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ABSTRACT

AlIM: To study the effect of leflunomide on CCl,-induced hepatic fibrosisinrats. METHODS: Hepatic fibrosis was
induced by subcutaneous injection with 50 % CCl, in Sprague-Dawley rats. The amount of CCl, administered was
1 mg/kg. The alanine aminotransferase (ALT), aspartate aminotransferase (AST), nitric oxide (NO) levelsin
plasma and hydroxyproline (Hyp) contentsin liver tissue were assayed by spectrophotometry. The hyaluronic acid
(HA) and procollagen I11 (PC I11) were assessed by radioimmunoassay. The transforming growth factor-p1
(TGF-B1) in serum was determined by ELISA. The nuclear factor-kappa B (NF-xB) in liver tissue was examined
by immunohistochemistry. Liver samples collected after 12 weeks of CCl, treatment were stained with hematoxy-
linand eosin. RESULTS: Leflunomide (1, 3, and 9 mg/kg) significantly decreased indices of liver and spleen, the
serum transaminase (AST, ALT) activities, HA and PC |11 levels, and Hyp contentsin liver tissue in rats of hepatic
fibrosis. Histopathological examination showed leflunomide had inhibitory effect on fibrogenesis and formation of
pseudolobulus. Furthermore, leflunomide significantly inhibited NF-xB expression in liver tissue, and reduced
elevated serum TGF-B1 and NO levelsin rats of hepatic fibrosis. CONCLUSI ON: Leflunomide showed inhibitory
action on hepatic fibrosis induced by CCl, in rats.

INTRODUCTION circulation. Our studies indicated that |eflunomide had
significantly therapeutic effects on the secondary in-
flammation response of adjuvant arthritisin rats. Re-
cent evidence suggested the anti-inflammatory and
immunoregulatory effects of leflunomide were related
to its ability to suppress the activation of mediated
nuclear factor-kappa B (NF-kB), a potent mediator of
inflammation when stimulated by awide variety of in-
flammatory stimuli, including tumor necrosis factor
(TNF), lipopolysaccharide (LPS), phorbol ester, H,O,,
and ceramide”®. Treatment of a human T cell line
(Jurkat) with leflunomide blocked TNF-mediated NF-
! Project supported by the Natural Science Foundation of Anhui kB activation in a dose- and time-dependent manner,
fg;’r'rnceésgeii:fgﬁ? Ll P 865515161116 with maximum inhibition at 5-10 umol/L™®. Jankovic

P ’ ' et al reported that A7, S0 had inhibitory effect on
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Received 2003-09-05 Accepted 2003-12-07 nitric oxide (NO) production and inducible nitric oxide

A considerable body of evidence showed lefluno-
mide, an isoxazole derivative, as a unique immunomo-
dulatory agent, was capable of treating rheumatoid
arthritis, allograft and xenograft rejection, systemic lu-
pus erythematosus, and colon carcinoma™. Lefluno-
mide was a prodrug that is rapidly converted in the cell
to an active metabolite, A,;,,,,>%. Theinitial conversion
involved the opening of isoxazole ring to produce A 717
which constituted more than 95 % of the drug in the
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synthase (INOS) mMRNA expression in Interferon-y plus
L PS-activated murine and rat primary fibroblast™.

Hepatic fibrosis is a dynamic process caused by
chronic liver injury dueto variousetiologies (vira, toxic,
metabolic, autoimmune), eventually leading to cirrhosis.
It is predominantly characterized by excessive accu-
mulation of extracellular matrix caused by both an in-
creased synthesis and decreased or unbalanced degra-
dation of extracellular matrix. Current evidence indi-
cates that the central mediator of hepatic fibrosisisthe
hepatic stellate cell (HSC)*®. Upon activation, HSC
changed their phenotype from retinoid-storing quies-
cent cell to extracellular matrix-producing myofibroblast.
Activated HSC produced cytokines [transforming
growth factor-p (TGF-B), platelet-derived growth fac-
tor (PDGF), etc] and chemokines and attracted inflam-
matory cells (Kupffer cells, leukocytes, etc) to the site
of injury. The expression of cytokine and chemokine
receptors and adhesion molecules on HSC and the po-
tential to stimulate the proliferation of alogenic inflam-
matory cellsimplied abi-directional interaction between
HSC and infiltrating inflammatory cells. HSC perpetu-
ated their activation through autocrine and paracrine
mechanisms that involved the secretion of cytokines
and chemokines. Furthermore, several studies showed
that HSC activation was associated with elevation of
NF-xB activity™ . Thus, inhibition of proinflammatory
and profibrogenic factors and regulation of host immu-
nity would be beneficial to prevent the progression of
hepatic fibrosis.

Based on theimmunological dysfunction in hepatic
fibrosis and leflunomide’ s immunomodulatory feature
with high effication and low toxicity, we assumed that
leflunomide might have inhibitory effect on hepatic
fibrosis. Our studies demonstrated that leflunomide had
the therapeutic action on acute chemical and immuno-
logical liver injury™ ™. The present work aimed at in-
vestigating the effect of leflunomide on hepatic fibrosis
in rats and its mechanisms.

MATERIALS ANDMETHODS

Animal and materials Male Sprague-Dawley rats
weighing 200-250 g were purchased from Animal Cen-
ter of Anhui Medical University. Rats were allowed to
take food and tap water ad libitum. Leflunomide was
kindly donated by Cinkate Co, USA. Leflunomide was
insoluble in water, therefore 1 % sodium carboxymeth-
ylcellulose was used as a carrier.

Induction of hepatic fibrosis*® Male Sprague-
Dawley rats were injected subcutaneously with 1 mL/
kg of body weight sterile CCl, in aratio of 1:1 with
olive ail twice weekly for atotal of 12 weeks. At the
beginning of injection of CCl,, the leflunomide was ad-
ministered by intragastric injection at doses of 1, 3, 9
mg/kg daily for 12 weeks. The control group was ad-
ministered with the same volume of 1 % sodium car-
boxymethylcellulose or colchicine (0.1 mg/kg). At 24
h after final injection of CCl,, a laparotomy was per-
formed and blood was drawn from the abdominal aorta
under ether anesthesia, after which the animals were
killed and the liver and spleen promptly were removed,
and weighed. The serum was stored at -70 °C after
separation until assayed as described below. Thetis-
sues were also stored -70 °C until required.

Indices of liver (liver wet weight/body weight) and
spleen (spleen wet weight/body weight) were appar-
ently increased in rats after subcutaneous injection of
CCl, compared with normal animals (Tab 1). Serum
ALT, AST, HA, PC 11 levels and Hyp contentsin liver
tissue were also significantly increased in model group
(Tab 2, Fig 1). After subcutaneous injection of 1 mL/
kg of body weight sterile CCl, in aratio of 1:1 with
olive oil twice weekly for atotal of 12 weeks, there
was obvious nodular fibrosis with delineated fibrous
septae, which were continuous and extended through-
out each section (Fig 2). The results indicated that
hepatic fibrosis was successfully induced in rats.

Determination of plasma alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST),
NO, TGF-B1, hyaluronic acid (HA) and procollagen
[11 (PC I1l) levels Plasma ALT and AST activities
were determined using commercial kits produced by
Institute of Shanghai Biological Products affiliated to
the Ministry of Health. Serum NO was assayed using
commercial kits produced by Beijing Biotinge-Tech Co
LTD. Serum TGF-B1 level was determined using rat
enzyme-linked immunosorbent assay (ELISA) kits ob-
tained from Sigma Co. Serum HA and PC 111 levels
were assessed using radioimmunoassay kits purchased
from Beijing Jingmei Bio-Tech Co LTD.

M easurement of hydroxyproline (Hyp) con-
tentsand NF-kB expression in liver tissue Theliver
tissue was weighed, hydrolyzed in HCI, and analyzed
for total Hyp content, according to the method of
Bergman et al™*® with minor modifications. The NF-kB
expression in liver tissue was analyzed using immuno-
histochemical kits purchased from Sigma Co.
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Histological examination of liver specimens
Formalin-fixed liver specimens were embedded in par-
affin and stained with hematoxylin and eosin for con-
ventional morphological evaluation.

Statistical analysis Results were expressed by
mean+SD. Statistical significance of difference between
groups was determined by ANOVA followed by t-test.
P<0.05 was considered significant.

RESULTS

Effects of leflunomide on hepatic fibrosis in-
duced by CCl, in rats Leflunomide (1, 3, and 9 mg/
kg, ig) and colchicines (0.1 mg/kg, ig) significantly low-
ered theindicesof liver and spleen (Tab 1). Leflunomide
(1, 3, 9 mg/kg, ig) and colchicine (0.1 mg/kg, ig) sig-
nificantly also decreased elevated serum ALT, AST, HA,
PC 111 levels and Hyp contents in liver tissue (Fig 1,
Tab 2).

Tab 1. Effect of leflunomide on indices of liver and spleen
in hepatic fibrosisratsinduced by CCl,. n=8. MeantSD.
°P<0.01 vs normal. °P <0.05, 'P<0.01 vs model.

Groups Dose/ mg-kg*  Index of liver/% Index of
spleen/%
Normal 4.0+0.5 0.54+0.08
Model 6.4+0.5° 0.72+0.08°
Leflunomide 1 6.3+0.5 0.71+0.06
3 5.7+0.4' 0.68+0.05
9 5.3+0.3 0.62+0.06°
Colchicine 0.1 4.3+0.4f 0.60+0.09'
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Fig 1. Effect of leflunomide on serum AST, ALT activities
in rats of hepatic fibrosisinduced by CCI,. n=8. Mean+SD.
°P<0.01 vs Normal. 'P<0.01 vs Model.

Tab 2. Effect of leflunomide on serum HA, PC |11 level and
Hyp contents of liver tissuein hepatic fibrosis ratsinduced
by CCl,. n=8. Mean%SD. ®P<0.01 vs normal. ®P<0.05, ‘P<
0.01 vs model.

Groups Dose/ HA/ng.L* PCllI/ng-L™* Hyp/ug-mg*
mg-kg* liver tissue
Normal 72.7+15.2 58.8+14.2 2.3+0.6
Model 575.3£58.6° 350.1+32.5° 9.3+0.8°
Leflunomide 1 474.3+585 263.1+32.5 8.2+0.7°
3 287.2¢58.4" 197.1+29.1" 7.1+0.7'
9 153.0+49.9° 111.4+16.0° 6.1+0.6
Colchicine 0.1  135.6+43.8" 94.0+11.4" 57+0.7

Effect of leflunomide on hepatic histological
examination Administration of leflunomide (9 mg/kg,
ig) and colchicines (0.1 mg/kg, ig) significantly inhib-
ited fibrogenesis and formation of pseudolobulusin liver
(Fig 2).

Effect of leflunomide on NF-kB expression in
liver tissue Immunohistochemical analysis of liver tis-
sue sections revealed that NF-xB expression, as brown
or yellow granulae in cytoplasm and nuleus, was ap-
parently increased in response to 12-week subcutane-
ous injection of CCl,. Leflunomide (9 mg/kg, ig) and
colchicines (0.1 mg/kg, ig) significantly reduced NF-
kB expression (Fig 3).

Effect of leflunomide on serum NO, TGF-B1
CCl, (sc) caused a significant rise in serum concentra-
tion of NO and TGF-B1 to 171.9425.9 pmol/L and 895.2
+110.4 pg/L compared with normal group (P<0.01),
respectively. Intragastric administration of leflunomide
(1, 3, and 9 mg/kg) and colchicines (0.1 mg/kg) sig-

Tab 3. Effect of leflunomide on serum TGF-B1 and NO
level in hepatic fibrosis rats induced by CCl,. n=8.
Mean+SD. °P<0.01 vs normal. ‘P<0.01 vs model.

Groups Dose/mg-kg® TGF-BL/ Inhibi- NO/umol-L™ Inhibi-
pgl?  tion/% tion/%

Normal 87.0+21.3 - 67.3+17.0 -
Model 895.2+110.4° O 171.9+25.9° 0
Leflunomide 1  738.5+60.3° 175 151.3+22.8 120

1285+19.3' 26.8
94.5+13.1" 45.0
93.8£10.3' 454

3 561.0+60.5° 37.3
9 296.4+36.1" 66.9
Colchicine 0.1 240.3+62.8° 73.2
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Fig 2. The photomicrographs of liver section taken from rats. A: Control (salineinjection only). B: CCl, (1 mL/kg) injection
only. C: CCl,+leflunomide (9 mg/kg). D: CCl,+colchicine (0.1 mg/kg). HE stain, x200.

Fig 3. Expression of NF-kB in liver section taken from rats. A: Control (salineinjection only). B: CCl, (1 mL/kg) injection
only. C: CCl +leflunomide (9 mg/kg). D: CCl,+colchicine (0.1 mg/kg). Immunohistochemical stain, x200.

nificantly lowered elevated serum NO and TGF-p1 lev-
els (Tab 3).

DISCUSSION

CCl, isone of the most widely used hepatic toxins
for experimental induction of hepatic fibrosis and cir-
rhosisin laboratory animals. CCl ,-induced fibrosis or
cirrhosisin experimental animals resembled human cir-
rhosisin some aspects of morphology and pathophysio-
logy. For example, in both cases regeneration of hepa-
tocytes occurs after necrosis, and fibrotic infiltration is

almost irreversible in the advanced stage of cirrhosis.
Thus, CCl -induced hepatic fibrosis has also been used
to assess the efficacy of anti-fibrotic reagents and to
verify correlation between pathophysiologic feature of
the liver and serum marker of fibrosis®.

In this article, hepatic fibrosis was successfully
induced by subcutaneous injection with sterile CCl, 1
mL/kg body weight in aratio of 1:1 with olive oil twice
weekly for a total of 12 weeks. On this basis,
leflunomide (1, 3, and 9 mg/kg, ig) significantly reduced
elevated indices of liver and spleen, serum transaminase,
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HA, PC Il levels, and Hyp contentsin liver tissue. His-
tological examination showed leflunomide evidently al-
leviated the progression of hepatic fibrosis. Therefore,
intragastric administration of leflunomide had apparently
inhibitory effect on hepatic fibrosisinduced by CCl, in
rats.

NF-xB isaubiquitoustranscription factor that plays
acritical role in hepatic fibrosis. Once activated, NF-
kB dimers were transported to the nucleus where they
stimulated the transcription of genes that carried NF-
kB DNA binding motifs, including the genes encoding
TGF-p and NO'#, Several studies showed that HSC
activation was associated with elevation of NF-xB ac-
tivity™4, Activated HSC predominantly expressed the
classic p65:p50 complex. Lang reported that NF-kB
was aregulator of HSC activation and proliferation, and
protected HSC against tumor necrosis factor oo (TNF-
a.)—induced apoptosis™®. Thisimportant observation
suggested that NF-xB functioned to promote the per-
sistence of activated HSC and a chronic wound healing
response. In thisinvestigation, leflunomide apparently
inhibited NF-xB expression in liver tissue of hepatic
fibrosis, which agreed with the results of Manna's re-
port that treatment of ahuman T cell line (Jurkat) with
leflunomide significantly blocked awide variety of in-
flammatory stimuli-mediated NF-«xB activation in adose-
and time-dependent manner!”®. As noted above, NF-
kB was aregulator of HSC activation and proliferation,
and protected HSC against TNF-a induced apoptosis.
It deserved further investigation on about whether in-
hibitory effect of leflunomide on hepatic fibrosis was
related with inactivating of NF-xB and promoting
apoptosis of HSC, thus preventing the progression of
hepatic fibrosis.

TGF-p is one of the most powerful and widely
distributed profibrogenic mediatorsin the body. Inthe
progress of hepatic fibrosis, TGF-B1 is produced by a
number of non-parenchymal cells, such as activated
HSC, Kupffer cells, and endothelial cells?d . TGF-p1
not only caused an increase in the production of typel,
11, and IV collagen but also in fibronectin and
proteoglycan. TGF-B1 also altered the balance of ma-
trix turnover against matrix degradation and in favor of
matrix accumulation, by inhibiting production of inter-
stitial collagenase, stromelysin and promoting the pro-
duction of the potent collagenase inhibitor, TIMP-1 and
plasminogen activator inhibitor-1. A further significant
effect of TGF-B1 was the stimulation of a positive
autocrine loop. Therefore, blocking TGF-B1 synthesis

or activation appeared an attractive prospect for therapy
of fibrosis. According to our investigation, the inhibi-
tory effects of leflunomide on hepatic fibrosis might
well be related with it function of decreasing the gen-
eration of TGF-f1.

Nadler et al showed that the synthesis of NO was
regulated by many proinflammatory factors including
TNF-a, IL-1, and NF-kB!®. LPS could also induce
HSC to express iNOS and synthesis a large amount of
NO™4, In the progress of hepatic fibrosis induced by
CCl,, thelevel of NO in serum was positive correlated
with degree of hepatic fibrosis®®. In this paper,
leflunomide significantly reduced elevated serum NO
level in the model of hepatic fibrosisinduced by CCl,.
Theresultsindicated the inhibitory effect of leflunomide
on hepatic fibrosis was associated with its ability to
decrease serum NO level.

All these results showed that the |eflunomide was
beneficia to hepatic fibrosisinduced by CCl,. Although
the mechanism was not completely clear, the present
study revealed that the inhibitory effect of leflunomide
on hepatic fibrosis was associated with its ability to
modulate NF-xB expression, TGF-f1, and NO produc-
tion.
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