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Chapter 47
Methotrexate

Methotrexate has become an established treat-
ment for rheumatoid arthritis. Low-dose weekly
methotrexate was approved by the United States
Food and Drug Administration in 1988 as a therapy
for active rheumatoid arthritis. There is also signifi-
cant interest in low-dose methotrexate as a therapy
for a variety of other autoimmune, inflammatory,
and rheumatologic conditions.

CHEMICAL STRUCTURE

Methotrexate is an antimetabolite and is a struc-
tural analogue of folig acid. The structure of folic acid
(pteroylglutamic acid) consists of three elements: a
multiring pteridine group linked to a para-aminoben-
zoic acid that is connected to a terminal glutamic acid
residue (Fig. 47-1). Methotrexate differs from folic
acid in that an amino group substitutes for a hydroxyl
group in position 4 of the pteridine portion of the
molecule and by the addition of a methyl group in
position 10 of the 4 amino-benzoic acid structure
(see Fig. 47-1).

BIOCHEMICAL PHARMACOLOGY

Dietary folic acid is reduced enzymatically by
the enzyme dihydrofolate reductase to both dihydro-
folate and tetrahydrofolate, which are metabolically
active reduced folates. These reduced folates are
essential in the conversion of homocysteine to me-
thionine, in the metabolism of histidine, in the syn-
thesis of purines, and in the biosynthesis of thymi-
dylate, which is required for DNA synthesis.
Methotrexate, an antimetabolite, binds and inacti-

~ vates the enzyme dihydrofolate reductase, resulting
in the depletion of metabolically active intracellular
folates with subsequent inhibition of the synthesis of
thymidylate and inosinic acid (Fig. 47-2). Addition-
ally, methotrexate affects protein synthesis by pre-
venting the conversion of glycine to serine and ho-
mocysteine to methionine. Methotrexate exerts its
maximum inhibitory effect on cells that are actively
undergoing DNA synthesis, particularly those cells
in the S phase of the cell cycle. Cells undergoing
rapid cellular turnover such as in the epidermis and
gastrointestinal tract are the most susceptible to the
effects of the drug. Folinic acid (leucovorin), a fully
reduced metabolically active folate coenzyme, func-
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tions without the need for reduction by the enzyme
dihydrofolate reductase. Folinic acid (leucovorin) is
used to “rescue” normal cells from the toxicity in-
duced by methotrexate. Folinic acid is used as a
“rescue’” agent in cancer chemotherapy and as a
treatment for acute methotrexate overdose and he-
matologic toxicity.

Folates in the blood have a single terminal glu-
tamate structure. Most intracellular folates are me-
tabolized to a polyglutamated compound. These po-
lyglutamates have longer cellular retention and are
more efficient cofactors than the monoglutamate
compound. Similar to the folate cofactors, metho-
trexate also is metabolized from a monoglutamate to
a polyglutamated derivative. Methotrexate polyglu-
tamates have stronger cellular retention, remain
within the cell in the absence of extracellular drugs,
and are more potent than the monoglutamate struc-
ture.! The synthesis of the methotrexate polygluta-

mates increases with the duration of therapy. The
polyglutamated derivatives predominate in hepatic
tissue, which may be a factor in toxicity. The concen-
tration of hepatic methotrexate polyglutamates de-
creases after folinic acid therapy.?

The mechanism of action of low-dose methotrex-
ate in rheumatoid arthritis is not known. Whether
its therapeutic effect is due to its antifolate activity,
immunomodulating properties, immunosuppressive
progerties, or anti-inflammatory effects is under
study. It is most likely that a combination of these
factors accounts for its therapeutic profile in rheu-
matoid arthritis. High-dose methotrexate at doses
used for cancer therapy has immunosuppressive
properties including suppression of antibody forma-
tion and suppression of primary and secondary im-
mune response.® In rheumatoid arthritis, however, a
profound immunosuppressive effect has not been
documented with low-dose methotrexate. Neither a
global suppression of T cell function nor changes in
T cell subsets were Ported in short-term studies in
rheumatoid arthritis.* > After 2 years of therapy,
however, a significarit increase in the percentage of
T3 and T4 celfs and an increase in thymidine incor-
poration responses to selected mitogens and antigens
were noted.® These changes may have reflected the
reduction in prednisone dose and overall improve-
ment in disease activity that occurred after 2 years of
drug administration rather than a selective effect of
the drug.

The effect of methotrexate on in vivo gamma M
immunoglobulin (IgM) rheumatoid factor production
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as measured by agglutination assays has been vari-
able.*>7 A suppression of IgA rheumatoid factor and
IgM rheumatoid factor as measured by an enzyme-
linked immunosorbent assay (ELISA), however, was
observed in vivo in patients enrolled in multicenter
trials of methotrexate.® A suppression of in vitro
rheumatoid factor production has also been ob-
served.® Inhibition of selected interleukin-1 (IL-1)
activity has been reported in vitro, but the in vivo
data are inconclusive.’® Methotrexate exerts an anti-
proliferative effect on peripheral blood mononuclear
cells in vitro," inhibits in vitro vascular epithelial cell
proliferation and in vivo neovascularization, and may
affect adenosine release.’

An anti-inflammatory effect with methotrexate
has been suggested by its rapid onset of action and
the flare after drug discontinuation. In an air sac
model of inflammation, pretreatment of mice with
low-dose methotrexate inhibited neutrophil migra-
tion that was induced by both C5a and leukotriene
B,.** In vivo chemotaxis after stimulation with C5a
and leukotriene B, was blocked in psoriasis patients
after methotrexate administration.* ** Suppression of
leukotriene B, ex vivo was observed with methotrex-
ate in rheumatoid arthritis patients.’

Low-dose methotrexate inhibited adjuvant in-
duced and streptococcal cell wall induced arthritis."”
In adjuvant arthritis, methotrexate inhibited macro-
phage activation, inhibited neutrophil migration, and
prevented the induction of an IL-2 deficiency in
animals.”

PHARMACOKINETICS

Methotrexate at low doses can be administered
by either an oral or parenteral route. The bioavail-
ability of low-dose oral methotrexate is relatively
high, but there is individual patient variability. In 41
rheumatoid patients who received 10 mg per m? of
oral methotrexate, a mean bioavailability of 0.7 with
a range of 0.4 to-1.0 was reported.’® Patients not
responding on oral methotrexate should be given a
trial of parenteral methotrexate to ensure complete
bioavailability. Intramuscular and subcutaneous
methotrexate are rapidly absorbed; the maximum
serum concentration is attained within 2 hours of
injection. The pharmacokinetics of subcutaneous
methotrexate is the same as intramuscular metho-
trexate in rheumatoid arthritis.” Mecthotrexate dif-
fuses into synovial fluid at concentrations equal to
serum levels.”

Methotrexate distributes throughout the body,
with higher concentrations found in intestinal epi-
thelium and hepatic cells. Methotrexate is only 50 to
60 percent bound to plasma proteins. An increase in
free methotrexate owing to its displacement from
albumin by more highly protein bound drugs such
as aspirin, nonsteroidal anti-inflammatory drugs, and
sulfonamides can occur. This displacement appears
to be of limited clinical significance with low meth-
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otrexate doses because the increase in free metho-
trexate may only be modest. Methotrexate may
undergo hepatic metabolism by the enzyme aldehyde
oxidase to 7-hydroxymethotrexate. Excretion of
methotrexate and its metabolites is by the kidney by
both glomerular filtration and proximal tubular se-
cretion. Organic acids such as phenylbutazone, pen-
icillin, sulfonamides, salicylates, and probenecid
competitively inhibit tubular secretion, which may
affect methotrexate clearance. The plasma half-life of
methotrexate is less than 10 hours but increases in
the presence of renal insufficiency. The toxic effect
of methotrexate on normal tissue is generally related
to the duration of exposure rather than the peak
level of the drug.

Several kinetic studies have failed to note a
significant interaction between low-dose methotrex-
ate and a variety of nonsteroidal anti-inflammatory
drugs.® 2 With high doses of methotrexate, coad-
ministration of nonsteroidal anti-inflammatory drugs
or aspirin may be toxic and must be avoided. Drugs
that affect renal function, such as probenecid, or
drugs with antifolate activity, such as trimetho-
prim/sulfamethoxazole, should be used with great
caution owing to an increased risk for toxicity.

RHEUMATOID ARTHRITIS

‘Because aminopterin was a potent inhibitor of
connective tissue proliferation, Gubner et al.? in 1951
administered this drug to six patients with rheuma-
toid arthritis. A rapid improvement in the arthritis
symptoms occurred in five of the six patients, but
exacerbations followed drug discontinuation. In 1972,
Hoffmeister® reported the beneficial effect of low-
dose intramuscular methotrexate in 29 patients. Hoff-
meister expanded his series to include 78 patients
with a treatment follow-up as long as 15 years.
Forty-five patients (58 percent) had a “marked” im-
provement including 28 pahents who were judged
to be in “complete remission.” Seven patients dis-
continued therapy owing to adverse reactions, in-
cluding elevation in liver blood tests, stomatitis,
headaches, nausea, or increasing fatigue.

In another open study, 67 patients received low-
dose oral weekly methotrexate for a treatment period
that ranged from 3 months to 10 years.® A “one-
step”” response was noted in 33 (49 percent) and a
“two-step” response was noted in 18 (27 percent) of
the patients. Thirty-four patients discontinued ther-
apy, including 11 because of nausea or gastrointes-
tinal intolerance.

There was significant improvement in a 21-pa-
tient open study of 38 weeks’ duration. The metho-
trexate dose ranged from 7.5 to 25.0 mg per week.*
Eleven (52 percent) of the patients had an “unequiv-
ocal” response, five (24 percent) had an “equivocal”
response, and two patients were unresponsive to
therapy. Three patients discontinued methotrexate:
two because of noncompliance and fear of toxicity
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