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The etfect of cobalamin {vidamin By») on dhe survival fime of mice bearing
P88 lenkenia has been examined, Among the three cobalamins studied; the
enzymatically active dervatives, methyloobalamin and 3 «deoxvadenosyloo-

balamin, were able 1o significantly increase 'the survival time of mice
implanted intraperitoneatly with the tumor cells. The pharmaceutieal form,
cyanocobalamin, was notactve, The antitumor achivityof these cobalamins
muy be associated with their funcbions i mistabolism.,
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Evidence has scoumulated i therecent past that wites
min Byy 18 assocated with tumorigenesis. Patients with
many types of malignant neoplasia and leukemia had-ele-
vated serom levels of vitamsin By [ 1 2hand vitammn By
specific binding protetns [3-3L Certain cancer-bearing
mice synthesized vitamin Byr amd stored more vitamin
By than normal vontrols did [T, 6] but several spontas
neous mammary tumors were shown 10 destroy this vita-
min [6]. Studies with mouse spleen cells have shown that
the addition of methyleobalamin to culture medium en-
hanced the prodoction oFantibody and suppressor T cells
7L

Vitamin By had been uséd witheappirent benghitm
the treatment of voung children with seurchlastona &,
91 but the wesults of twostirvey studies using data from
several hospiialy fatled W confirm that vitumin By ther-
apy wasetfectiveeither when W was administered along or
i conjunction with Xaay or chemotherapeotic agents
(1o, 111,

Expermmenizwith lnboratory animals also showed con-
theting tesults: The admmistration of vitamin By inhib-

ited the growth of certain tumors implanted an mice [12,
13} -Mice treated with vitamin By survived Jonger than
did untreated controls, Vitamm By also inhibited the
growth of livertumors induced by pdimethylaminoazos
benzene in rats [14L A mixture of vilamin By and vita-
min € was able w inhibit the growth of certain mouse
wseitevor sobidtumors and fo Increase thesurvivabeareof
tumor bearing mice [15-17] However, in another study
with Fischer CDF rats, & mislure of vitamins Biyand C
had no effects on the growth of Ly ghiosarcoma, and 0o
differences i survival Hime between treatment and cons
frol group were observed [LE]L Furthermore, in somge
cases, vitamin By enhanced the growth of hbrosarcoma
merdis and of Rous sarcoma in chickens [19L Vitaman By
was also reported 1o be procaremogenic inorats and ham:
sters [20, 211 In addivion, 4 deliciency of vitamin By,
deereased the potencyoof cerfain carcinogensan mis j22,
231

Aorecent i vitro study with cultered cells indicated
thatcobalaming wery able toinhibit the growth of several
malignant cell lines [24] In these experiments, the metn:
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bolically active forms, methylcobalamin and 5'<deoxyad-
enosyleobalamin, were found to be effective but the meta-
bolically inactive cvanocobalamin bad practically no el
fect [24]. In the present study, 1o vivo experiments were
carmied outto'examine the effects of thiree difforent forms
of cobalamin on the survival of mice bearing ascites
tumaors.

Methods and Materials

Surveveay $ime

Drovg test was perforoed using @ murme-moded, goder the mes
pices ofthe NCEDawvision of Cancer Treatmient forsereening chemi-
val geens andnatural products dgainst animal tumors, model 3PS
I Mivie Chanoer Maodels, U5 Departrent ol Health and Human Ser
vices. Natonal Instiutes of Health Publication No, 84.2633 (14984,

Female DBAand CDFyomice 11820 g1 were purchased From
Simonsen Labordtones, Tnc tGilroy, Calil), They were Ted g nonpu-
rified diet (Puring CertiBed Rodent Diet; Mo, 3001, Ralsion Parina
Co5-Louis, Mo throughout the experiment. Feed andwiter were
offered ad lbitom, Mouse Ivimphoid neoplason colls PR weré prop
agated 1n DBA mice. The aseites celly were harvesiedon the Taly day
atter wmor paplantation: The CDF e mice were imjecied dntraperitor
neallvavith 100 washed dells suspended in 0.0 ml phosphate bulfored
saline, Mite were then randomized inte various test groups of 10
amimals each, Starting 24 b oafler implantation, dest ance were
mjected intraperitogealby with vanious doses of vitamin Bo 0.2 md
of saline solunon daily for 1 davs, The conteol ammals teceived an
el volume of saline. The mice were weighed twice 4 week and
were killed 30:davs atter tumor implantation and the result evaluar
edo When S0% or more o the antoly ng testgrovp suriived wothe
I0-day - time period alter tumor implantation, hi experiment Wik
extended 108 total of 60 davs. The numberol dayvs that each mouse
ived after the transplaration ol twmer cells was recorded as the sur
vival o,

Sratistoal Colewluvions

The Student’s twd tailed 1 festwas used lo determing siatistical
differences between the control and experimental groups, The mes
dianysurvival e dleach group was alsousedas an indis ol eompar
1son of the test aninals 1o their correspondime conrals. The median
survival tmesol the unireated conteol groups of these siperimonts
was 16 & ddavs Atestaocontrol satioof suvival time ol 1.3 0or g
fest agent was considered W damonstrate acuviy, whersas geatio of
LTS or grodter was considered sipnihicant attivite,

Cwlonlariorol Therapengie Ddex

The therapeutic index, refeming tothe dose vatio Bewween e
and therapeute etfet onpressed s the watio LD/ By whene
L Dgpasihe dosage lethai o 30 %ol the unireated animals and EDgs s
thi: dosage that aive a 90% coll Jillin the experitmenial mice [235]
Values of EDgs wire measured dsing CDF, suce. The mage were
mjected inraperioneally wal W cells, suspended 1n 001 wl phoss
phate-butfered sahne. The mice were then randonmved intd vanous
groups of HOoanimals each. Starting 24 halter implantavon, 1est moe
wole injenied mapertoncalby-winh Various doses bl b test agenis
0.2 ol saline soludon, Onothe fonth dav afer tumor inrplantas
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tiony the aseites cells were harveseed and washed, Then a homoge:
neouy representation of the vells was slained with erythrosin B The
numbersof vighle cells and dead cells were ponnted with-a hemocoy=
wimeter: The value of EDyy was calculated by comparing viable cell
numbers in treated and contrl animals: The survival inocculum
corves Trom the studies o survival time deseribed above were also
used for the-caloalation of EDss. A pood agresment was oblained
Between the two methods of caloulaton

Chemicals

Cyvano-, methyle and F-deoxvadenosy! cobalamin were pur-
chused from Sigmea Chemieal Cooo St Louls Mo, The cobalamin
dermvativies werp propared by introduciog the dry crstals into small
stecile fibedo A sulicient number of tubes wore prepired dnd sured
- 0 U bnediately. belore ingestion, stendesabine solution wis
gdded 1o thetubes wdissolvethe compounds,

Results and Discussion

We havetested the antitumor activity of "three-cobal-
amin derivatives that were available 1o us ot threg differ
ent-dosages: 25,50 and 100 my/ke body waight/mjection.
The mice were able to tolerate the injection of cobalamin
at a daily dose of 100 mg/kg body weight without any
apparent adverse effect. Table 1 shows the survival times
of test and connol mice bearing PI8Y leukenyia after
treatment with cobalamins. The data mdicate a statisti-
cally significant increase in the survival of mice treated
with methyleobadamin or adenesvleobalamin when com-
pared with the controls. Adenosyvicobalamin was appar-
ently ‘'more effective than methyicobalamin, However,
cvanocobalamin has practically »o effect on tumor
growth, These observations were in good agreement with
resulis in prévious experiments v winch o vitvo celbeul-
ture technigue was used [24] The ratios of median sur-
vival time of a test group o median survival time of con-
ol for these mice are shownin parentheses intable 1,
These ratios are in accordance with the corresponding
pvalues.

The therapeutic index is the ratio between toxic and
therapeutic effect. or the ratio of LDsgand EDy [25) The
values of EDg for methyl- and §'-deoxyadenosyleobal-
aminwere 120and 100 mptke bodv weight, respectively,
whereas cvanocobalamin did not affect cell wrowth ata
daily dose as lngh as 1000 megdke body weight, It has been
shown that the addition of vilamin By o foad 4n
amounts far dn excess of need orabsorbabiily appears 1o
be without hazard. Cyanocobalamin hascaused no toxics
ity i animaly at levels several thoosand tumes ther nuin-
tional requirements [29]. Toxigity tosts inour laboratory
indicated that these three cobalimin derivatives were

e

Find authenticated court documents without watermarks at docketalarm.com.

yi R Rachel - 828718

1071872015 62842 PM


https://www.docketalarm.com/

Table 1. Effectof cobalamin denvarives
o the survival of mice bearing ascites
o

Testagent Dosape, my/ke body welght/day Therapeutic
0 25 50 100 Index
Cyanucobalamin PTEE29 1206478 483542 B3 -
{097 {1.03) {106
We=as 1Li&e3s 205%27 2054 1.4
{0,94) (117 (hin
Rpe36 1793234 183445 85%42
{0973 (Lom (1:03)
Methvicobalanin IBOEL0 175228 75203 AR0E TR b3
LHOD (100 (LI
1To=32 = 18903 22797
{1.06) {1Leh
708 17361 AT
s (2,18
Adenosylcobalamim Q8224 Hlxld BB223 e AR 20
(AR {(his (3.0
135208 167245 212620 MAFILF
(LD (143) (1.36}
Bl - 2841370 40722320
{1.33) {3:83)

Valuesare means - SDolsurvival timesdayvs forpe= 100 Significance of the difference
between control and experimental values: *p < Q05 p < 001 Sp = 0001, Values in
parenthesesare rattos of median survival time of Test group o median survival ime of cons
trol groupo A value of 175 o greater fora test agent was considered to- demonstrate sigmbhi-

ot attvily.

Therapeutic mdex is pxpressed as the tatio LD/ EDgg, where Dy 15 the doso lethal 1o
S0 ol a population and EDy s the dose that gives 2 90 % cell kil

remarkably nontoxic when administered ntraperitons-
allv. The LDg for methyicobalamin was LB0O0 me/ks
body weight, which was 15 times the effective dose, The
LDsy for Sdeoxvadenosyicobalamin was ‘higher than
that for methvicobalamin, However, when adose of 2.000
my/'ke body weisht was injected into these mice, they
started 10 lose weighi, Thus the value of 2,000 mg/ke
body weight was used and the therapeutic index for 8-
deoxvadenosvicobalamin was 20 Although very large
dosesof cobalamins ijected intmperitoneally were nops
toxic, 1t became lethal when a4 omuch smaller dose was
injected intravenously into the mouse tail vein. This may
be the effectof the large volume of Thuid emiering the
mivuse bloodstream dormng @ relatively short penod of
injection time,

Yitamin By and folate are involved in the process of
gne-carbon-unit metabolism and methylcobalamin is a
source of one-carbon functional groups [26, 271 Although
the mechanism of the antilumor activity is not known, 4t
woguite evident that the roles of vitamin Byydn carcinos
penesis may be assocated with Hs - functions in normal
metabolism, particularty in the ong=carbon-umt metabo-
Hsm and inthe positiveand negative controlof DNA syne
thesis by normal and maligoant cells 126, 271 Vitamin By
iy expected 1o correct defective DNAChymine syothesis
m vitamin Bo-defoctive maredw (28] because thymidy-
late synthase requires N3 NY-methylenetetrahydrofolate
as methyl donor. For the same reason,-inpatients with
folate and vitamin By deficioncy, the addition of these
vitaming 1o marrow and Iymphocovte cultures enhanced
the incorporation of *H-deoxyuridine into DNA [29].
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Previousinvitro findings bave indicated that the met-
abolically active cobalaming were able o inhibitanalis-
nant cell growth, while the metabohically mactive forns
badd practically no effect [24], Folic acld and vitanin By
areintimately related o the synthesis ol DNAand RNA;
tack of either damages DNA syathesis. The primary dam-
age is o de novo DNA syathesis, witlvthe result that there
may be g secondary inerementan saivage DRA synihess
127, 29L In those tumors i which svnthesis o0 DNA by
the salvage pathway s relatively greater than in normal
cells, as compared 1o the de novo pathway of DNA sy
thekis, 18 theorstically possible that folate and vitanus
B s, by enhancingde nove DNA syathesis, could be rels-
tvelv more belpful tonormal than to tomer cells and el
tively more barmiul to certadn tumorcells {27, 291 Hhas
been suggested that these vitamins and theic antagoniss
cold be invelved ‘in the control of normal gene expros
sion and that deficieney of folate or vitamin By orany
Sause ol Tutlure 1o methvinte DINA OF RINA Can activite
malignancy by hypomethyvlating oncogenes; leading 1o
such gene expression or gene amplication, and that meth-
vlating oncogenes can inhibitmalipnancy by making them
dormant. Furthermore, these vitamins can be psefullin
controlling tumors that grow more apudly as more of
them are supphied, because the tumor cells can be stimuo-
lated o the DNA svathesis phase in which a number of
cancer chemotherapy agents exert their deadly effects:
These apents can be used in asequence rightafter folate or
yitanyin By 127, 301 Large doses of folic acid and vitamn
B wereable o polenbate oviotosicite ol Hooropyrnimug-
e by siabshzmg theternary complo and between Hubro-
deoxvurdyiate and thymadyviate syothase {301 The find-

W BRERE

ing that adenosyicobabomin was morg effective ‘than
methylcobalamin indicated that the mechanism of cobal
aminin carcinopenesis invelved notonly methyiation but
also oiher metabolic pathways of vitamin By metabo-
ligm,

Maost of the cobalamin in animals exists as the two
coenzymaticallvactive forms, methyleobalamin and ades
nosvicobalamin [26] Methylobalamin constitutes 60
B0% of the total plasma cobalamin. Adenosvicobalamin
isthe major cobalamnin cellular tssues, Thesuable phae
maceuiical form, cvanocobalamin, 45 pol nuintionally
avtive; Although animals bave the biochemcal machin.
g1y 1o convert cvanocobalanvn and other cobalamins mio
the two metabolically active cobalamins the difference in
activity of the three cobalamins indicated that the rate of
the conversion was probably very low and msullicientin
view of the rather bigh reguired dosage of the active
cobalamins;

In summary, these studies mdicate that methyvl and
F-deoxvadenosyloobalamin were able to significantly in-
crease the survival time ol mice implanted with the PIRS
tumor cells. Because there has been criticism of the use of
PISE a5 3 tumorsysien for deug discovery and develop-
mient, other fummor systemsare being studied 1n our labo-
ratory for further evaluition.
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