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ABSTRACT: The purpose of this study was to investigate the medium-term effects of methotrexate
(MTX) and indomethacin on the growth of young rats. Four equal groups of Sprague–Dawley male rats
(four animals in each group; mean9S.D. body weight, 183913 g, in their rapid growth phase) were
subjected to the following drug treatment: one group was given MTX (0.2 mg kg−1 body weight)
subcutaneously on every fourth day, another received indomethacin (2.5 mg kg−1 body weight) subcuta-
neously daily and the third group was given both of these drugs (MTX on every fourth day and
indomethacin daily). The fourth group was injected subcutaneously with physiological saline every day
to serve as a control group. Total body weight, food and water consumption by animals in each group
were monitored every second day for a period of 10 weeks. After this period, liver, spleen and kidneys
were excised, weighed and analysed for MTX and dihydrofolate reductase activity. Compared with the
groups, which received MTX alone, indomethacin alone, or physiological saline, mean increase (17911 g)
in body weight of rats was minimal in the group receiving both MTX and indomethacin. The difference
was statistically significant (p=0.001) when the values of mean increase in body weight of rats in
different treatment groups after a 10-week treatment were compared. The mean weights of liver and
spleen in this group receiving both MTX and indomethacin were also found to be significantly less than
the weights of these organs in the control group (pB0.01). There also appears to be a decline in food
consumption in this group (pB0.05). This negative effect on growth of animals in this group appears to
be not only due to decreased food consumption but also due to increased inhibition of de novo pathway
of DNA synthesis. This is supported by increased accumulation of MTX and decreased dihydrofolate
reductase activity in this group receiving both MTX and indomethacin, as compared with the group
receiving MTX alone. The data indicate an additive effect of MTX and indomethacin on the suppression
of growth in young rats, alluding to the notion that patients suffering from juvenile rheumatoid arthritis
or acute lymphoblastic leukaemia receiving these two drugs concomitantly over a long period of time
might be at a risk of experiencing short-term suppression of growth. Copyright © 1999 John Wiley &
Sons, Ltd.
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Introduction

Methotrexate (MTX) is a synthetic analogue of folic
acid. Being a potent inhibitor of dihydrofolate re-
ductase (DHFR), the drug has been used in the
treatment of leukaemia, choriocarcinoma and a
number of other malignancies [1]. For the past few
years, it is also being increasingly used in the treat-
ment of juvenile rheumatoid arthritis (JRA) as a
disease modifying drug [2–6]. It has turned out to
be an effective therapy for most children with JRA.

In addition, children with JRA are often concomi-
tantly treated with nonsteroidal anti-inflammatory
drugs (NSAIDs) which can alter MTX plasma clear-
ance leading to toxicity [7–10]. Indomethacin is an
inexpensive NSAID often used in JRA as analgesic
and anti-inflammatory agent along with MTX. Both
of these drugs may have an adverse effect on the
growth of these children. Such an effect has not
been reported so far. Therefore, in order to investi-
gate the hypothesis that ‘administration of MTX
alone, and MTX and indomethacin in combination
may result in suppression of growth’, a rat model
was used. Another objective of the study was to see
whether increased accumulation of MTX in tissues
following concomitant treatment with indomethacin
was one of the possible causes of this effect.
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Materials and Methods

Chemicals

MTX and indomethacin with purity \97% were
obtained from Sigma Chemical Company (St. Louis,
MO, USA). Tritiated MTX (specific activity 11.2 Ci
mmole−1) was purchased from Amersham Corp.
(Arlington Heights, IL, USA). All other chemicals
were of reagent grade.

Animal Studies

Sixteen Sprague–Dawley young growing male rats
aged 2.0–2.5 months (a period of rapid growth)
with mean9S.D. weight, 183913 g, were divided
into four groups, each comprising of four animals.
They were kept untreated for 1 week for complete
acclimation to the laboratory conditions. Then, one
group was injected subcutaneously with MTX (0.2
mg kg−1 body weight) on every fourth day. An-
other group was given indomethacin (2.5 mg kg−1

body weight) subcutaneously every day. The third
group received both MTX (0.2 mg kg−1 body
weight) on every fourth day and indomethacin (2.5
mg kg−1 body weight) every day. MTX was admin-
istered in physiological saline in a solution form (0.2
mL), while indomethacin was injected in the form
of a suspension in physiological saline (0.4 mL). The
fourth group was injected daily with physiological
saline (0.4 mL) and served as a control group. This
treatment was continued for a period of 10 weeks
and the injection sites were varied day by day. It is
important to mention that the low dose of MTX was
worked out after a series of trials with doses of the
drug so that the effect of MTX could be studied
over a period of 10 weeks. The trial doses of MTX
for this pilot study were selected on the basis of the
rat model used by Freeman-Narrod et al. [11] who
used MTX in a dose, which was one-half of the
LD10. With an MTX dose of 0.2 mg kg−1 body
weight on every fourth day, all the animals sur-
vived during the period of this study. There was no
evidence of diarrhoea or gastrointestinal bleeding,
which are the common complications of these two
drugs when given over a long period of time. In the
final 2 weeks of study, animals on MTX were found
to be weak and lethargic.

Rats were bred at our animal house facility and
maintained under standard conditions in a room
with a daily photo-period of 16-h light at 23°C. Rats
had free access to food and water. Food and water
consumption and weight of animals in each group
were determined every other day for a period of 10
weeks. Then the animals in each group were sacri-
ficed and their liver, kidney and spleen were ex-
cised, cleaned with physiological saline, gently
dried between folds of a filter paper and weighed.
Homogenates of liver and kidney were prepared as

described previously [12]. Briefly, liver and kidney
were suspended in cold 0.05 M citrate buffer, pH 7.4
containing phenyl-methyl-sulphonyl-fluoride (3.5
mg L−1) and 0.02% sodium azide using 3 mL of
buffer for 1 g of tissue, and homogenized using a
Potter–Elvehjem type tissue grinder. Insoluble de-
bris was then pelleted by centrifugation at 30000×g
for 30 min at 4°C and the supernates were analysed
for MTX (total as well as free) and additional bind-
ing of [3H]MTX at pH 4.8.

Measurement of Total MTX in Liver and Kidney
Extracts

To measure the total MTX in liver and kidney
extracts of rats, the homogenates were boiled for 5
min to denature the enzyme DHFR and release the
bound drug. MTX in these extracts was measured
using a modified ligand-binding radioassay by the
principle of stoichiometric dilution analysis as re-
ported previously [13].

A brief account of this assay is as follows: A total
reaction volume of 0.5 mL in 0.06 M citrate buffer,
pH 4.8, contained 48 mM NADPH, 2.2 nM [3H]MTX,
varying amounts of unlabelled MTX (0–4 ng) or the
unknown sample, and 50 ml of DHFR that has been
titrated to bind approximately 50% of [3H]MTX. The
reactions are incubated for 10 min at room tempera-
ture and then stopped by adding 0.4 mL of 1%
Norit A neutral charcoal (Sigma Chemical Co., St.
Louis, MO, USA) in 0.5% Dextran T-10 (Pharmacia
Fine Chemicals, Piscataway, NJ, USA). After cen-
trifugation, the radioactivity in 0.5 mL of superna-
tant solution, which contains the bound [3H]MTX, is
counted in an LS-3801 Spectrometer (Beckman In-
struments Inc., Palo Alto, CA, USA) using 5 mL of
3a70 Scintillation fluor (Research Product Interna-
tional, USA). A dose–response curve is constructed
by plotting the percent bound [3H]MTX against the
amount of unlabelled drug in the reaction. The
amount of the drug in the unknown sample is
determined using this dose–response curve.

The protein concentration of the unboiled extracts
was determined by the Lowry method [14].

Measurement of Free MTX in Liver and Kidney
Extracts

For measurement of free MTX in liver and kidney
extracts, 1-mL samples of homogenates of liver and
kidney of rats treated with MTX alone and MTX
with indomethacin were dialysed extensively
overnight against 0.15 M NaCl. The dialysed ho-
mogenates were then boiled for 5 min to denature
DHFR and other MTX binding proteins to release
the bound MTX. This bound MTX was determined
by the MTX binding assay as described above. Free
MTX in the extracts was calculated by subtracting
the protein-bound MTX from the total MTX.

Copyright © 1999 John Wiley & Sons, Ltd. Biopharm. Drug Dispos. 20: 389–395 (1999)
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Measurement of Residual DHFR Activity

Residual DHFR activity in the dialysed extracts of
liver and kidney of the rats treated with MTX alone
and MTX with indomethacin was titrated by bind-
ing of [3H]MTX [13] on the principle that the MTX
stoichiometrically inhibits the enzyme by binding to
its active site [15].

Statistical Analysis

The mean values have been presented as means9
standard deviation (S.D.). Statistical analysis of the
data pertaining to effect of various drugs on body
weight across the study period was carried out
using repeated measures analysis of variance
(ANOVA) followed by Tukey’s multiple pair-wise
comparisons.

One way ANOVA and Student’s t-test were used
for comparison of mean increase in body weight
over a period of 10 weeks, and for comparison of
mean food consumption, mean water consumption
and the mean organs’ weight in various treatment
groups versus the control group. The data pertain-
ing to total MTX, free MTX and residual DHFR
activity in rats treated with indomethacin and MTX
and MTX alone were also compared by Student’s
t-test. A pB0.05 was considered significant, how-
ever, in order to highlight a negative (but not signif-
icant) effect of drug on growth, the pB0.1 was also
incorporated in certain tables.

Results

Effect of MTX and Indomethacin on Body Weight

Figure 1 shows the effect of MTX, indomethacin,
and MTX plus indomethacin on body weight of
growing rats from week 1 to week 10 of the treat-
ment. MTX appears to have a growth retarding
effect while indomethacin given along with MTX
potentiates this growth retardation. When the mean
increases in body weight of animals in these groups
were calculated, it was noticed that the minimal
mean9S.D. increase (17911 g) was observed in
the group receiving both MTX and indomethacin
compared with the mean increase of 41910 g in the
group receiving MTX alone, 58911 g increase in
the control group and 5699 g increase in the group
receiving indomethacin alone (Figure 2). In other
words, compared with control group, there was
71% less weight increase in the group receiving
both MTX and indomethacin, while there was 30%
less weight increase in the group receiving MTX
alone. When these mean increase values were com-
pared by using one way ANOVA followed by Stu-
dent’s t-test, the group receiving both MTX and
indomethacin was found to be significantly differ-
ent from all other groups including the group re-

Figure 1. Effect of MTX and indomethacin on the body weight of
rats over a period of 10 weeks. Indomethacin (2.5 mg kg−1 body
weight) was given daily subcutaneously, while MTX (0.2 mg
kg−1 body weight) was administered subcutaneously on every
fourth day. There were four animals in each group. S.D. at each
mean value is shown by error bars. Repeated measures ANOVA
followed by Tukey’s multiple pairwise comparisons showed that
the interaction between time (in weeks) and drugs was signifi-
cant (F-statistic=3.52; p=0.0051)

ceiving MTX alone (one way ANOVA p=0.0012;
F-statistic=10.9453).

In order to see the effect of various drugs on
weight gain across the whole study period, the data
in Figure 1 were subjected to repeated measures
ANOVA. Tukey’s multiple pair-wise comparisons
were used to compare the effect of drugs at various
time intervals when the F-statistic was found to be
significant.

Analysis showed that the interaction between
time (in weeks) and drugs was significant

Figure 2. Mean increase in body weight of rats in various treat-
ment groups from week 1 to week 10 of treatment. Indo refers to
indomethacin. Each treatment group contained four animals. S.D.
at each mean value is shown by error bars. Asterisk (*) indicates
the treatment group significantly different from other groups.
One-way ANOVA p=0.0012

Copyright © 1999 John Wiley & Sons, Ltd. Biopharm. Drug Dispos. 20: 389–395 (1999)
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(F-statistic=3.52; p=0.0051). This implies that the
effect of drugs is different across different time
intervals. When the control group was compared
with the group treated with indomethacin plus MTX,
the weight changes in the two groups at weeks 4, 6,
8 and 10, were found to be statistically significant,
while at weeks 0 and 2, the weight changes in the
two groups were not statistically different.

Similarly, when the control group was compared
with the group treated with MTX alone, then at
weeks 6, 8 and 10 the weight changes in the two
groups were found to be statistically different, while
up to week 4 the weight changes in the two groups
were not statistically significant.

When the indomethacin-treated group was com-
pared with the group treated with both in-
domethacin and MTX, then at weeks 4, 6, 8 and 10,
the weight changes in the two groups were statisti-
cally significant, while at weeks 0 and 2, the weight
changes in the two groups were not significantly
different.

When the indomethacin-treated group was com-
pared with the group receiving MTX alone, then at
weeks 8 and 10, the weight changes in the two
groups were statistically significant, while up to
week 6, the weight changes were not statistically
different.

When the group receiving indomethacin plus MTX
was compared with the group receiving MTX alone,
then at week 10, the weight change in the two groups
was statistically significant, while at weeks 0, 2, 4, 6
and 8, the weight changes were not significantly
different.

Effect of MTX and Indomethacin on Food and
Water Consumption

Figure 3 shows the effect of MTX, indomethacin, and
MTX plus indomethacin on weekly consumption of
food by rats from week 1 to week 10 of the treatment.
After week 7, MTX alone appears to have a some-
what negative effect (though not significant) on food
consumption by rats when compared with the con-
trol group receiving no drug. However, MTX plus
indomethacin has a considerably more negative ef-
fect on food consumption by rats after week 8 of
treatment (p=0.031). This suggests that decreased
food consumption may also be a factor contributing
to slower growth of rats in the group receiving both
MTX and indomethacin. Water consumption
throughout the study period, however, remained
nearly the same among all the groups (data not
shown).

Effect of MTX and Indomethacin on Organ
Weight of Rats

In order to see whether these drugs affect the growth
of different organs of the rats especially the ones with

Figure 3. Effect of MTX and indomethacin on weekly food
consumption of rats over a period of 10 weeks. Indomethacin (2.5
mg kg−1 body weight) was given daily subcutaneously, while
MTX (0.2 mg kg−1 body weight) was administered subcuta-
neously on every fourth day. There were four animals in each
group. S.D. at each mean value is shown by error bars. One-way
ANOVA p values (comparing mean changes in food consump-
tion between the group receiving both MTX and indomethacin
versus the control group receiving physiological saline) at differ-
ent weeks of treatment (week 1=0.757, week 2=0.566, week
3=0.858, week 4=0.577, week 5=0.313, week 6=0.668, week
7=0.157, week 8=0.031, week 9=0.088, week 10=0.05)

a relatively high cell turnover rate, mean9S.D.
weights of liver, spleen and kidney of rats in various
treatment groups were determined, including the
control, and the values were compared by Student’s
t-test. As shown in Table 1, the mean weights of liver
and spleen in the group receiving indomethacin plus
MTX were found to be significantly less (pB0.01 in
liver and spleen) than those of control rats. MTX as
a single drug had a significant effect only on the
mean weight of liver (p=0.021). Indomethacin as a
single drug had no significant effect on the growth
of these organs.

Effect of Indomethacin on the Accumulation of
MTX

The concentration levels of total MTX and free MTX
in the extracts of liver and kidney of the rats treated
with MTX alone and MTX plus indomethacin for a
period of 10 weeks are shown in Table 2. It is
noteworthy that, compared with the rats treated with
MTX alone, there is significantly more concentration
of both total and free MTX in liver and kidney of the
rats treated concomitantly with indomethacin and
MTX (pB0.025).

Copyright © 1999 John Wiley & Sons, Ltd. Biopharm. Drug Dispos. 20: 389–395 (1999)
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Table 1. Weight of spleen, kidney and liver of rats following 10 weeks of drug treatment (means9S.D.)

Treatment group No. Spleen weight (g) pa Kidney weight (g) pa Liver weight (g) pa

0.52190.07 —Control 1.26590.08 — 6.790.45 —4
0.511890.06 NS 1.28890.07 NS4 6.490.46Indomethacin NS

4MTX 0.491990.07 NS 1.14590.10 0.055 (NS) 5.990.43 0.021
Indomethacin+MTX 4 0.357790.06 0.006 1.06590.20 0.056 (NS) 5.5690.30 0.001

a The p values compare treatment groups with the untreated (control) group. NS, not significant.

Effect of Indomethacin on the Residual DHFR
Activity

Additional binding of [3H]MTX at pH 4.8 by the
extracts of liver and kidney is indicative of residual
DHFR activity in these organs. Table 3 shows the
additional binding of [3H]MTX by the extracts of
liver and kidney of the rats treated with in-
domethacin plus MTX, compared with the extracts
of these organs of the rats treated with MTX alone.
There is significantly less residual DHFR activity in
liver and kidney of rats treated with both MTX and
indomethacin (pB0.025).

Discussion

Growth by definition is an increase in size of an
animal and includes both the linear increase due to
bone growth and the body weight increase due to
tissue growth in the rapid phase of development.
Administration of MTX has been shown to ad-
versely affect the growth of cells [16]. Recently, it
has been have reported that high-dose MTX causes
short-term suppression of linear growth in rabbits
[17]. These authors, however, studied the effect of
the drug for 5 days only. Similarly, it has also been
reported that short-term low dose MTX has little
effect on the weight gain by rats [18]. These authors
administered MTX intraperitoneally on days 1, 8
and 15 at a dose of 0.3 or 3 mg kg−1 and studied
the effect of the drug only for 18 days, a period too
short to see any significant growth inhibition by
MTX. This observation is also supported by the data
(Figure 1), which show that MTX has little effect on
body weight gain during the first 2 weeks of treat-
ment. Apart from these studies, the medium-term
or long-term effects of the drug have not been

analysed before. This becomes important when chil-
dren suffering from JRA or acute lymphocytic
leukaemia (ALL) have to be treated with MTX for a
prolonged time. The results in this study show that
MTX in low dosage (0.2 mg kg−1 body weight) can
adversely affect the development of body weight in
growing rats especially when it is given concomi-
tantly with indomethacin. The effect was observed
on the growth of individual organs as well, most
noticeably in liver and spleen (Table 1). There could
be a number of reasons for the observed suppres-
sion of growth in rats. Decreased food intake by the
animals and malabsorption could be one of them.
MTX is known to cause weight loss, anorexia and
prevents regeneration of gastrointestinal mucosa
[19]. Indomethacin, too, has been reported to cause
anorexia, nausea, abdominal pain, diarrhoea and
gastrointestinal bleeding [20]. The data show that
concurrent administration of these two drugs ap-
pears to significantly reduce (p=0.05) food con-
sumption by the animals (Figure 3), thereby
contributing to slowing the increase in their body
weights.

Folate deficiency due to repeated use of MTX
could be another possible cause for the observed
suppression of growth in rats [21]. At the cellular
level, inhibition of DHFR activity due to increased
accumulation of MTX in tissues could be another
possible mechanism for suppression of growth. In-
domethacin has been shown to increase the cellular
uptake of MTX [22]. In a clinical study by Dupuis et
al. indomethacin appears to prolong the elimination
half-life of MTX in children with chronic arthritis
[23]. These investigators actually attempted to study
the pharmacokinetics of low dose oral MTX alone
and in the presence of NSAIDs (indomethacin, tol-
metin, naproxen and aspirin) in seven children (age
3.5–14 years) with chronic arthritis. Six of the

Table 2. Concentration of total and free MTX in extracts of liver and kidney of rats treated with MTX alone and with MTX and
indomethacin (means9S.D.)

Treatment administered No. Concentration in extracts (ng mg−1 protein)

Liver Kidney

papa Free MTXTotal MTX pa Free MTX pa Total MTX

— 0.4590.57MTX —4 10.8491.98 — 4.0891.01 — 6.8991.044
0.015 1.990.36Indomethacin+MTX 4 15.991.04 0.001 7.8692.68 0.0010.019 8.7190.77

a The p values compare the group treated with indomethacin plus MTX with the group treated with MTX only.
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children were receiving multiple NSAIDs. Among
the three patients who were receiving indomethacin
(50–75 mg day−1) two were also receiving
naproxen (500 mg) and the third one was on aspirin
(2600 mg day−1). After maintaining the patient on
his/her normally prescribed NSAIDs, MTX dose
(3.75–12.5 mg) was given the next day along with
NSAIDs dose and then the blood sampling was
carried out for a period of 6 h. Their results showed
that the mean MTX elimination half-life was signifi-
cantly prolonged when NSAIDs were coadminis-
tered. In six of the seven patients, the area under the
serum MTX concentration–time curve (AUC) in-
creased from 19 to 140% in the presence of NSAIDs
suggesting that these patients may be at a greater
risk of developing MTX toxicity. However, neither
the mean apparent MTX clearance nor mean vol-
ume of distribution was significantly altered by the
administration of NSAIDs.

A severe interaction between MTX and in-
domethacin has also been reported in a patient of
non-Hodgkin’s lymphoma [8]. All these reports al-
lude to the possibility that potentiation of the nega-
tive effect on growth by indomethacin in this study
might be due to increased accumulation of MTX in
the animals. Keeping that in mind, the concentra-
tion of total and free MTX in liver and kidney of the
rats treated with MTX alone and MTX plus in-
domethacin was also monitored. It is important to
note that compared with the concentration of MTX
in liver and kidney of rats treated with MTX alone,
there is a significantly higher concentration of MTX
in these organs of rats treated with indomethacin
plus MTX. These results also conform well to those
reported by Nierenberg [24] who has shown that
indomethacin and other NSAIDs competitively in-
hibit tubular secretion of MTX, thereby increasing
the concentration of this drug in serum and tissues.

In a similar study pertaining to interaction be-
tween indomethacin (2.5 mg mL−1) and MTX (25 mg
mL−1), Statkevich et al. [25] have also demonstrated
a highly significant effect of indomethacin on secre-
tion of MTX in urine. They showed a significant
decline (pB0.001) in both total clearance and tubu-
lar clearance of MTX in the presence of in-
domethacin suggesting that concomitant admin-
istration of indomethacin with MTX in vivo would
lead to increased accumulation of MTX in the body.

This increased accumulation of MTX in tissues may
have a significant effect on the growth of the tissues
with high cell turnover rate by inhibiting the path-
way of de novo DNA synthesis.

Since DHFR is the target enzyme of MTX in the
pathway of de novo DNA synthesis [26], the residual
activity of this enzyme in liver and kidney of ani-
mals treated with MTX alone and MTX plus in-
domethacin was also focused on. The results
pertaining to decreased residual DHFR activity as
determined by the additional [3H]MTX binding at
pH 4.8 (Table 3) and increased MTX concentration
(Table 2) in liver and kidney of the rats treated with
indomethacin plus MTX further suggest the possi-
bility of greater inhibition of the pathway of de novo
DNA synthesis in this group of rats compared with
those which were treated with MTX alone, thereby
resulting into reduced weights of these organs in
this group of rats (Table 1). Similar findings have
been reported by Tsukamoto and Kojo [27] who
have also shown that reduced weight of liver in
MTX-treated rats was possibly through the inhibi-
tion of the pathway of de novo DNA synthesis by
MTX.

Although the bone growth of rats was not moni-
tored in this study, the effect of MTX on bone
metabolism cannot be discounted. Even in low
doses it has been shown to cause osteopenia in
normal animals [28] and a decrease of osteoprogen-
itor cell colony growth in normal rats [18]. In a
more recent in vitro study, it has been shown not to
affect mature osteoblast population, but instead
suppresses the proliferating cell fraction [29]. All
these reports lend further support to the hypothesis
that increased accumulation of MTX in the body in
the presence of indomethacin may cause suppres-
sion of growth by inhibiting the pathway of de novo
DNA synthesis especially in organs with a high
cell-turnover rate.

Low-dose MTX therapy has been frequently used
in JRA patients, but no growth related long-term or
short-term effects of this treatment have been stud-
ied in these patients. Growth retardation after
chemotherapy in children suffering from acute
lymphocytic leukaemia has been observed [30,31]
but the regimen used was a combination of drugs
including MTX, hence, making it difficult to

Table 3. Additional binding of [3H]MTX by extracts of liver and kidney of rats treated with MTX
alone and with MTX and indomethacin (means9S.D.)

No.Treatment administered Concentration of additional [3H]MTX bound
(ng mg−1 protein)

pa paKidneyLiver

— 1.390.17 —MTX 4 0.8390.09
0.8790.13Indomethacin+MTX 4 0.790.03 0.0020.017

a The p values compare the group treated with indomethacin plus MTX with the group treated with MTX alone.
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conclude that the observed effect was exclusively
due to MTX. Since MTX is often used as a single
disease-modifying drug in JRA, it would be impor-
tant to study its long-term effect on growth of such
patients. It is noteworthy that the dosage of MTX (0.2
mg kg−1 every fourth day) used in this study is
comparable with the dosage of the drug normally
used in JRA. For example, it has recently been
reported that, in at least ten studies, the mean weekly
MTX dosage used in JRA was around or below 0.4
mg week−1 [32]. Similarly, the indomethacin used in
this study was in a dosage which corresponds to the
highest dosage used in clinical practice. Therefore,
the data regarding the additive effect of in-
domethacin and MTX on suppression of growth in
rats allude to the possibility that JRA patients receiv-
ing these two drugs concomitantly over a long
period of time might be at a risk of experiencing
short-term suppression of growth.
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