: Niyikiza et al. (7.053.065 82). 

Agreement with respect to the claims f)0 was reached. g)O was not reached. h)[8J N/A. 

Substance of Interview including description of the general nature of what was agreed to if an agreement was 
reached, or any other comments: The attorney of record. Ms. McGraw. stated that the Nivikiz et al. (7.053.065 82) 
cannot be used in an Obviousness-Type Double Patenting rejection because the present application is a Divisional of 
Niyikiza et al. (7.053.065 82) which has a restriction requirement. The Examiner agreeds that an ODP rejection 
should not had been made. 

(A fuller description, if necessary, and a copy of the amendments which the examiner agreed would render the claims 
allowable, if available, must be attached. Also, where no copy of the amendments that would render the claims 
allowable is available, a summary thereof must be attached.) 

THE FORMAL WRITTEN REPLY TO THE LAST OFFICE ACTION MUST INCLUDE THE SUBSTANCE OF THE 
INTERVIEW. (See MPEP Section 713.04). If a reply to the last Office action has already been filed, APPLICANT IS 
GIVEN A NON-EXTENDABLE PERIOD OF THE LONGER OF ONE MONTH OR THIRTY DAYS FROM THIS 
INTERVIEW DATE, OR THE MAILING DATE OF THIS INTERVIEW SUMMARY FORM, WHICHEVER IS LATER, TO 
FILE A STATEMENT OF THE SUBSTANCE OF THE INTERVIEW. See Summary of Record of Interview 
requirements on reverse side or on attached sheet. 

/KEVIN WEDDINGTON/ 
Primary Examiner, Art Unit 1614 

U.S. Patent and Trademark Office 

PTOL-413 (Rev. 04-03) Interview Summary 

I 

PaperNo.20100223 
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Summary of Record of Interview Requirements 

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record 
A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be made of record in the 
application whether or not an agreement with the examiner was reached at the interview. 

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews 
Paragraph (b) 

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as 
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in §§ 1.111, 1.135. (35 U.S.C. 132) 

37 CFR §1.2 Business to be transacted in writing. 
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and 
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to 
any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt. 

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself 
incomplete through the failure to record the substance of interviews. 

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless 
the examiner indicates he or she will do so. It is the examiner's responsibility to see that such a record is made and to correct material inaccuracies 
which bear directly on the question of patentability. 

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the 
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction 
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing 
out typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the 
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required. 

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the 
"Contents" section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the 
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicant's correspondence address 
either with or prior to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other 
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication. 

The Form provides for recordation of the following information: 
Application Number (Series Code and Serial Number) 
Name of applicant 
Name of examiner 
Date of interview 
Type of interview (telephonic, video-conference, or personal) 
Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.) 
An indication whether or not an exhibit was shown or a demonstration conducted 
An identification of the specific prior art discussed 
An indication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by 
attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does 
not restrict further action by the examiner to the contrary. 
The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action) 

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It 
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview 
unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the 
substance of the interview. 

A complete and proper recordation of the substance of any interview should include at least the following applicable items: 
1) A brief description of the nature of any exhibit shown or any demonstration conducted, 
2) an identification of the claims discussed, 
3) an identification of the specific prior art discussed, 
4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the 

Interview Summary Form completed by the Examiner, 
5) a brief identification of the general thrust of the principal arguments presented to the examiner, 

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not 
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the 
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully 
describe those arguments which he or she feels were or might be persuasive to the examiner.) 

6) a general indication of any other pertinent matters discussed, and 
7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed by 

the examiner. 
Examiners are expected to carefully review the applicant's record of the substance of an interview. If the record is not complete and 

accurate, the examiner will give the applicant an extendable one month time period to correct the record. 

Examiner to Check for Accuracy 

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner's version of the 
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, "Interview Record OK" on the 
paper recording the substance of the interview along with the date and the examiner's initials. 
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Continuation Sheet (PTOL-413) Application No. 11776329 
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Application/Control No. Applicant(s)/Patent Under 
Reexamination 

Search Notes 11776329 NIYIKIZA ET AL. 

Examiner Art Unit 

Kevin E Weddington 1614 

SEARCHED 

Class Subclass Date Examiner 
514 52 2/11/09 KEW 
514 77 2/11/09 KEW 
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CERTIFICATION OF FACSIMILE TRANSMISSION 

I hereby certify that this paper is being facsimile transmitted to the Patent and Trademark Office on the date shown below. 

Type or print name of person signing certification 

Signature Date 

PATENT APPLICATION 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

First Applicant: 

For: 

Docket No.: 

NIYIKIZA Clet 

NOVEL ANTIFOLATE COMBINATION THERAPIES 

X-14173B 

AMENDMENT AND PETITION TO CORRECT 
INVENTORSHIP UNDER 37 C.F.R. 1.48(b) 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

1. Amendment and Petition 

This amendment and petition is to delete the names of the following persons originally 

named as inventors and who are not the inventors of the invention now being claimed: Paolo Paoletti, 

of Indianapolis, Indiana, and James Jacob Rusthoven, of Ancaster, Canada. 

2. Claims Now On File 

The claims in this application are as follows: 

New claims 29-39 filed on July 11, 2007 

3. Diligence 

This amendment and petition is being filed diligently after discovery that any 

claims for which the above named inventors who are being deleted are now no longer the 

inventors of the subject matter being claimed. 

Sandoz Inc. 
Exhibit 1002-00886 

Teva 
Exhibit 1002-00886

Teva – Fresenius 
Exhibit 1002-00886



Docket No. X-14173B 
-2-

4. Fee Payment 

Please charge $130.00, the surcharge required by § 1.17(i), and charge any 

additional fees which may be required by this or any other related paper, or credit any 

overpayment to Deposit Account No. 05-0840, in the name of Eli Lilly and Company. I 

enclose an original and two copies of this paper. 

Eli Lilly and Company 
Patent Division 
P.O. Box 6288 
Indianapolis, Indiana 46206-6288 

July 11, 2007 

Respectfully submitted, 

/Manisha A. Desai/ 
Manisha A. Desai, Ph.D. 
Attorney for Applicant 
Registration No. 43,585 
Telephone: (317) 433-5333 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR 

111776,329 07/11/2007 Clet Niyikiza 

25885 7590 07/13/2010 

ELI LILLY & COMPANY 
PAIBNT DIVISION 
P.O. BOX 6288 
INDIANAPOLIS, IN 46206-6288 

UNITED STA TES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

Xl4173B 6568 

EXAMINER 

WEDDINGTON, KEVIN E 

ART UNIT PAPER NUMBER 

1614 

NOTIFICATION DATE DELIVERY MODE 

07/13/2010 ELECTRONIC 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
following e-mail address( es): 

patents@ lilly .com 

PTOL-90A (Rev. 04/07) 
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APPLICATION NO./ 
CONTROL NO. 
11776329 

ELI LILLY & COMPANY 
PATENT DIVISION 
P.O. BOX 6288 

FILING DATE 

7/11/2007 

INDIANAPOLIS, IN 46206-6288 

UNITED STATES DEPARTMENT OF COMMERCE 
U.S. Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 

FIRST NAMED INVENTOR I 
PATENT IN REEXAMINATION 

NIYIKIZA, CLET 

ATTORNEY DOCKET NO. 

Xl4173B 

EXAMINER 

KEVIN WEDDINGTON 

ART UNIT I PAPER 

1614 20100706 

DATE MAILED: 

Please find below and/or attached an Office communication concerning this application or 
proceeding. 

Commissioner for Patents 

In view of the papers filed July 11, 2007, the inventorship in this nonprovisional application has been changed by the 
deletion of Paolo Paoletti and James Jacob Rusthoven. 

The solely applicant is Clet Niyikiza. 

PT0-90C (Rev.04-03) 

/KEVIN WEDDINGTON/ 
Primary Examiner 
Art Unit: 1614 
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APPLICATION 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adm"'· COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

NUMBER 
FILING or 

37l(c)DATE 
GRPART 

UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

11/776,329 07/11/2007 1614 1846 X14173B 11 2 

25885 
CONFIRMATION NO. 6568 

CORRECTED FILING RECEIPT 
ELI LILLY & COMPANY 
PATENT DIVISION 
P.O. BOX 6288 
INDIANAPOLIS, IN 46206-6288 

111111111111111111111111]~!l]~~1~~1~~11~H~~u1111111111111111111111111 

Date Mailed: 07/14/2010 

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination 
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the 
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, 
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection. 
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the 
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit 
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply 
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections 

Applicant( s) 
Clet Niyikiza, Indianapolis, IN; 

Power of Attorney: The patent practitioners associated with Customer Number 25885 

Domestic Priority data as claimed by applicant 
This application is a DIV of 11/288,807 11/29/2005 ABN 
which is a DIV of 10/297,821 12/05/2002 PAT 7,053,065 
which is a 371 of PCT/US01/14860 06/15/2001 
which claims benefit of 60/215,310 06/30/2000 
and claims benefit of 60/235,859 0912712000 ABN 
and claims benefit of 60/284,448 04/18/2001 

Foreign Applications 

If Required, Foreign Filing License Granted: 08/31/2007 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 11 /776,329 

Projected Publication Date: Not Applicable 

Non-Publication Request: No 

Early Publication Request: No 
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Title 

NOVEL ANTIFOLATE COMBINATION THERAPIES 

Preliminary Class 

514 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4158). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
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set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 
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(application filed on or after May 29, 2000) 
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If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
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PATENT 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

U.S. Patent No. 

Issued: 

First Applicant 

Serial No. 

Application Date 

Entitled 

Docket No. 

7,772,209 

August 10, 2010 

Clet Niyikiza 

11/776,329 

July 11, 2007 

Antifolate Combination Therapies 

X14173B 

REQUEST FOR CERTIFICATE OF CORRECTION 
UNDER 37 C.F.R. 1.322 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 
The patentee of the above-identified patent respectfully requests that you issue 

a Certificate of Correction to correct errors in the printed patent. Attached is Form PTO 1050 

on which the errors are specified. 

Some of the errors are typographical and were made inadvertently. The 

remaining errors occurred during the printing of the patent. 

Please charge the fee under 1.20(a) and charge any additional fees which may 

be required by this or any other related paper, or credit any overpayment to Deposit Account 

No. 05-0840 to cover the cost of this Certificate of Correction. 

Eli Lilly and Company 
Patent Division 
P.O. Box 6288 
Indianapolis, Indiana 46206-6288 

September 20, 2010 

Respectfully submitted, 

/Elizabeth A. McGraw/ 
Elizabeth A. McGraw 
Attorney for Applicant 
Registration No. 44,646 
Phone: 317-277-7443 
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PTOiS6i44 ~09-07:• 
.i\;i;inw.;id tor ;;st; thro\Jgh 0813112010. OMS 0651-0033 

U.S Pati;nt and Trndemmi< Offi<_;e; IJ.S. DEPARTMENT Oi" COMMERCE 
Untl~f the P~~p~N·iOf:k Redu·ctk1n Act of 1995, f!.O pef;;fjnt,:. ~u~ teqt:fre-O: to respond ~o a to!!ec~tt.~1~; ~f 1t1fr:.~1rn;;,;i:tk.'tn lml~~.s tt dh;~·dQy-s a .. _ra!td OMS ct1ntro: ru.imber. 

f.AJsc Forrrt PT0~·105C;) 

UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

7,772,209 
Page_l_of_l_ 

PATENT NO. 

APPLICATION NO. 11/776, 32 9 

ISSUE DATE 

INVENTOR($) 

August 10, 2010 

Clet Niyikiza 

!t is certified that an error appears or errors appear in the above-identified patent and that said Letters Patent 
is hereby corrected as shown below: 

First Page, Col. 2, Line 22, under Other Publications: Delete 

"Homocyst.ein" and insert --Hornocysteine--, therefor. 

First Page, Col. 2, Line 27, under Other Publications: Delete 
"hydroxocoba.ltni in 11 a.nd insert - -hydroxocobalamin- - , therefor. 

Line 28, First Page; Cc)l. under Other Publications: Delete " .....:::., 

"mce" and insert ----mice-- -- , therefor. 

First Page, col. 2, Line 37, under Other Publications: Delete 
11 2666" and insert ----266----, therefor. 

column 1, Line s: Delete "12 May, 11 and insert - -5 Dec. - - .. therefor. 

Column 10, t,ine 62: In Claim 1, delete "hydroxycoba1a.min," 
c.md insert - -hydroxocoba1amin, - - , therefor. 

Col urnn 11, Line ,:t : 111 c:laim 4, delete "2," and insert 

MAILING ADDRESS OF SENDER (Please do not use customer number below): 
Eli Lilly and Company 
P.O. Box 6288 
Indianapolis, IN 46206-6288 

therefor. 

This enH~c~ion (Jf ~nformation is :~quln:~rl i"171 37 CFR 1.322, 1 32.3 .. anc~ i.324. Thcr infoinH-1tion i$ re.q~1;md to oblHin or ~et;~:n :.~ b~n~ftt ~>)' n~~ pubHc 1ovhleh :~to W10 
(and try lh" WSPTO to ~·ro0s») :in <:ipplic:itimt Conlidm1tiil!it't' is govi:>mmJ oy 35 :.J,S.C. -122 and '.l7 CFR 1.14. Tl1i$ co!li:>ction is i:>stimated to t;ooke i.O hour to 
cornp~t~:t(:, ~nc.!w.iing g;s~~·lr~rin(.t, pr.t~:p~~rjn{~, and ~ubmm~ng tht·: cornpk:tr:d applk.:..~jfa.:rt k;nn tr~ u~e USPTO. Tknl;:1 w~H v;,ry deper1titng \spon th:r.::1 ~~·'H.itvjdua~ CrlS{:::. Any 
r;omrnertt& fjt1 the anxair1t ··Jf lfrne yoti re1~~~m~ lo complete ~h~s form t:i:r.dior t-uggesti<..")ns for te-Ouc;n9 tht:; burden~ $hf1vM b~ sant to U._m Chief ln;'(in11-.=tt~on Oiik.~~. 
U.S. Pmr,.!1! sind Tmrfom;irk Office, U,S. Ot>parim,;nt <>l Cf!mmmce, P,O Box 1450, .A!e:<sindria. VA 22313-1450. 00 NOT SEND FEES OR COl>·lPlETED 
FORMS TO THIS ADDRESS. SENO TO: Attention Certificate of Corrections Branch, Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 

If you need assistance in compfe-ting tire form, cal/ 1..SOO~PTQ.-9199 and select option 2. 
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Electronic Acknowledgement Receipt 

EFSID: 8464324 

Application Number: 11776329 

International Application Number: 

Confirmation Number: 6568 

Title of Invention: NOVEL ANTIFOLATE COMBINATION THERAPIES 

First Named Inventor/Applicant Name: Clet Niyikiza 

Customer Number: 25885 

Filer: Elizabeth Ann McGraw/Linda Durbin 

Filer Authorized By: Elizabeth Ann McGraw 

Attorney Docket Number: X14173B 

Receipt Date: 21-SEP-2010 

Filing Date: 11-JUL-2007 

Time Stamp: 15:28:58 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Deposit Account 

Payment was successfully received in RAM $100 

RAM confirmation Number 1875 

Deposit Account 050840 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees) 
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File Listing: 

Document 
Document Description File Name 

File Size( Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

276775 

1 Request for Certificate of Correction 
Xl 4173BReq uestCertificateofC 

no 2 
orrection.pdf 

3 dfd 3cab096 754 3cd0618f3 e2 c3 2e60ff56 7 
lbdO 

Warnings: 

Information: 

30372 

2 Fee Worksheet (PT0-875) fee-info.pdf no 2 

23f9dc93ad89b23edb112ce21d9421104 lf 
77577 

Warnings: 

Information: 

Total Files Size (in bytes) 307147 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International A~~lication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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Electronic Patent Application Fee Transmittal 

Application Number: 11776329 

Filing Date: 11-Jul-2007 

Title of Invention: NOVEL ANTIFOLATE COMBINATION THERAPIES 

First Named Inventor/Applicant Name: Clet Niyikiza 

Filer: Elizabeth Ann McGraw/Linda Durbin 

Attorney Docket Number: X14173B 

Filed as Large Entity 

Utility under 35 USC 111 (a) Filing Fees 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Certificate of correction 1811 1 100 100 

Extension-of-Time: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Miscellaneous: 

Total in USO($) 100 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 7,772,209 B2 
APPLICATION NO. : 11/776329 
DATED : August 10, 2010 
INVENTOR(S) : Clet Niyikiza 

Page 1 of 1 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below: 

Title Page, Col. 2, Line 22, under Other Publications: Delete 
"Homocystein" and insert --Homocysteine--, therefor. 

Title Page, Col. 2, Line 27, under other Publications: Delete 
"hydroxocobaltniin" and insert --hydroxocobalamin--, therefor. 

Title Page, Col. 2, Line 28, under Other Publications: Delete 
"mce" and insert --mice--, therefor. 

Title Page, Col. 2, Line 37, under Other Publications: Delete 
"2666" and insert --266--, therefor. 

Column 1, Line 5, Delete "12 May," and insert --5 Dec.--, therefor. 

Column 10, Line 62, In Claim 1, delete "hydroxycobalamin," 
and insert --hydroxocobalamin,--, therefor. 

Column 11, Line 4, In Claim 4, delete "2," and insert --3,--, therefor. 

Signed and Sealed this 

Twenty-sixth Day of October, 20 I 0 

David J. Kappos 
Director of the United States Patent and Trademark Office 
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Case 1: 10-cv-O 1376-TWP-DM L Document 8 Filed 11 /02/1 O Page 1 of 1 

~AO 120 (Rev. 3/04) 

TO: Mail Stop 8 
Director of the U.S. Patent and Trademark Office 

P.O. Box 1450 
Alexandria, VA 22313-1450 

REPORT ON THE 
FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK 

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been 

filed in the U.S. District Court Southern District of Indiana on the following G Patents or G Trademarks: 

nq~Jv~~76-TWP-DM DATE FifroJ2s12010 U.S. DISTRICT COURTS th 0 . t . t f I d' ou em 1s nc o n 1ana 

PLAINTIFF DEFENDANT 

ELI LILLY AND COMPANY TEVA PARENTERAL MEDICINES, INC., APP 
PHARMACEUTICALS, LLC, PLIVA HRVATSKA D.0.0., 
TEVA PHARMACEUTICALS USA INC., and BARR LAB 

PATENTOR DATE OF PATENT HOLDER OF PATENT OR TRADEMARK 
TRADEMARK NO. OR TRADEMARK 

1 7,772,209 B2 8/10/2010 CLET NIYIKIZA, Inventor 

2 

3 

4 

5 

In the above-entitled case, the following patent(s)/ trademark(s) have been included: 

DATE INCLUDED INCLUDED BY 
G Amendment G Answer G Cross Bill ~ Other Pleading 

PATENT OR DATE OF PATENT HOLDER OF PATENT OR TRADEMARK 
TRADEMARK NO. OR TRADEMARK 

1 7,772, 209 82 8/10/2010 ***SEE ATTACHED COMPLAINT FILED ON 10/29/2010*"* 

2 

3 

4 

5 

In the above-entitled case, the following decision has been rendered or judgement issued: 

DECISION/JUDGEMENT 

DATE 

11/2/2010 

Copy 1-Upon initiation of action, mail this copy to Direc opy 3-Upon termination of action, mail this copy to Director 
Copy 2-Upon filing document adding patent(s), mail this copy to Director Copy 4-Case file copy 
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Case 1: 1 O-cv-01376-TWP-DML Document 44 Filed 02/14/11 Page 1 of 1 

"""' AD 120 (Rev. 3/04) 

TO: 
Mail Stop 8 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

Alexandria, VA 22313-1450 

REPORT ON THE 
FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK 

In Compliance with 35 U.S.C. § 290 and/or 1.s ~.S.C. § 11.16 you are hereby advised ~h~ court action has been 

filed in the U.S. District Court Southern District of Indiana on the following ~Patents or G Trademarks: 

DqcM-TNf3 : -cv- 76-TWP-DM DA TE FI~OJ29/2010 U.S. DISTRICT COURT Southern District of Indiana 

PLAINTIFF DEFENDANT 

Ell LILLY AND COMPANY TEVA PARENTERAL MEDICINES, INC., APP 
PHARMACEUTICALS, LLC, PLIVA HRVATSKA D.0.0., 
TEVA PHARMACEUTICALS USA INC., and BARR LAB 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

I 7,772,209 B2 8/10/2010 CLET NIYIKIZA, Inventor 

2 

3 

4 

5 

In the above-entitled case, the following patent(s)/ trademark(s) have been included: 

DATE INCLUDED INCLUDED BY 
~Answer G Amendment G Cross Bill Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 ***SEE ATTACHED ANSWER FILED ON 2/7/11*** 

2 

3 

4 

5 

In the above-entitled case. the following decision has been rendered or judgement issued: 

DECISION/JUDGEMENT 

CLERK~~ DATE 

2/14/2011 

Copy 1-Upon initiation of action, mail this copy to Direc opy 3-Upon termination of action, mail this copy to Director 
Copy 2-Upon filing document adding patent(s), mail this copy to Director Copy 4-Case file copy 
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Case 1: 1 O-cv-01376-TWP-DML Document 52 Filed 02/28/11 Page 1 of 1 

~AO 120 (Rev. 3/04) 

TO: 
Mail Stop 8 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

Alexandria, VA 22313-1450 

REPORT ON THE 
FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK 

In Compliance with 35 U.S.C. § 290 and/or 1_5 ~.S.C. § 11 !6 you are hereby advised th~ court action has been 

filed in the U.S. District Court Southern Distnct of Indiana on the following Y"Patents or G Trademarks: 

Dq~Jv~f376-TWP-DM DATE FitOB9t2010 U.S. DISTRICT COURTS th 0 . t . t f I d' ou em 1s nc o n 1ana 

PLAINTIFF DEFENDANT 

Ell LILLY AND COMPANY TEVA PARENTERAL MEDICINES, INC., APP 
PHARMACEUTICALS, LLC, PLIVA HRVATSKA D.0.0., 
TEVA PHARMACEUTICALS USA INC., and BARR LAB 

PATENTOR DATE OF PATENT HOLDER OF PATENT OR TRADEMARK 
TRADEMARK NO. OR TRADEMARK 

I 7,772,209 82 8/10/2010 CLET NIYIKIZA, Inventor 

2 

3 

4 

5 

In the above-entitled case. the following patent(s)/ trademark(s) have been included: 

DATE INCLUDED INCLUDED BY 
~Answer G Amendment G Cross Bill Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK TRADEMARK NO. OR TRADEMARK 

l **SEE ATIACHED ANSWER FILED ON 2/22/2011** 

2 

3 

4 

5 

In the above-entitled case. the following decision has been rendered or judgement issued: 

DECISION/JUDGEMENT 

CLERK~~ DATE 
2/28/2011 

Copy I-Upon initiation of action, mail this copy to Direc opy 3-Upon termination of action, mail this copy to Director 
Copy 2-Upon filing document adding patent(s), mail this copy to Director Copy 4-Case file copy 
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Case 1 :11-cv-00942-TWP-TAB Document 8 F~led 07/25/11 Page 1 of 1 PagelD #: 24 

~AO 120 (Rev. 3/04) 

Mail Stop 8 REPORT ON THE 
TO: 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

Alexandria, VA 22313-1450 

FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK 

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been 

filed in the U.S. District Court Southern District of Indiana on the following G Patents or G Trademarks: 

Dq~~6'v~42-TWP-TAB DATE FI77~5/2011 U.S. DISTRICT COURT Southern District of Indiana 

PLAINTIFF DEFENDANT 

ELI LILLY AND COMPANY APP PHARMACEUTICALS, LLC 

PATENTOR DATE OF PATENT HOLDER OF PATENT OR TRADEMARK 
TRADEMARK NO. OR TRADEMARK 

1 7,772,209 8/10/2010 **SEE ATTACHED COMPLAINT** 

2 

3 

4 

5 

In the above-entitled case, the following patent(s)/ trademark(s) have been included: 

DATE INCLUDED INCLUDED BY 
G Amendment G Answer G Cross Bill G Other Pleading 

PATENT OR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK TRADEMARK NO. OR TRADEMARK 

1 

2 

3 

4 

5 

In the above-entitled case, the following decision has been rendered or judgement issued: 

DECISION/JUDGEMENT 

l
bATE 

. 7/25/2011 

Copy 1-Upon initiation of action, mail this copy to Director Copy 3-Upon termination of action, mail this copy to Director 
Copy 2-Upon filing document adding patent(s), mail this copy to Director Copy 4-Case file copy 
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Case 1: 1 O-cv-01376-TWP-DKL Document 78 Filed 09/26/11 Page 1 of 1 Pagel D #: 44 7 

~AO 120 (Rev. 3/04) 

TO: 
Mail Stop 8 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

Alexandria, VA 22313-1450 

REPORT ON THE 
FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK 

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised th~ court action has been 

filed in the U.S. District Court Southern District of Indiana on the following \J"Patents or G Trademarks: 

DqcMTN-P.3 : -cv- 76-TWP-DM DATE F1roB912010 U.S. DISTRICT COURT Southern District of Indiana 

PLAINTIFF DEFENDANT 

ELI LILLY AND COMPANY TEVA PARENTERAL MEDICINES, INC., APP 
PHARMACEUTICALS, LLC, PLIVA HRVATSKA D.0.0., 
TEVA PHARMACEUTICALS USA INC., and BARR LAB 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 7,772,209 B2 8/10/2010 CLET NIYIKIZA, Inventor 

2 

3 

4 

5 

In the above-entitled case, the following patent(s)/ trademark(s) have been included: 

DATE INCLUDED INCLUDED BY 

~Answer G Amendment G Cross Bill Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 

2 **See attached Answer to Complaint filed in 

3 Consolidated Case 1 :11-cv-942-TWP-TAB.** 

4 

5 

In the above-entitled case, the following decision has been rendered or judgement issued: 

DECISION/JUDGEMENT 

CLERK 5~~ DATE 
9/26/2011 

Copy 1-Upon initiation of action, mail this copy to Direc opy 3-Upon termination of action, mail this copy to Director 
Copy 2-Upon filing document adding patent(s), mail this copy to Director Copy 4-Case file copy 

Sandoz Inc. 
Exhibit 1002-00907 

Teva 
Exhibit 1002-00907

Teva – Fresenius 
Exhibit 1002-00907



Case 1 :11-cv-00942-TWP-TAB Document 12 Filed 09/12/11 Page 1 of 1 PagelD #: 54 

~AO 120 (Rev. 3/04) 

Mail Stop 8 REPORT ON THE 
TO: 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

Alexandria, VA 22313-1450 

FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK 

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been 

filed in the U.S. District Court Southern District of Indiana on the following G Patents or G Trademarks: 

D~~~ev~42-TWP-T AB DATE FILJ1~5/2011 U.S. DISTRICT COURTS th D. t . t f I d. ou ern 1s nc o n 1ana 

PLAINTIFF DEFENDANT 

ELI LILLY AND COMPANY APP PHARMACEUTICALS, LLC 

PATENTOR DATE OF PATENT HOLDER OF PATENT OR TRADEMARK 
TRADEMARK NO. OR TRADEMARK 

1 7,772,209 8/10/2010 

2 

3 

4 

5 

In the above-entitled case, the following patent(s)/ trademark(s) have been included: 

DATE INCLUDED INCLUDED BY 
G Amendment G Answer G Cross Bill G Other Pleading 

PATENT OR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK TRADEMARK NO. OR TRADEMARK 

1 

2 

3 

4 

5 

In the above-entitled case, the following decision has been rendered or judgement issued: 

DECISION/JUDGEMENT 

See attached Order of Consolidation. 

DATE 

9/12/2011 

Copy 1-Upon initiation of action, mail this copy to Director Copy 3-Upon termination of action, mail this copy to Director 
Copy 2-Upon filing document adding patent(s), mail this copy to Director Copy 4-Case file copy 

Sandoz Inc. 
Exhibit 1002-00908 

Teva 
Exhibit 1002-00908

Teva – Fresenius 
Exhibit 1002-00908



Case 1:10-cv-01376-TWP-DKL Document 154 Filed 10/02/12 Page 1of1 PagelD #: 2592 

~AO 120 (Rev. 3/04) 

TO: 
Mail Stop 8 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

Alexandria, VA 22313-1450 

REPORT ON THE 
FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK 

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been 

filed in the U.S. District Court Southern District of Indiana on the following ~Patents or G Trademarks: 

DOC~~U!:b~~ 1376-P/L DATE FitOJ29/2010 U.S. DISTRICT COURTS th D. t . t f I d. ou em 1s nc o n 1ana 

PLAINTIFF DEFENDANT 

ELI LILLY AND COMPANY TEVA PARENTERAL MEDICINES, INC., APP 
PHARMACEUTICALS, LLC, PLIVA HRVATSKA D.0.0., 
TEVA PHARMACEUTICALS USA INC., and BARR LAB 

PATENTOR DATE OF PATENT HOLDER OF PATENT OR TRADEMARK 
TRADEMARK NO. OR TRADEMARK 

1 7,772,209 8/10/2010 

2 

3 

4 

5 

In the above-entitled case, the following patent(s)/ trademark(s) have been included: 

DATE I~hg}21(R 2 
INCLUDED BY 

~Amendment G Answer G Cross Bill G Other Pleading 

PATENTOR DATE OF PATENT HOLDER OF PATENT OR TRADEMARK 
TRADEMARK NO. OR TRADEMARK 

1 **SEE ATTACHED AMENDED COMPLAINT** 

2 

3 

4 

5 

In the above-entitled case, the following decision has been rendered or judgement issued: 

DECISION/JUDGEMENT 

DATE 

10/2/2012 

Copy I-Upon initiation of action, mail this copy to Director Copy 3-Upon termination of action, mail this copy to Director 
Copy 2-Upon filing document adding patent(s), mail this copy to Director Copy 4-Case file copy 

Sandoz Inc. 
Exhibit 1002-00909 

Teva 
Exhibit 1002-00909

Teva – Fresenius 
Exhibit 1002-00909



Case 1:13-cv-00335-TWP-DKL Document 9 Filed 03/11/13 Page 1of1 PagelD #: 28 

~AO 120 (Rev. 3/04) 

TO: 
Mail Stop 8 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

Alexandria, VA 22313-1450 

REPORT ON THE 
FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK 

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been 

filed in the U.S. District Court Southern District of Indiana on the following 'Patents or G Trademarks: 

Dq~lvt:J6b335-TWP-D DATE FI12f~8/2013 U.S. DISTRICT COURTS th D. t . t f I d" ou ern 1s nc o n 1ana 

PLAINTIFF DEFENDANT 

ELI LILLY AND COMPANY ACCORD HEALTHCARE INC., USA 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 7,772,209 

2 

3 

4 

5 

In the above-entitled case, the following patent(s)/ trademark(s) have been included: 

DATE INCLUDED INCLUDED BY 
G Amendment G Answer G Cross Bill G Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 

2 

3 

4 

5 

In the above-entitled case, the following decision has been rendered or judgement issued: 

DECISION/JUDGEMENT 

CLERK~~ 
3/11/2013 

DATE 

Copy 1-Upon initiation of action, mail this copy to Director Copy -Upon termination of action, mail this copy to Director 
Copy 2-Upon filing document adding patent(s), mail this copy to Director Copy 4-Case file copy 

Sandoz Inc. 
Exhibit 1002-00910 

Teva 
Exhibit 1002-00910

Teva – Fresenius 
Exhibit 1002-00910



Case 1:13-cv-00335-TWP-DKL Document 29 Filed 07/01/13 Page 1of1 PagelD #: 129 

~AO 120 (Rev. 3/04) 

REPORT ON THE 
TO: 

Mail Stop 8 
Director of the U.S. Patent and Trademark Office 

P.O. Box 1450 
FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK Alexandria, VA 22313-1450 

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been 

filed in the U.S. District Court Southern District of Indiana on the following "if Patents or G Trademarks: 

Dq~ff-lv~5-TWP-DKL DATE FI~8/2013 U.S. DISTRICT COURT S th D. t . t f I d. ou ern 1s nc o n 1ana 

PLAINTIFF DEFENDANT 

ELI LILLY AND COMPANY ACCORD HEALTHCARE INC., USA 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

I 7,772,209 

2 

3 

4 

5 

In the above-entitled case, the following patent(s)/ trademark(s) have been included: 

DATE I~h~}21(R3 INCLUDED BY 

G Amendment G Answer G Cross Bill G Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

I 

2 

3 

4 

5 

In the above-entitled case, the following decision has been rendered or judgement issued: 

DECISION/JUDGEMENT 

ORDER OF CONSOLIDATION - This cause of action is hereby consolidated under action 1 :12-cv-86-TWP-DKL. 

DATE 

7/1/2013 

Copy I-Upon initiation of action, mail this copy to Direc C py 3-Upon termination of action, mail this copy to Director 
Copy 2-Upon filing document adding patent(s), mail this copy to Director Copy 4-Case file copy 

Sandoz Inc. 
Exhibit 1002-00911 

Teva 
Exhibit 1002-00911

Teva – Fresenius 
Exhibit 1002-00911



• 
Trials@uspto.gov 
571-272-7822 

PaperNo. 13 
Date Entered: October I, 2013 

UNITED STATES PATENT AND TRADEMARK OFFICE 

BEFORE THE PATENT TRIAL AND APPEAL BOARD 

ACCORD HEALTHCARE, INC., USA 
Petitioner 

v. 

ELI LILLY & COMP ANY 
Patent Owner 

Case IPR2013-00356 
Patent 7, 772,209 

Before MICHAEL J. FITZPATRICK, RAMA G. ELLURU, and 
SCOIT E. KAMHOLZ, Administrative Patent Judges. 

KAMHOLZ, Administrative Patent Judge. 

DECISION 
Denying Inter Partes Review 

37 C.F.R. § 42.108 

Sandoz Inc. 
Exhibit 1002-00912 

Teva 
Exhibit 1002-00912

Teva – Fresenius 
Exhibit 1002-00912



IPR2013-00356 
Patent 7, 772,209 

I. INTRODUCTION 

Accord Healthcare, Inc., USA ("Accord") filed a petition (Paper 4) on 

June J4, 2013 to institute an inter partes review of claims 1-22 of U.S. 

Patent 7,772,209 ("the '209 patent"). Accord later filed a corrected petition (Paper 

6, "Pet."). Patent Owner Eli Lilly & Company ("Eli Lilly") filed a preliminary 

response (Paper 10, "Prelim. Resp."). The Board, acting on behalf of the Director, 

has jurisdiction under 35 U.S.C. § 314. 

The '209 patent is involved in several civil actions for patent infringement, 

including Eli Lilly & Co. v. Accord Healthcare, Inc., USA et al., 1:12-cv-00086-

TWP-DKL (S.D. Ind.) ("the '086 action"), filed January 20, 2012 and served 

January 23, 2012, and Eli Lilly & Co. v. Accord Healthcare, Inc., USA, 1:13-cv-

00335-TWP-DKL (S.D. Ind.) ("the '335 action"), filed February 28, 2013 and 

served March 7, 2013. Pet. 1; Prelim. Resp. 5-6.* The '335 action has been 

consolidated into the '086 action. Prelim. Resp. 6-7. 

We deny the petition because it is time-barred under 35 U.S.C. § 315(b). 

II. ANALYSIS 

Eli Lilly served Accord with a complaint alleging infringement of the '209 

patent on at least two occasions: the '086 action, on January 23, 2012, and the 

'355 action, on March 7, 2013. Ex. 2004 (return of service for the '086 action); 

Prelim. Resp. 5-6; see also Pet. 1. The earlier complaint was served more than one 

year before Accord filed the present petition; the latter, less than one year . 

. •The parties disagree as to whether the complaint in the '355 action was served on 
February 28, 2013 or March 7, 2013. For purposes of this decision, we accept Eli 
Lilly's representation that the complaint was served on March 7, 2013. 

2· 

Sandoz Inc. 
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IPR2013-00356 
Patent 7, 772,209 

Section 315(b) of Title 3 5 of the United States Code provides: 

(b) PATENT OWNER'S ACTION.-An inter partes 
review may not be instituted if the petition requesting the 
proceeding is filed more than 1 year after the date on 
which the petitioner, real party in interest, or privy of the 
petitioner is served with a complaint alleging infringe
ment of the patent. The time limitation set forth in the 
preceding sentence shall not apply to a request for joinder 
under subsection ( c ). 

Accord argues that its petition is timely because it was filed less than one 

year after the date on which it was served with a complaint in the '355 action. 

Pet. 2-3. Accord acknowledges service on January 23, 2012 of a complaint in the 

'086 action, but argues that the two infringement actions concern distinct products 

and are based on different sets of facts. Id. at 3 n.1. 

We reject Accord's implicit argument that the one-year period set forth in 

§ 315(b) should not be measured from the date of service of the complaint in the 

'086 action. The plain language of the statute does not indicate or suggest that the 

filing of a later lawsuit renders the service of a complaint in an earlier lawsuit a 

nullity. Moreover, as the legislative history of 35 U.S.C. § 315(b) indicates, 

Congress intended that inter partes reviews should not be used as "tools _for 

harassment" by "repeated litigation and administrative attacks." H.R.Rep. No. 

112-98 at 48 (2011). Allowing such attacks "would frustrate the purpose of the 

section as providing quick and cost effective alternatives to litigation." Id. 

Accord was "served with a complaint alleging infringement of the patent'' on 

January 23, 2012. Ex. 2004. The petition was filed more than one year after that 

date and is, therefore, barred. See Universal Remote Control, Inc. v. Universal 

Elec., Inc., IPR2013-00168, Paper 9 at 4 (PTAB Aug. 26, 2013). 

3 
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IPR2013-00356 
Patent 7, 772,209 

III. CONCLUSION 

The Board denies the petition because it was not filed within the time limit 

imposed by 35 U.S.C. § 315(b). 

IV. ORDER 

For the reasons given, it is 

ORDERED that the petition challenging the patentability of claims 1-22 of 

U.S. Patent 7,772,209 is denied. 

4 
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IPR2013-003 56 
Patent 7,772,209 

For Petitioner: 

Chidambaram S. Iyer 
Chandran B. Iyer 
Sughrue Mion PLLC 

For Patent Owner: 

Andrew V. Trask 
Williams & Connolly LLP 

Mark J. Stewart 
Eli Lilly & Company 

5 
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Case 1:13-cv-01469-TWP-DML Document 7 Filed 09/17/13 Page 1of1 PagelD #: 27 

, AO 120 fRPv. 3/04) 

TO: 
Mail Stop 8 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

REPORT ON THE 
FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK Alexandria, VA 22313-1450 

In Compliance with 35 U.S.C. ~ 290 and/or 15 U.S.C. ~ 1116 you are hereby advised tbat a court action has been 

filed in thP U.S. District Court Southern District of Indiana on the follov.ing Qf;',atents or G Trademarks: 

Dqcr~5JJ~~469-TWP-DM DATE FII9f ~312013 U.S. DISTRICT COURTS th 0 . t . t f I d. ou ern 1s nc o n 1ana 

PLAINTIFF DEFENDANT 

ELI LILLY AND COMPANY SUN PHARMACEUTICAL INDUSTRIES LTD.: SUN 
PHARMA GLOBAL FZE 

PATENT OR DATE OF PATENT HOLDER OF PATENT OR TRADEMARK TRADEMARK NO. OR TRADEMARK 

I 7,772.209 8/10/2010 ELI LILLY AND COMPANY 

2 

3 

.j 

5 

In the above--entitled case, the follov.ing patent(s)/ trademark(s) have been included: 

DATE INCLUDED INCLUDED BY 
G Amendment G Answer G Cross Bill G Other Pleading 

PATFNTOR DATE OF PATFNT HOLD EH OF PA TENT OR TRADEMARK 
TRADEMARK NO. OR TRADEMARK 

I 

2 

3 

1 

5 

In the above-entitled case, the following decision has been rendered or judgement issued: 

DECISION/JUDGEMENT 

CLERK DATE 

9/17/2013 

Copy I-Upon initiation of action, mail this copy to Director -Upon termination of action, mail this copy to Director 
Copy 2-- Upon filing document adding patent(s), mail this copy to Director Copy 4-Case file copy 

Sandoz Inc. 
Exhibit 1002-00917 

Teva 
Exhibit 1002-00917

Teva – Fresenius 
Exhibit 1002-00917



Case 1:14-cv-00104-TWP-DKL Document 28 Filed 01/23/14 Page 1of1 PagelD #: 96 

AO 120 (Rev. 08/10) 

TO: 
Mail Stop 8 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

REPORT ON THE 
FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK Alexandria, VA 22313-1450 

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been 

filed in the U.S. District Court for the Southern District of Indiana on the following 

D Trademarks or [ilf Patents. ( D the patent action involves 35 U.S.C. § 292.): 

DOCKET NO. DATE FILED U.S. DISTRICT COURT 
1 :14-104-TWP-DKL 1/23/2014 for the Southern District of Indiana 

PLAINTIFF DEFENDANT 

ELI LILLY AND COMPANY GLENMARK GENERICS INC., USA 
GLENMARK PHARMACEUTICALS LTD 
GLENMARK GENERICS LTD. 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 7,7772.209 8/10/2010 ELI LILLY AND COMPANY 

2 

3 

4 

5 

In the above-entitled case, the following patent(s)/ trademark(s) have been included: 

DATE INCLUDED INCLUDED BY 

D Amendment D Answer D Cross Bill D Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PA TENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 

2 

3 

4 

5 

In the above-entitled case, the following decision has been rendered or judgement issued: 

DECISION/JUDGEMENT 

~ 

CLERK 

~~ 
(BY) DEPUTY CLERK V I DATE 

~1/ ~; kV 1/23/2014 - ~ 

Co 1-U on initiation of action, mail this co to Director Co 3--U on termina · on of action mail this co PY P PY PY P , PY to Director 
Copy 2-Upon filing document adding patent(s), mail this copy to Director Copy 4--Case file copy 

Sandoz Inc. 
Exhibit 1002-00918 

Teva 
Exhibit 1002-00918

Teva – Fresenius 
Exhibit 1002-00918



CasaseID~8I876JIJIWl914llKLDd0001HT1eBt1-IB Filed IDM09/1@ Page 1 of 1 PagelD #: 3363 

~AO 120 (Rev. 3/041 

TO: 
Mail Stop 8 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

Alexandria, VA 22313-1450 

REPORT ON THE 
FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK 

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § lll6 you are hereby advised that a court action has been 

filed in the U.S. District Court Southern District of Indiana on the following ~atents or G Trademarks: 

DqcAf-TNf!3 : -cv- 76-TWP-DM DATE Fifr5J29/2010 U.S. DISTRICT COURT Southern District of Indiana 

PLAINTIFF DEFENDANT 

ELI LILLY AND COMPANY TEVA PARENTERAL MEDICINES, INC., APP 
PHARMACEUTICALS, LLC, PLIVA HRVATSKA D.0.0., 
TEVA PHARMACEUTICALS USA INC., and BARR LAB 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

l 

2 

3 

4 

5 

In the above-entitled case, the following patent(s)/ trademark(s) have been included: 

DATE INCLUDED INCLUDED BY 

G Amendment G Answer G Cross Bill ~ Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

l 7,772, 209 B2 8/10/2010 CLET NIYIKIZA, Inventor 

2 

3 

4 

5 

In the above-entitled case, the following decision has been rendered or judgement issued: 

DECISION/JUDGEMENT 

Closed Judgment dated 3/31/2014, see attached. 

Copy I-Upon initiation of action, mail this copy to Direc~opy 3-Upon termination of action, mail this copy to Director 
Copy 2-Upon filing document adding patent(s), mail this copy to Director Copy 4-Case file copy 

Sandoz Inc. 
Exhibit 1002-00919 

Teva 
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Case 1:15-cv-01083-SEB-TAB Document 9 Filed 07/20/15 Page 1of1 PagelD #: 39 

AO 120 (Rev. 08/10) 

TO: 
Mail Stop 8 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

Alexandria, VA 22313-1450 

REPORT ON THE 
FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK 

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been 

filed in the U.S. District Court Southern District of Indiana on the following 

G Trademarks or GiJ' Patents. ( G the patent action involves 35 U.S.C. § 292.): 

DOCKET NO. DATE FILED U.S. DISTRICT COURT 
1"15-cv-1083-B-K 7/10/2015 Southern District of Indiana 

PLAINTIFF DEFENDANT 

ELI LILLY AND COMPANY MYLAN LABORATORIES LIMITED, 
MYLAN INC., and 
MYLAN PHARMACEUTICALS INC. 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

I 7,772,209 **see copy of Complaint attached** 

2 

3 

4 

5 

In the above-entitled case, the following patent(s)/ trademark(s) have been included: 

DATE INCLUDED INCLUDED BY 

G Amendment G Answer G Cross Bill G Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

l 

2 

3 

4 

5 

In the above-entitled case, the following decision has been rendered or judgement issued: 

DECISION/JUDGEMENT 

(BY) DEPUTY CLERK DATE 

~~ 7/20/2015 

Copy I-Upon initiation of action, mail this copy to Director Copy 3-Upon termination of action, mail this copy to Director 
Copy 2-l1pon filing document adding patcnt(s), mail this copy to Director Copy 4--Case file copy 

Sandoz Inc. 
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AO 120 !Rev. 08/10) 

Mail Stop 8 REPORT ON THE 
TO: 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

Alexandria, VA 22313-1450 

FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK 

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been 

filed in the U.S. District Court Eastern District of Wisconsin on the following 

liZJ Trademarks or D Patents. ( D the patent action involves 35 U.S.C. § 292.): 

DOCKET NO. DATE FILED U.S. DISTRICT COURT 
15-C-869 7/17/2015 Eastern District of Wisconsin 

PLAINTIFF DEFENDANT 

Klement Sausage Co Inc Johnsonville Sausage LLC 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 

2 

3 

4 

5 

In the above-entitled case, the following patent(s)/ trademark(s) have been included: 

DATE INCLUDED INCLUDED BY 

0 Amendment 0 Answer D Cross Bill D Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 3684763 912212009 Klement Sausage Co Inc 

2 

3 

4 

5 

In the above-entitled case, the following decision has been rendered or judgement issued: 

DECISION/JUDGEMENT 

CLERK (BY) DEPUTY CLERK DATE 

Jon W. Sanfilippo sf Amanda S. Chasteen 7/20/2015 

Copy I-Upon initiation of action, mail this copy to Director Copy 3--Upon termination of action, mail this copy to Director 
Copy 2-Upon filing document adding patent(s), mail this copy to Director Copy 4-Case file copy 

Case 2:15-cv-00869-JPS Filed 07/20/15 Page 1of1 Document 2 
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