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Hepatic Collagen Production in the Rat Is Unaffected by Methotrexate' (42327)
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Abstract. Methotrexate (MTX) has been implicated in the pathogenesis of hepatic fibrosis.
However, no information exists regarding the effects of MTX on hepatic collagen metabolism.
Therefore, we studied the role of MTX in hepatic collagen production in vivo in rats receiving
an 8-week course of varying doses of MTX. Twenty-four hours prior to sacrifice animals received
an injection of [5-*H]proline. Collagen was extracted with hot trichloroacetic acid and the protein-
bound [*H]hydroxyproline was used as a measure of de novo collagen production. The hepatic
collagen content was essentially the same in the control and treatment groups in spite of evidence
of hepatotoxicity. Similarly, no significant differences were present among the control and MTX-
treated groups in the de novo absolute collagen production. In summary, we found no evidence
of increased hepatic fibrogenesis in small groups of animals after 8 weeks of treatment with MTX.
Data clearly supporting the claim that MTX itself is responsible for hepatic fibrosis are lacking.

© 1986 Society for Experimental Biology and Medicine.

Methotrexate (MTX) is a folate antagonist
with clinical utility in the treatment of neo-
plastic disorders, rheumatologic diseases, and
psoriasis (1, 2). However, MTX treatment has
been implicated in the pathogenesis of hepatic
fibrosis. Originally described in children with
leukemia (3, 4), this association between MTX
and hepatic fibrosis has been best studied in
patients with psoriasis. Although some authors
have reported the development of hepatic fi-
brosis in patients on MTX treatment (4-8),
others have not confirmed this association (9-
12). Other factors, including alcohol intake
and the underlying illness itself, may have
contributed to the hepatotoxicity observed
5, 8,9, 13).

Although guidelines concerning MTX
therapy for psoriasis have been recommended
(14), no evidence showing that MTX affects
hepatic collagen metabolism is available. An
animal model would allow us to study the ac-
tions of MTX on hepatic collagen production
independently of the other factors present in
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patients. However, no such animal model has
been developed.

Custer et al. (15) administered varying doses
of MTX to rats for periods of up to 24 months
and found fatty infiltration of the liver as well
as a significant increase in hepatic triglyceride
content when compared to control animals.
These workers also noted that an unspecified
number of rats given MTX had hepatic fibro-
sis, although the authors felt that this usually
was due to “collapse.” In a follow-up study
this group reported that ~20% of MTX-
treated rats developed hepatic fibrosis (16).
These experiments were not designed to study
hepatic fibrosis primarily, and no specific con-
clusions relating to MTX’s effect on hepatic
fibrogenesis were reached. It also should be
pointed out that histologic examination is an
insensitive method of following the develop-
ment of hepatic fibrosis. Animal models of
hepatotoxicity have revealed that increased fi-
brogenesis may be detected biochemically by
light microscopy even when fibrosis is lacking
(17, 18).

Since no further experimental data regard-
ing MTXs effect on hepatic fibrogenesis are
available, the question of whether MTX itself
induces hepatic fibrosis remains unsettled.
Therefore, we initiated studies to clarify the
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role of MTX in hepatic collagen production
1n rats.

Materials and Methods. [5-*H]proline (19
mCi/umole), DL-2-hydroxy[2-'“C]proline (15
mCi/mmole), and ACS scintillation fluid were
obtained from Amersham/Searle Corporation
(Arlington Heights, I1L.); [*HJtoluene and
["*Cltoluene standards and [methyl-"*C]col-
lagen (9.9 uCi/mg) were purchased from New
England Nuclear (Boston, Mass.). Sources of
other chemicals were AG50W-X8 resin (100-
200 mesh) from Bio-Rad Laboratories (Rich-
mond, Calif)); L-proline, hydroxy-L-proline,
L-aspartic acid, Trizma buffer solution, and
trichloroacetic acid from Sigma Chemical
Company (St. Louis, Mo.); methanol (glass
distilled) and chloroform (glass distilled) from
EM Science (Gibbstown, N.J.); ethyl ether an-
hydrous from Mallinkrodt (Paris, Ky.); and
sodium citrate buffers for amino acid analysis
from Benson Company (Reno, Nev.). Meth-
otrexate sodium from Lederle Parenterals, Inc.
(Carolina, Puerto Rico) was used. Male Fischer
rats (strain F344) were obtained from Charles
River Breeding Laboratories (Wilmington,
Mass.).

Animals. Animals weighing approximately
80 g received one of four experimental regi-
mens: (i) control—normal saline (volume
equal to that of Group iii) ip qd (“qd” defined
as 5 consecutive days per week); (ii)) MTX,
250 ug/kg ip qd; (iii) MTX, 400 ug/ke ip qd;
(iv) MTX, 600 ug/kg ip qod (“qod” defined
as every other day). Dosages were chosen in
an attempt to induce maximal hepatotoxicity
without mortality in the first 2 months of drug
administration based on the data of Custer et
al. (15). MTX-induced hepatotoxicity, as
measured by hepatic triglyceride content, has
been shown to be dose-dependent and repro-
ducible (15, 16). Animals were weighed each
week and doses adjusted accordingly. The rats
were allowed free access to standard laboratory
chow and water. The animal facility was tem-
perature and humidity controlled.

Animals receiving 400 ug/kg qd and 600
ug/kg qgod began to die after 8 weeks of treat-
ment. Therefore, the rats were sacrificed at 8
weeks of therapy.

Determination of de novo collagen produc-
tion. Twenty-four hours prior to sacrifice the
animals received an intraperitoneal injection
of 100 uCi of [5-*H]proline in 0.5 ml of sterile
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saline. After sacrifice by ether overdose the
livers were removed, washed in ice-cold 0.05
M Tris/0.11 NaCl, pH 7.6, dried on filter pa-
per, and frozen at —20°C.

Portions of liver (approximately 3 g) were
homogenized at 4°C in 0.05 M Tris, pH 7.6.
Trichloroacetic acid (TCA) was added to yield
a final concentration of 100 mg/ml. The sam-
ples were centrifuged at 1000g for 10 min at
4°C, and the supernatants were collected and
stored at 4°C. The precipitates were resus-
pended in TCA (50 mg/ml) and collected by
centrifugation (19, 20).

Collagen extraction was then undertaken by
resuspension of the precipitate with TCA (50
mg/ml) followed by heating at 90°C for 1 hr
(21). The samples were centrifuged at 500g for
5 min, and the supernatant was collected. The
precipitate was resuspended in TCA (50 mg/
ml), again heated at 90°C for 1 hr, and the
supernatant added to the former collection.
The precipitate was stored at —20°C.

Two volumes of ether was added to the su-
pernatant, and the solution was mixed at 100
oscillations/min for 5 min. The upper layer
(TCA and ether) was removed and the pro-
cedure was repeated two times. The lower,
aqueous layer was heated in a 50°C water bath
for 2 min in order to evaporate any residual
ether and then lyophilized.

The extract was hydrolyzed with 6 N HCI
at 120°C for 3 hr in order to release [P"HJHYP
(19). There was a negligible amount of tritium
exchange during the acid hydrolysis, as pre-
viously described (22, 23). Activated charcoal
was added, and the supernatant was collected
after centrifugation and washing with distilled
water. The solution was then filtered, lyophi-
lized, and reconstituted with 325 ul of 0.2 N
sodium citrate, pH 2.2. Recovery of [*“C]col-
lagen internal standards by this method of ex-
traction was 90%.

[PHJHYP was eluted on a 119 Beckman
amino acid analyzer as previously described
(22). Fractions were counted by liquid scin-
tillation spectrometry. The amino acid ana-
lyzer yielded an 82% recovery of [2-'*CJHYP.
No radioactivity was detected in the region in
which cis-HYP elutes. The protein-bound
[PHJHYP was used as a measure of collagen.

The noncollagen protein precipitates were
dissolved in 0.3 N NaOH, and the radioactivity
was counted and expressed as disintegrations
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per minute per gram of liver. Ninety-five per-
cent of the protein-bound [*H]proline was
present in the noncollagen protein fraction,
while 5% was in the hot-TCA-extractable frac-
tion.

The radioactivity in collagen and noncol-
lagen proteins was used to calculate the relative
collagen production (19, 20):

dpm in collagen
dpm in noncollagen protein
X 5.4 + dpm in collagen

Specific radioactivity in the free proline pool.
The TCA-soluble fractions of liver homoge-
nates were desalted on a 1.5-ml AG50 column,
and the proline eluted with 4 ml of 6 N HCl.
The eluant was lyophilized and reconstituted
with 400 ul of 0.2 N sodium citrate, pH 2.2.
Separate portions of the solutions were used
for quantitation of proline by ninhydrin re-
action on the amino acid analyzer and. for
measurement of radioactivity. The absolute
amount of collagen production was calculated
as follows (19, 20):

radioactivity in collagen (dpm)
proline specific activity (dpm/nmole)’

This value was expressed as nanomoles of
protein-bound HYP formed per gram of liver.
The absolute noncollagen protein production
was calculated similarly from the radioactivity
in noncollagen protein and the specific activity
of the free proline pool. This value was ex-
pressed as nanomoles of proline incorporated
into noncollagen protein per gram of liver.

Unlabeled collagen content in liver. The
HYP content of the hydrolyzed hot-TCA-ex-
tractable fraction was determined by the nin-
hydrin reaction in the amino acid analyzer
(22). The value of unlabeled collagen content
was expressed as nanomoles of HYP per gram
of liver.

Triglyceride content. Triglyceride content
was determined by a modification of the
methods of Folch ez al. (24). Portions of liver
(approximately 0.5 g) were weighed and ho-
mogenized with a 2:1 chloroform-methanol
mixture to a final dilution 20 times the volume
of the liver sample. After 1 hr the crude extract
was mixed thoroughly with 0.2 vol water, and
the mixture was allowed to separate into two
phases over 15 hr at room temperature. The
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lower phase was removed and dried in a 37°C
water bath under nitrogen. Triglyceride con-
tent was measured on a Technicon Autoan-
alyzer II (25). The extract was reconstituted
with isopropanol and hydrolyzed to free glyc-
erol. Glycerol was oxidized to formaldehyde,
coupled with acetylacetone to give the flu-
orescent product 3,5-diacetyl-4-dihydroluti-
dine, and measured fluorometrically. Values
were expressed as milligrams of triglyceride per
gram of liver.

Statistics. All the results were expressed as
means *+ SE. A two-tailed, unpaired Student
t test was used to evaluate the differences of
the means between groups, accepting P < 0.05
as significant.

Results. The unlabeled hepatic collagen
content was essentially the same in the control
and MTX treatment groups (Table I). Thus,
no net deposition of collagen occurred in the
liver after 2 months of MTX administration.
We then studied the effect of MTX on hepatic
de novo collagen production, a more sensitive
parameter of fibrogenesis.

The collagen production relative to total
protein production was similar in the control
animals and in the MTX treatment groups
(Table II). Expressing collagen production in
relation to total protein production eliminates
consideration of changes in amino acid trans-
port or other factors that could modify the
specific activity of the free proline pool. How-

TABLE 1. NONRADIOACTIVE HEPATIC COLLAGEN
CONTENT IN METHOTREXATE-TREATED RATS

Collagen®

Experimental® group (nmole/g liver)
Control (n = 5) 500 £ 40
MTX, 250 ug/kg qd

(n=4) 520 + 60
MTX, 400 ug/kg qd

n=23) 510 £ 50
MTX, 600 ug/kg qod

(n=2) 480 (110)
MTX, all doses

(n="9) 510 = 30

Note. Results are means + SE. Values shown in paren-
theses are one-half the range. The differences between
groups are not statistically significant.

2 Same as those described under Materials and Methods.

b Protein-bound hydroxyproline was determined by
amino acid analysis of the hydrolyzed hot-TCA-extractable
fraction.
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TABLE II. RELATIVE HEPATIC COLLAGEN PRODUCTION IN METHOTREXATE-TREATED RATS

Experimental® group Collagen® Noncollagen® Relative collagen
Control (n = 5) 22+0.7 1.4+04 2.6 £0.3
MTX, 250 pg/kg qd (n = 3) 1.9+0.2 1.8+0.2 1.9 £ 0.1
MTX, 400 ug/kg qd (n = 4) 22+0.3 20+0.1 2.1+04
MTX, 600 ug/kg qod (n = 2) 1.9 (0.3) 1.3(0.2) 2.7(0.8)

Note. Results are means + SE. Values shown in parentheses are one-half the range. The differences between groups

are not statistically significant.

“ Animals were injected with 100 uCi of [5-*H]proline in 0.5 m] of sterile saline ip 24 h prior to sacrifice.
® Determined as protein-bound [*H]hydroxyproline in the hot-TCA-extractable fraction and expressed as 10° X dpm/

g liver.

¢ Determined as *H radioactivity in the TCA-nonextractable fraction and expressed as 10° X dpm/g liver.
4 Calculated from the *H radioactivity in collagen and noncollagen protein as described under Materials and Methods

and expressed as 1072%.

ever, alterations in collagen production could
be masked by parallel changes in noncollagen
protein production. To eliminate this possi-
bility the absolute protein production was de-
termined using the specific activity of
[*H]proline in the free amino acid pool.

No significant differences were present
among the specific activities of the free
[*H]proline pool in control and MTX-treated
animals (Table III), suggesting that MTX did
not affect free proline transport or metabolism.
Although some studies have suggested that
measurement of the aminoacyl-tRNA pool is
a more accurate method of determining pre-
cursor specific activity (26), at least for leucine
(27, 28), there is much convincing evidence
to the contrary. After the intravenous injection
of [**C]leucine to both control and ethanol-

fed rats, the leucine specific activities were
similar in the free hepatic pool and hepatic
RNA (29). Also, it has been shown that, for
various rat tissues labeled with several different
amino acids, the specific activities in the free
amino acid pool and in specific proteins were
almost identical (30, 31). The absolute de novo
collagen production was not increased in livers
from animals treated with MTX (Table III).
Calculation of absolute noncollagen protein
production also revealed no significant differ-
ences among the groups (Table III).

We have shown that weight loss is correlated
with a selective decrease of hepatic collagen
production in the rat (32). Therefore, we com-
pared the weight changes in control and treat-
ment groups over the entire 8-week period of
study as well as during the final 48 hr (de novo

TABLE III. FREE PROLINE SPECIFIC ACTIVITY AND ABSOLUTE HEPATIC PROTEIN PRODUCTION
IN METHOTREXATE-TREATED RATS

Free [*H]proline®

specific activity

Collagen® Noncollagen

Experimental? group (dpm/nmole) (nmole/g liver) (umole/g liver)
Control (n = 5) 70 = 22 31+3 23+3
MTX, 250 ug/kg qd (n = 3) 75+ 3 25+2 25+ 1
MTX, 400 ug/kg qd (n = 4) 75+ 6 30+3 27+3
MTX, 600 ug/kg qod (n = 2) 53(3) 36 (8) 25(2)
MTX, all doses (n = 9) 70+ 2 302 26 =1

Note. Results are means + SE. Values shown in parentheses are one-half the range. The differences between groups

are not statistically significant.

¢ Animals were injected with 100 uCi of [5-*H]proline in 0.5 ml of sterile saline ip 24 hr prior to sacrifice.

® Proline was purified by ion-exchange chromatography of the acid-soluble fraction of liver homogenates. Separate
portions were used for quantiation of proline on amino acid analyzer and for measurement of radioactivity.

¢ Calculated from the protein-bound [*H]hydroxyproline and the specific activity of the free proline pool.

“ Calculated from the *H radioactivity in noncollagen protein and the specific activity of the free proline pool.
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collagen production was determined in the last
24 hr of life). No significant differences were
found in the weight changes over 8 weeks
(control, 220 + 11% vs MTX, all doses, 204
+ 7%) or over the last 48 hr of life (control,
0.7 £ 0.4% vs MTX, all doses, —0.5 + 1.1%).

In summary, there was no significant dif-
ference in any measurement of hepatic col-
lagen metabolism when comparing the control
group with each of the MTX groups (250 ug/
kg qd, 400 ug/kg qd, 600 ug/kg qod). Nor did
any significant differences exist among the
three MTX treatment groups. Because of this
lack of dose response to MTX we combined
the three groups given MTX for comparison
with the control group. Once again, no mea-
surement of hepatic collagen metabolism was
significantly different in the control and MTX
groups (Tables I and II).

An elevation in the free proline pool has
been associated with increased hepatic colla-
gen content in human cirrhosis (33) and has
been reported to stimulate collagen synthesis
in the rat liver (34), although conflicting results
also have been presented (35, 36). Measure-
ment of the free proline pool in our animals
revealed an increase in each MTX treatment
group when compared to the control group.
These increases did not reach statistical sig-
nificance. However, when the MTX-treated
animals were combined, the free proline pool
was significantly greater in the MTX treatment
group (283 £+ 19 vs 198 + 24 nmole proline/
g liver, P < 0.02). No evidence of an increase
in collagen production was found in spite of
this MTX-induced rise in free hepatic proline
pool. Thus, our data fail to support the asso-
ciation between free proline and collagen pro-
duction in the rat liver.

As expected, measurement of hepatic tri-
glyceride did reveal a significant elevation in
the MTX-treated animals (7.9 + 3.1 vs 4.8
+ 1.0 mg triglyceride/g liver, P < 0.05), con-
firming past observations of this MTX effect
(15, 16).

Discussion. MTX treatment has been as-
sociated with hepatic fibrosis and cirrhosis in
the human (4-8). However, whether MTX is
responsible for this effect remains to be estab-
lished. We found no evidence of increased
collagen production or increased collagen
content in the livers of rats treated with MTX.
A hepatotoxic effect of MTX in the rat was
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reconfirmed in the present study: The liver
triglyceride content was significantly elevated
in rats treated with MTX when compared with
that of the control group. Others have noted
an elevation in triglyceride content and pro-
nounced fatty infiltration in the livers of rats
given chronic MTX treatment (15, 16). Al-
though the increased triglyceride content may
be a precursor to the later development of fi-
brosis, sensitive methods of measurement de-
tected no increase in hepatic collagen produc-
tion or collagen content in rats treated with
MTX. The hepatic collagen content has been
reported to increase in alcohol-induced fatty
liver in rats, in the absence of fibrosis (17, 18).
Presumably, we would have detected a similar
effect of MTX in our animals, if present. It is
conceivable that total collagen content only
increases after MTX treatment for periods
greater than 2 months. However, the deter-
mination of de novo hepatic collagen produc-
tion measures collagen production over 24 hr
in response to a single dose of MTX. The lack
of stimulation of de novo hepatic collagen
production by MTX argues strongly against
an effect of MTX on hepatic fibrogenesis. Of
course, we cannot completely exclude the
possibility of an alteration in the effect of MTX
on de novo collagen production when MTX
is administered for even longer periods of time.,
What are the possible explanations for the
absence of MTX-induced fibrosis in the rat
liver? Other factors may play a major role in
MTX-associated hepatic fibrosis in man. A
significant number of patients with psoriasis
have abnormalities noted on liver biopsy be-
fore MTX treatment (13, 37-40). Leukemic
children also frequently have evidence of liver
pathology prior to chemotherapy (41). Thus,
the underlying disease for which MTX is used
may contribute to the development of hepa-
totoxicity. Alcohol intake repeatedly has been
postulated to contribute to the hepatic fibrosis
seen with MTX treatment in psoriasis (5, 8,
9, 13). Other, less well-characterized factors
may also be involved in the induction of he-
patic fibrosis in MTX-treated patients.
MTX-induced hepatic fibrosis could be a
species-specific effect not seen in the rat. A
similar difference among species may exist in
alcohol-fed animals. Baboons fed ethanol for
a prolonged period developed steatosis fol-
lowed later by fibrosis on serial liver biopsies
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(42). Chronic ethanol feeding in monkeys
alsoled tofattyinfiltration butcaused no altera-
tion in hepatic collagen metabolism or deposi-
tion (43).

Barak and Kemmy (44) reported that he-
patic levels of betaine, an oxidative product
of choline used as a secondary source of methyl
groups in methionine metabolism, are de-
creased by MTX treatment in the rat. MTX
inhibits the production of tetrahydrofolate and
tetrahydrofolate cofactors which function as
primary sources of methyl groups. The authors
suggest that betaine may compensate for the
MTX-induced reduction in tetrahydrofolate
cofactors in the rat. Since the rat liver contains
high levels of choline oxidase activity (45) for
betaine production, Barak and Kemmy fur-
ther postulate that the rat may be more resis-
tant to the hepatotoxicity of MTX than other
species, including man, which possess much
less hepatic choline oxidase activity. However,
the MTX-induced decrease in betaine could
be considered paradoxical in the face of high
choline oxidase activity in the rat, and any
relationship between hepatic betaine levels or
choline oxidase activity and hepatic fibroge-
nesis is highly speculative.

Data clearly supporting the claim that MTX
itself is responsible for hepatic fibrosis are
lacking. Confirmation of MTX-induced he-
patic fibrosis will require evidence of increased
hepatic fibrogenesis in a MTX-treated animal
model, thereby isolating the MTX effect and
removing potentially confounding factors.
Such a model has been established for alcohol-
induced liver fibrosis (17, 18, 42).

The present study provides the first assess-
ment of hepatic collagen metabolism in MTX
treatment. We found no alteration in hepatic
collagen production or content in small groups
of animals after 8 weeks of treatment with
MTX. MTX clearly requires study in other
species, such as subhuman primates, in order
to characterize better its hepatic effect.
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