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ABSTRACT

This study examined the possible hepatoprotective effect of aminoguanidine in comparison with silymarin
and investigated the possible beneficial effects of the combination of aminoguanidine and silymarin on
CCL4-induced liver fibrosis. Male Wister albino rats were randomly divided into five groups (10 rats/group).
Group I included control rats injected only with liquid paraffin and saline; group II represents CCL4

control
(injected with CCL

4
 3 times a week for 6 weeks in a dose of 25μl/100gm.b.w i.p, diluted 1:6 with liquid pa-

raffin); group III treated with aminoguanidine (100 mg/kg); group IV was given silymarin (100 mg/kg); group V
was given aminoguanidine (100 mg/kg) and silymarin (100 mg/kg). Fibrosis was depicted histologically and
biochemically.
CCL4 increased serum liver enzymes (ALT, AST, and ALP), lactate dehydrogenase (LDH), level of nitric oxide

(NO), tumor necrosis factor alpha (TNFα) and liver malondialdehyde content (MDA), collagen fiber percent
and decreased liver reduced glutathione (GSH) content as endogenous antioxidant. Histopathological
changes induced by CCL4 include regenerative nodules, deteriorated parenchyma; the lobules were infil-
trated with fat and structurally altered. Aminoguanidine, silymarin and their combination reduced these
changes and attenuated the pathological effects of CCL4 induced liver injury. The combination of both
drugs was better than each drug alone. It is concluded that aminoguanidine has protective effect against
CCL4 induced hepatoxicity via its iNOS inhibition and antioxidant effects. In addition, the combination of
AG with silymarin has more potent hepatoprotective effect than each drug alone.
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ORIGINAL ARTICLE

INTRODUCTION

Hepatic fibrosis is a common pathological process

resulted from various chronic hepatic injuries, whi-

ch is characterized by an increase of extracelluar

matrix (ECM) deposition in the Disse’s space and

the imbalance between synthesis and degradation of

ECM.1 The primary cause of liver fibrosis includes

viral hepatitis, alcohol consumption, autoimmune

disorders, drug-induced, helminthic infection, iron

or copper overload and biliary obstruction.2

Nitric oxide (NO) is an important mediator of he-

patotoxicity.3,4 It is derived from two sources in li-

ver. Hepatocytes and Kupffer cells contain inducible

NO synthase (iNOS), the activity of which is mar-

kedly increased in inflammation. Endothelial cells

contain constitutive NO synthase (eNOS). Nitric

oxide is known to react with superoxide radical, for-

ming peroxynitrite, an even more potent oxidizng

agent.5 Peroxynitrite can react directly with sul-

fhydryl residues in the cell membranes leading to li-

pid peroxidation as well as with DNA resulting in

cytotoxicity.6,7 The enzyme iNOS is expressed du-

ring the development of cirrhosis. Therefore, the

prevention of iNOS expression may have an impor-

tant role in both cirrhosis and endotoxaemia.8

Aminoguanidine (AG) is a selective iNOS inhibi-

tor, 9-11 although the mechanism underlying this is

unclear. Previous studies showed that AG protec-

tion could be through decreasing the metabolic

activation of CC1
4
 by directly inhibiting P4502E1,

the isoenzyme most effective in the activation of

CC1
4.
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Silymarin is the most known hepatoprotective

drug used as a reference standard also exhibited sig-

nificant protective effect against CCL4 induced liver

damage.13-17

Present study aimed to examine firstly the possi-

ble hepatoprotective effect of aminoguanidine in

comparison with Silymarin. Secondly study the pos-

sible beneficial effects of the combination of amino-

guanidine with silymarin on hepatic fibrosis induced

experimentally by CCL4 injection in rats.

MATERIAL AND METHODS

Experimental animals

Adult male albino rats (220-250 g) were supplied

by Egyptian Organization for Biological Products

and Vaccine (Helwan, Egypt). Rats were housed in

stainless steel cages at constant temperature of 25 ±

2 oC, relative humidity of approximately 50%, illu-

mination (12 h light/dark) and had free access to

standard pellet chow and water ad Libitum. All ex-

periments were carried out in accordance with pro-

tocols approved by the local experimental ethics

committee.

Experimental design

One week after acclimatization, rats were rando-

mly divided into five groups (10 rats/each). Group I

includes control rats injected only with liquid para-

ffin and saline; group II injected with CCL
4
 3 times

a week for 6 weeks in a dose of 25 μL/100

gm.b.w i.p, diluted 1:6 with paraffin oil to induce

fibrosis; group III was given aminoguanidine (100

mg/kg); group IV was given silymarin (100 mg/kg);

group V was given aminoguanidine and silymarin

in the same previously mentioned doses. Groups

(III, IV and V) received single oral daily dose of

drugs for 2 weeks followed by concurrent admins-

tration of CCL4 for 6 weeks. At the end of the expe-

riment, all animals from each group were

anaesthetized with urethane (1.3 g/kg) and blood

samples were collected from retrorbital sinus,18,19

subjected to serum separation and divided into ali-

quots. Fresh sera were tested for liver enzymes and

other aliquots were stored at -20 oC for later bio-

chemical analysis. Rats were then killed by decapi-

tation; Livers were perfused with phosphate buffer

solution (PBS) [PH = 7.4] containing 0.16 mg/mL

heparin. Then livers were isolated and dissected

into 3 parts. The first part was cut into longitudi-

nal sections 2-4mm, in thickness and kept in 10%

formalin in saline for histopathological examina-

tion. The second part was immersed immediately in

liquid nitrogen and kept at -80 oC for determina-

tion of glutathione and malondialdehyde contents.

The third part was fixed in glutarlaldhyde for elec-

tron microscopical examination.

Biochemical analysis

� Liver function tests. Serum ALT and AST acti-

vities were determined by a colorimetric method

according to Reitman and Frankel.20 Serum

alkaline phosphatase activity was determined by

enzymatic colorimetric method according to

Young, et al.21

� Liver GSH and membrane oxidation. The re-

duced form of glutathione was determined in the

liver homogenate by colorimetric method accor-

ding to Beutler, et al.22 Malondialdhyde (MDA)

content as indicator of lipid peroxidation was de-

termined in the liver homogenate, by a colorime-

tric method according to Satoh, et al.23

� Liver cell death. Serum lactate dehydrogenase

activity as indicator of cell death was determi-

ned using a kinetic method according to Vass-

ault, et al.24

� TNF-ααααα measurement. Serum TNF-α was deter-

mined using an enzyme-linked immunosorbent

assay according to.25

� Collagen content. Quantitive determination of

collagen fibers in liver was performed according

to the method of Crookham and Dapson.26

� NO level: Serum nitric oxide levels were measu-

red by a colorimetric method as descibed by

Montgomery and Dymock.27

Histopathological analysis

For light microscopic investigations, specimens

from liver were fixed in 10% phosphate buffer forma-

lin, dehydrated in alcohols and embedded in para-

ffin. Five micron tissue sections were stained with

hematoxylin and eosin stain (H&E) for general

histopathological examination. Another part of liver

was fixed in glutarlaldhyde and processed for elec-

tron microscopical examination.

Statistical analysis

Results were expressed as mean ± SE. Statistical

evaluation was done using one- way analysis of va-

riance (ANOVA), and Tukey’s multiple comparison

test using SPSS software version 12, SPSS Science,
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Chicago, Illinois, USA. Values of p < 0.05 were con-

sidered significant.

RESULTS

Number of deaths of animals

We started the study with 18 rat/CCL4 group and

10 rats/normal control, other groups treated with

drugs was 15 rats /each group. In CCL4 group, 8

rats died. In the treatment groups 2 rats died and

the extreme values are omitted giving 10 rats used

for statistical analysis.

Liver function and cell death

Table 1 shows that CCl
4
 significantly increased

serum activities of ALT, AST, ALP and LDH as

compared to control (p < 0. 05).

Aminoguanidine and silymarin each alone caused

significant (p < 0.05) decrease in the elevated activi-

ties of ALT, AST, ALP and LDH when compared to

CCl
4
-treated rats. Their combination also showed

significant (p < 0.05) decreases in the serum activi-

ties of ALT, AST, ALP and LDH when compared to

CCl
4
-treated group (Table 2).

� Oxidative stress markers: Table 1 also shows

that CCL
4
 caused almost (71.47%, p < 0.05) de-

pletion of liver GSH content as compared to con-

trol rats. While GSH content was significantly

increased in silymarin pretreated rats (p < 0.05),

AG (p < 0.05) and combination group was more

potent than each drug alone (p < 0.05).

Liver MDA content was increased significant-

ly in CCL
4
 treated rats (p < 0.05) compared to

control. Reduction of MDA content in liver

was observed in silymarin pretreated rats

(p < 0.05), AG (p < 0.05) and the combina-

tion (p < 0.05) compraed to CCL
4
 treated

group (Table 2).

� Serum nitric oxide: CCL
4
 increased NO pro-

duction (p < 0.05) compared to control group.

Both silymarin, AG and their combination inhi-

bited CCL
4
-induced NO production (Tables 1

and 2).

Table 2. Effects of Aminoguanidine, Silymarin and their combination on serum activity of AST, ALT, ALP, LDH, levels of NO & TNFα
and hepatic MDA, GSH and collagen fiber % in CCL4 treated rats.

Parameter CCl4 CCl4+ AG CCl4+ Silymarin CCl4+AG+Silymarin

ALT(U/L) 80.76 ± 2.56 43.92# ± 0.92 46.04# ± 0.83 44.75# ± 1.87
AST(U/L) 170.24 ± 5.18 104.32# ± 5.38 94.28# ± 2.67 113.35a# ± 4.93
ALP (U/L) 172.98 ± 8.6 76.97# ± 4.61 85.58# ± 7.1 117.29ab# ± 4.82
LDH (U/L) 250.41 ± 11.32 137.76# ± 8.91 150.55# ± 10.72 205.18ab# ± 9.27

NO (μmol/L) 70.5 ± 4.06 46.87# ± 2.23 53.18# ± 2.83 31.5ab# ± 0.51
Collagen fiber (%) 700.99 ± 44.64 486.05# ± 15.8 596.62# ± 57.2 289.42ab# ± 16.43

TNFα (pg/ml) 187.8 ± 3.93 117# ± 3.83 106.02# ± 6.03 69.23ab# ± 6.46
Liver MDA (nmol/g.tisssue) 60.55 ± 2.46 34.34# ± 1.58 27.25b# ± 1.48 24.77b# ± 1.02
Liver GSH (nmol/g.tisssue) 21.6 ± 1.35 37.58# ± 2.34 37.08# ± 3.04 42.96# ± 2.62

Results are expressed as mean ± SD (#) significant difference compared to CCL4 treated group and (a, b) significant difference from Silymarin and Aminogua-
nidine respectively at p < 0.05. n = 10.

Table 1. Effects of CCL4 injection on serum activity of AST, ALT, ALP, LDH, levels of NO & TNFα and hepatic MDA, GSH and colla-
gen fiber % in normal rats.

Parameter Control CCI4

ALT(U/L) 23.9 ± 0.26 80.76* ± 2.56
AST(U/L) 30.29 ± 0.8 170.24* ± 5.18
ALP (U/L) 25.57 ± 0.96 172.98* ± 8.6
LDH (U/L) 103.98 ± 8.76 250.41* ± 11.32

NO (μmol/L) 19.26 ± 1.02 70.5* ± 4.06
Collagen fiber (%) 79.75 ± 3.9 700.99* ± 44.64

TNFα (pg/mL) 28.51 ± 1.51 187.8* ± 3.93
Liver MDA (nmol/g.tisssue) 17.25 ± 0.86 60*.55 ± 2.46
Liver GSH (nmol/g.tisssue) 75.72 ± 2.88 21.6* ± 1.35

Results are expressed as mean ± SD and (*) significant difference compared to control group at p < 0.05. n = 10.
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The inhibitory effect of silymarin (p<0.05) was

less than that of AG (p < 0.05). While, the com-

bination of both drugs (p < 0.05) was more po-

tent than each drug alone.

Serum TNFααααα

CCL
4
 caused a significant increase in serum

TNFα (p < 0.05) compared to control group (Table

1). This increase was inhibited by prophylactic ad-

ministration of silymarin (p < 0.05), AG (p < 0.05)

and their combination (p < 0.05) which was more

potent than each drug alone (Table 2).

Liver collagen fiber percent

Liver collagen fiber content was increased signifi-

cantly in CCL
4
 treated rats (p < 0.05) compared to

control rats (Table 1). Pretreatment of CCl
4
 treated

rats with AG or silymarin caused a significant re-

duction of collagen fiber % (p < 0.05). The adminis-

tration of AG together with silymarin resulted in

greater decrease in collagen fiber % (p < 0.05) com-

pared to silymarin alone (Table 2).

Liver

histopathological examination

Liver sections from the control group rats

showed normal hepatocytes, sinusoids and no fibro-

sis. While liver sections from CCL4 injected rats

showed hepatocellular necrosis, massive fatty and

inflammatory cellular infilteration in between dege-

nerated hepatocytes.

Examination of hepatocytes of CCL
4
 injected rats

under electron microscope showed dark heterochroma-

tic nuclei; cytoplasm contained fragmented rER, dis-

persed glycogen granules and many electron lucent

areas of the cytoplasm. Blood sinusoids were conges-

ted and filled with RBC
s
 (Figures 1A, 2A, 1B and 2B).

Aminoguanidine treated rats revealed marked re-

duction in the hepatic lesions. Most of the hepato-

cytes were more or less similar to those of control

group except mild dilatation of the sinusoids and

few hepatocytes were vacuolated at the periphery of

the lobules (Figures 1C and 2C).

Silymarin treated rats showed liver lobule formed

of congested central vein surrounded by normal he-

patic cells at the center and some hepatic cells with

vacculated cytoplasm at the periphery of the lobule.

Figure 1. Haematoxylin and eosin stai-

ned sections from: (A) normal rat liver

showing normal hepatocytes with euchro-

matic nuclei (N), their cytoplasm contain

numerous mitochondria(m), many rough

endoplasmic reticulium (rER) and numerous

glycogen granules; (B) rat liver treated

with CCl4 showing liver lobule with hepa-

tocellular necrosis and massive fatty infil-

teration (f). Inflammatory cellular

infilteration (arrow) is also seen inbet-

ween degenerated hepatocytes; (C) rat li-

ver treated with CCl4 and aminoguanidie showing liver lobule formed of central vein (v) and surrounded with normal liver cells

cords (arrow). Each liver cell contains pale central rounded nuclei and acidophilic cytoplasm (arrow head); (D) rat liver treated

with CCl4 and silymarin showing liver lobule formed of dilated congested central vein (v) surrounded by normal hepatic cells at

the center. Some hepatic cells with vacuolated cytoplasm (arrow) and pyknotic nuclei (arrow head) were observed at the peri-

phery of the lobule. Some blood sinusoids (BS) were dilated; (E) rat liver treated with CCl4 aminoguanidine and silymarin

showing normal liver cell cords (arrow head). They contain central rounded nuclei.

BA C

D E
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Figure 2. Electron microscopic examination of sections from: (A) normal

rat liver showing normal hepatic lobule formed of central vein (v) and liver

cells cords around it (arrow); (B) rat liver treated with CCl4 showing hepa-

tocytes with heterochromatic nuclei (N). Their cytoplasms contain few elec-

tron dense mitochondria, fragmented rER, dispersed glycogen granules and

electron lucent areas of the cytoplasm (arrow). Notice that the blood sin-

usoid (BS) is congested and filled with RBCS; (C) rat liver treated with CCl4

and aminoguanidie showing normal hepatocytes formed of euchromatic nu-

clei (N), their cytoplasm contain numerous mitochondria (m), well develo-

ped cisternne of rER and some electron lucent areas of cytoplasm (arrow).

Also, blood sinusoids are dilated and congested (BS); (D) rat liver treated

with CCl4 and silymarin  showing hepatocytes with euchromatic nuclei (N),

their cytoplasm contain some electron dense mitochondria (m), few  cister-

nae of rER and many electron lucent areas (arrow) of the cytoplasm. Also,

blood sinusoids (BS) are congested and dilated; (E) rat liver treated with

CCl4, aminoguanidine and silymarin  showing normal hepatocytes with

euchromatic nuclei (N), their cytoplasm contain numerous mitochondria

(m), many cisternne of rER. Also, blood sinusoids (BS) are dilated and con-

gested.

A B

C D

E
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Hepatocytes had euchromatic nuclei, their cyto-

plasm contain some mitochondria, few cisternne of

rER and electron lucent areas of cytoplasm (Figures

1D and 2D).

Silymarin and AG combination treated rats

showed most of liver cells preserved normal structu-

re. However, some liver cells appear vacuolated.

Normal hepatocytes with euchromatic nuclei, their

cytoplasm contain numerous mitochondria, many

cisternne of rER and few cisternne of sER were

shown (Figures 1E and 2E).

DISCUSSION

Fibrosis is both a sign of liver damage and a po-

tential contributor to liver failure via progressive

cirrhosis of the liver.28

In this study, CCL
4

caused a significant elevation

of serum AST, ALT, ALP and LDH activities. The

altered activities of these enzymes in CCl
4
 treated

rats corresponded to the extensive liver damage. The

increased activities of ALT, LDH and AST may be

attributed to the damaged structural integrity of the

liver, because these are cytoplasmic in location and

are released into circulation after cellular damage.32

This damage was further confirmed by light micros-

copical examination which showed enlargement of

the liver, hepatocellular necrosis and massive fatty

infilteration. In addition, the electron microscopic

examination showed that hepatocytes with dark he-

terochromatic (inactive) nuclei; their cytoplasm

showed fragmention of rER, dispersed glycogen

granules and appearance of many electron lucent

areas of the cytoplasm. These alterations may be

due to toxic influence of CCl
4
 metabolites which in-

jured multiple protein systems including those pre-

sent in rER and mitochondria. Moreover, reactive

oxygen species caused oxidation of cellular proteins

and extensive mitochondrial DNA damage thus im-

paired mitochondrial synthesis by the liver cells.33

Blood sinusoids were congested and filled with

RBC
s
.The observed electron-lucent areas of the cyto-

plasm may be lipid droplets.

Previous studies demonstrated visible accumula-

tion of lipid and increased percentage of sER which

were accompanied by elevated serum ALT and gluta-

thione peroxidase. Glutathione peroxidase is respon-

sible for reduction of lipid hydroperoxides to their

corresponding alcohols and to reduce hydrogen pe-

roxide to water in the cells.34-36

Hepatotoxicity of CCL4 is thought to involve two

phases.37 In the first phase, CCl
4
 is metabolized by

cytochrome P450 in hepatocytes, giving rise to highly

reactive trichloromethyl radicals in the endoplasmic

reticulium of kupffer cells and hepatocytes. This ra-

dical forms trichloromethyl peroxyl radical in the

presence of oxygen. These free radicals are unstable

and immediately react with the membrane compo-

nents initiating a chain reaction that leads to lipid

peroxidation (LPO).32

Results of the current study demonstrated that in

CCL
4
 treated rats there was a significant elevation

in MDA content of the liver tissue. This enhanced li-

pid peroxidation leads to tissue damage and failure

of antioxidant defense mechanisms.38 A significant

reduction in liver GSH in CCL
4
 treated rats was

also observed in the present study. It may be due to

enhanced substrate utilization by glutathione pe-

roxidase, as there is a direct correlation between

GSH depletion and enhanced lipid peroxidation.39

The second phase of CCl4 hepatotoxicity involved

the inflammatory responses which play an impor-

tant role. Some hepatic cells including Kupffer cells,

hepatic stellate cells (HSCs) and sinusoidal endothe-

lial cells are activated to secrete cytokines which

mediate liver fibrogenesis.40

Tumor-necrosis factor TNF-α and interleukin

(IL)-6 are considered the major hepatotoxicity me-

diators in liver injury.41 When an inflammatory

reaction occurs, TNF-α is expressed by both infiltra-

ting inflammatory cells such as macrophages in

blood and hepatocytes in case of liver injury.

The present study showed that serum TNF-α
level in CCL

4
 treated rats was significantly elevated.

TNF-α caused overproduction of nitric oxide in

liver.42 Nitric oxide is known to react with supe-

roxide radical, forming peroxynitrite, an even more

potent oxidizing agent.5 Peroxynitrite can react di-

rectly with sulfahydryl residues in cell membrane as

well as with DNA leading to lipid peroxidation and

cytotoxicity.6,7

This study illustrated that there is an elevation in

serum nitric oxide level in CCL
4
treated rats. This may

be due to depletion of glutathione that may weaken ce-

llular antioxidant defense to such a point that NO pro-

duced by iNOS may cause tissue injury.43

The present study demonstrated that there is a

significant increase in collagen fiber percent of li-

ver tissue after IP injection of CCL4. It has been

shown that hepatic fibrosis largely resulted from

the disorder in the homeostasis of synthesis, depo-

sition, degeneration and absorption of collagens. In

hepatic fibrosis, myofibroblasts characteristically

assume the ability to remodel extracellular matrix

(ECM) via their production of ECM proteins in li-

ver.44 In liver cirrhosis, the proliferation of myofi-
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broblasts is associated with inappropriate remode-

ling of ECM that generates scar tissue which leads

to structural and functional disorders in normal

tissue.45

Results of the current study demonstrated that

aminoguanidine; a nucleophilic hydrazine compound

structurally similar to L-arginine and acts as speci-

fic iNOS inhibitor10 caused a significant reduction

in liver enzymes and LDH activities in CCL
4
 treated

rats. Moreover, histopathological examination re-

vealed marked reduction in the hepatic lesions.

This study demonstrated that aminoguanidine

caused a significant reduction in serum NO level. It

was found that plasma concentration of nitrates/ni-

trites, measured as an index of NO production, were

significantly increased in the Fibrotic animals in the

basal period and decreased with AG to normal con-

trol levels. INOS enzyme is expressed in hepatocytes

and inflammatory cells during the development of

cirrhosis. Therefore, inhibition of iNOS expression

may have an important role in both cirrhosis and

endotoxaemia.8

In the present study, there was a significant re-

duction in liver MDA content and a significant ele-

vbation in liver GSH content in rats pretreated with

aminoguanidine. This suggested an alternative me-

chanism of AG protection via decreasing the metabo-

lic activation of CC14 by direct inhibition of

P4502E1, the isoenzyme most effective in the activa-

tion of CC14.12 Thus decreasing the free radicals re-

lease that causes lipid peroxidation.46

It should also be noted that aminoguanidine not

only act as inhibitor of nitric oxide synthase but

also a peroxynitrite scavenger.47 These observatio-

ns also indicate that the protective effect of AG

against the enzyme leakage seems to be through the

liver cell membrane permeability restoration and is

independent of any effects on liver GSH contents.48

Results of the present study demonstrated that si-

lymarin caused a significant reduction in AST, ALT,

ALP and LDH activities in CCL
4
 treated rats.

In addition, histopathological examination of

the liver of CCL
4
 treated rats pretreated with sily-

marin showed an improvement in hepatic cell ul-

trastructure.

The cytoprotective effects of silymarin are mainly

attributable to its antioxidant and free radical sca-

venging properties. Silymarin can enter inside the

nucleus and act on RNA polymerase enzymes resul-

ting in increased ribosomal formation. This in turn

hastens protein and DNA synthesis.49,50 This action

has important therapeutic implications in the repair

of damaged hepatocytes and restoration of normal

functions of liver. Silymarin can also interact direct-

ly with cell membrane components to prevent any

abnormalities in the content of lipid fraction respon-

sible for maintaining normal fluidity.51

The present study showed that silymarin caused

a significant decrease in liver MDA content and a

significant increase in liver GSH content in Fibrotic

rats. This may be attributed to direct free radical

scavenging properties of silymarin.

Furthermore, silymarin caused a significant re-

duction in serum nitrite level in Fibrotic rats. It

was found that silymarin inhibited the production of

O
2
- and NO in a dose-dependent manner.52

This study demonstrated that silymarin caused a

significant reduction in serum TNFα level. This

anti-inflammatory effect of silymarin on hepatic tis-

sue is based on multiple activities including mast

cell stabilization, inhibition of neutrophil migration,

inhibition of kupffer cell activation and inhibition of

the production of leukotrienes, cytokines and pros-

taglandin.53,54 In addittion, it inhibits hepatic stella-

te cell proliferation and transformation.55

In the present study, there was a significant de-

crease in the content of collagen fibers only by 15%

in liver tissue of Fibrotic rats treated with

silymarin.This protection can be attributed to an-

tioxidant and membrane-stabilizing actions.52

The results obtained in the present investigation

demonstrated for the first time to our knowledge

that silymarin and AG combination caused a signifi-

cant reduction in collagen fiber content in liver by

58% in Fibrotic rats, these reduction is better than

the administration of each drug alone. As this com-

bination may suppress the activation of HSC
S
 due

to the potent antifibrotic effect of both AG and sily-

marin when used together.

This is may be mediated by the reduction of liver

MDA content, serum nitric oxide level and the in-

crease in GSH content which were also better than

silymarin alone. The antioxidant effects of both drugs

can inhibit HSC activation, protect hepatocytes from

undergoing apoptosis and attenuate liver fibrosis.56

In addition, the combination caused a significant

reduction in serum TNFa level, which is better than

each drug alone. As both AG and silymarin has anti-

inflammatory properties that potentiate the effect of

each other.

In the present investigation, silymarin and AG

combination caused a significant reduction in serum

AST and LDH activities, which were lesser than

each drug alone. Moreover, the combination of the
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two drugs produced a significant reduction in serum

ALT activity, which is similar to the effect of sily-

marin. These biochemical findings are confirmed by

histopathological examination.

In summary, the current data showed that ami-

noguanidine has protective effect against CCL4 in-

duced hepatoxicity via its iNOS inhibition and

antioxidant effect. In addition, the combination of

AG with silymarin has more potent hepatopro-

tective effect than each drug alone suggesting bene-

ficial effect against liver fibrosis.
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