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Abstract: The effect of the antiviral agent ribavirin given alone or in combination with silymarin on the development of 
liver injury induced in rats with carbon tetrachloride (CCl4; 2.8 ml/kg followed by 1.4 ml/kg after one week) was studied. 
Ribavirin at three dose levels (30, 60 or 90 mg/kg), silymarin (25 mg/kg) or combination of ribavirin (60 mg/kg) and 
silymarin (25 mg/kg) was administered once daily orally for 14 days, starting at time of administration of CCl4. The admin-
istration of ribavirin decreased the elevations in serum alanine aminotransferase (ALT) by 78.5, 82.1, 75.1%, aspartate 
aminotransferase (AST) 47.5, 37.4, 38.8%, and alkaline phosphatase (ALP) by 23.4, 16, 21.6%, respectively and also pre-
vented the development of hepatic necrosis caused by CCl4. In comparison, the elevated serum ALT, AST and ALP levels 
decreased to 43.3%, 46%, and 37.5% of controls, respectively by silymarin. When silymarin was combined with ribavirin, 
the serum activities of AST and ALP were further decreased, indicating a benefi cial additive effect. Morphometric analysis 
indicated signifi cant reduction in the area of necrosis and fi brosis on ribavirin treatment and this was further reduced after 
the addition of silymarin. Metabolic pertuberations caused by CCl4 as refl ected in a decrease in intracellular protein content 
in hepatocytes were improved by ribavirin monotherapy and to higher extent by combined silymarin and ribavirin therapy. 
Proliferating cell nuclear antigen was reduced in nuclei of hepatocytes by ribavirin montherapy or the combination of ribavirin 
and silymarin compared with CCl4-control group. The study demonstrates that ribavirin treatment in the model of CCl4-
induced liver injury results in less liver damage. Results also indicate that the combined application of ribavirin and sily-
marin is likely to be a useful additive in reducing liver injury.
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Introduction
Ribavirin (1-β-d -ribofuranosyl-1,2,4, triazole-3 carboxamide) is an orally active synthetic guanosine 
analogue with antiviral and immunomodulatory actions. Ribavirin is a broad-spectrum antiviral drug, 
preventing the replication of a large number of RNA and DNA viruses by inhibiting the enzyme inosine 
monophosphate dehydrogenase, which is required for the synthesis of guanosine triphosphate. The fi nal 
step in this chain of events is lethal mutagenesis of the RNA genome (Cameron and Castro, 2001). 
When used alone in the treatment of chronic hepatitis C virus infection, the drug normalizes serum 
aminotransferases, an effect that is not sustained and relapse was reported after discontinuing treatment. 
In patients with chronic hepatitis C, ribavirin is used more often in regimens employing interferon-alpha 
(INF-α) (Wartelle-Bladou et al. 2006).

The addition of ribavirin to interferon alpha is superior to interferon alpha in terms of virologic, 
biochemical, and histologic end points, resulting in improved end-of-treatment and sustained response 
rates, with an overall 41% sustained virological response rate in patients treated for 48 weeks (Pianko 
and McHutchison, 2000; Mukherjee and Lyden, 2006). This combined therapy has also resulted in an 
increased toxicity profi le, which made therapy more diffi cult for both the patient and managing physi-
cian and prompted its discontinuation or a dosage reduction in a signifi cant proportion of patients 
(Pianko and McHutchison, 2000; Chutaputti, 2000; Bonaccorsoa et al. 2000; Collier and Chapman, 
2001; Fried et al. 2002; Burra et al. 2006). In addition, response is not obtained in up to 50% of cases 
and even in those where a response occurs, there is a 30% chance of relapse (Pianko and McHutchison, 
2000; Hoofnagle et al. 2003). 

In most studies, ribavirin monotherapy, improved liver enzyme levels, but without signifi cant effects 
on HCV viraemia (Gane et al. 1995, 1996; Di_Bisceglie et al. 1995; Dusheiko et al. 1996; Cattral 
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et al. 1999; Kamar, 2003; Hoofnagle et al. 2003). 
Nevertheless, histological improvement with 
reduction in hepatic necro-infl ammation has been 
reported (Gane et al. 1995, 1998; Di Bisceglie et al. 
1995; Hoofnagle et al. 2003) and ribavirin has been 
shown to possess anti-infl ammatory properties and 
to decrease the synthesis of proinfl ammatory cyto-
kines (e.g. IFN-gamma) (Meier et al. 2003; Barnes 
et al. 2004). 

In the present study, it was aimed to examine 
whether ribavirin alone could exert protective 
effects in the CCl4 model of liver toxicity and if 
there is any benefi t from combining ribavirin and 
silymarin. The latter, a standardized plant extract, 
derived from the milk thistle plant is widely used 
as a hepatoprotective agent, because of its anti-
oxidant and membrane stabilizing properties (Flora 
et al. 1998; Muriel and Mourelle, 1990; Farghali 
et al. 2000; Wellington et al. 2001). The effect of 
ribavirin was evaluated on biochemical markers, 
histologically as well as by histochemical tech-
niques. The area of damage or necrosis was calcu-
lated by image analysis system and immune 
staining by avidin biotin-peroxidae method for 
detection of proliferating cell nuclear antigen 
(PCNA), an endogenous cell replication marker 
(Shiina et al. 1996) was used. 

Materials and Methods 

Animals
Sprague-Dawley rats of both sex, weighing 
150–160 g were used throughout the experiments 
and fed with standard laboratory chow and water 
ad libitum. 

Drugs and chemicals 
Carbon tertrachloride (BDH Chemicals, England), 
ribavirin (Virazole, October Pharma, Cairo) and 
silymarin (Sedico Pharmaceutical Co. Cairo) were 
used in the experiments. 

The carbon tetrachloride induced 
hepatic damage
Hepatic injury was induced by treating rats by 
gavage with CCl4-olive oil (1:1, 2.8 ml/kg followed 
by 1.4 ml/kg after one week) . Starting on the time 
of the fi rst dose of CCl4 administration, rats also 
orally received either saline, silymarin (25 mg/kg), 

ribavirin (at three dose levels of 30, 60 and 90 
mg/kg) alone or combined with silymarin 25 mg/kg. 
Control rats were treated with olive oil (2.8 ml/kg 
followed by 1.4 ml/kg after one week). The animals 
were killed on day 15 after the fi rst dose of CCl4 or 
olive oil administration. Rats had free access to food 
and drinking water during the study.

Biochemical assessment
At the end of the experiments, blood samples were 
obtained from the retro-orbital vein plexuses, 
under ether anaesthesia. ALT and AST activities 
in serum were measured according to Reitman-
Frankel colorimetric transaminase procedure 
(Crowley, 1967), whereas colorimetric determina-
tion of ALP activity was done according to the 
method of Belfi eld and Goldberg (1971), using 
commercially available kits (BioMérieux, 
France).Total protein in serum was measured 
spectrophotometrically (Bradford, 1976). Glucose 
concentrations in serum were measured enzy-
matically (Bauer, 1982).

Histopathological and histochemical 
studies
After the end of the treatment period, rats were 
killed, livers were excised and fixed in 10% 
formalin saline, Bouin’s and Carnoy’s fluids. 
Sections were prepared and stained with hema-
toxylin and eosin (H & E) for the histological 
investigations. Bromophenol blue stain for intra-
cellular proteins and avidin biotin-peroxidae 
method for detection of proliferating cell nuclear 
antigen (PCNA), an endogenous cell replication 
marker were used. Further histopathgological 
evaluation was done with morphometry. The 
percentage of liver tissue affected by necrosis and 
fi brosis (damaged area) was determined using a 
computer-assisted automated image analyzer. 
Qwin Leica image processing and analysis system 
(Cambridge, England) was used for interactive 
automatic measurement of the percentage of 
damaged areas on slides stained by H & E by 
analyzing 15 random fi elds per slide.

Statistical analysis
All results are expressed as means ± SE. Multiple 
group comparisons were performed by ANOVA 
followed by Duncan test. p < 0.05 was considered 
statistically signifi cant.
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Results

Biochemical changes
Results are presented in table 1. Serum alanine 
aminotransferase (ALT), aspartate aminotrans-
ferase (AST), and alkaline phosphatase (ALP) 
levels were signifi cantly higher in CCl4-treated rats 
compared with the vehicle-treated control group. 
Ribavirin administered to CCl4-treated rats at 30, 
60 or 90 mg/kg resulted in a signifi cant reduction 
in the levels of the serum enzymes. This effect of 
ribavirin was not dose-dependent. Thus, compared 
with CCl4 control group, serum ALT levels was 
reduced by the above doses of ribavirin by 78.5, 
82.1 and 75.1%, respectively. When ribavirin and 
silymarin were given in combination, no further 
decrease in ALT values was noted (82.7, 80.2 and 
82.1% vs CCl4 control group, respectively). Also 
a signifi cant reduction in AST values by 47.5, 37.4 
and 38.8% was noted after 30, 60 or 90 mg/kg of 
ribavirin, respectively. Ribavirin at these doses 
combined with silymarin caused 67.5, 66.2 and 
68.6% decrease in serum AST levels, respectively. 
Serum ALP levels were reduced after ribavirin 
treatment by 23.4, 16 and 21.6%, respectively. 
However, 40 and 59.4% decrease in serum ALP 
was observed when ribavirin at 60 or 90 mg/kg 
was combined with silymarin. In comparison, 
silymarin given alone at 25 mg/kg to CCl4-treated 
rats decreased the elevated serum ALT, AST and 
ALP levels to 43.3%, 46%, and 37.5% of controls, 
respectively. Serum proteins increased by 19.2% 
after ribavirin monotherapy at 90 mg/kg, while the 

combined treatment with ribavirin (30, 60 or 90 
mg/kg) plus silymarin resulted in 22.9, 20.5 and 
35% increase in serum proteins compared with the 
CCl4 control group. Serum glucose level was 
reduced by 46.9% in CCl4-treated compared to 
vehicle-treated control. Signifi cant increases in 
serum glucose by 56.9, 45.7, and 51.1% were 
observed after ribavirin monotherapy at 30, 60 or 
90 mg/kg compared with the CCl4 control group. 
When ribavirin (30, 60 or 90 mg/kg) was combined 
with silymarin, 49.2, 93.5 and 120.2% increase in 
serum glucose was observed as compared to the 
CCl4 control group. 

Histopathological changes
Examination of H & E stained sections of control 
liver showed the characteristic hepatic architecture 
(Fig. 1A). In rats treated with CCl4, patchy areas 
of necrosis, damaged bile ducts and focal infl am-
matory cell infi ltrate were observed (Fig. 1B). The 
hepatocytes from rats treated with silymarin 
(Fig. 2A), the high dose of ribavirin (Fig. 2C) or 
ribavirin (60 mg/kg) plus silymarin (Fig. 2B) 
showed more or less normal appearance.

Quantitative analysis of the area of 
damage
Signifi cant increase in the percentage of damaged 
areas was observed in CCl4-treated rats when 
compared to normal animals; 21.6 ± 1.4% vs 
0.2 ± 0.1%. Morphometric analysis of liver 
sections showed that ribavirin administration to 

A
B

Figure 1. (A) A photomicrograph from a section of control rat liver showing normal hepatic architecture: central vein with radiating cords of 
liver cells, the hepatocytes had vesicular nuclei and granular cytopolasm and blood sinusoids were evident between the cords of hepatocytes 
(H× & Ε× 300). (B) A photomicrograph from a section of rat liver treated with CCl4 showing loss of normal architecture, patchy areas of 
necrosis, damaged bile ducts, vascular odema, infl ammatory cellular infi ltrate (H× & E × 150). 
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CCl4-treated rats resulted in a signifi cant and 
dose-dependent decrease in damaged areas;
9.6 ± 0.8, 6.2 ± 0.5, 4.3 ± 0.5% vs control value of 
21.6 ± 1.4% and vs 9.0 ± 1.1% for silymarin at 25 
mg/kg. When ribavirin and silymarin were given 
in combination, further reduction in the damaged 
area by 16.1% (p < 0.05) was noted in rats given 
60 mg/kg ribavirin plus silymarin (5.2 ± 0.4 vs 
6.2 ± 0.5) (Table 1).

A

B

A

B

C

Figure 2. (A) A photomicrograph from a section of rat liver treated 
CCl4 and silymarin showing normal hepatic architecture, while the 
sinusoids were dilated (H× & E × 500). (B) A photomicrograph from 
a section of control rat liver treated with CCl4 and a combination of 
ribavirin (60 mg/kg) and silymarin, showing that hepatocytes have 
almost regained their normal pattern (H× & E × 150). (C) A photomi-
crograph from a section of rat liver treated with CCl4 and ribavirin at 
90 mg/kg, showing more or less normal hepatocytes and blood
sinusoids (H× & E × 150).
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Histochemical observations
As regards bromophenol blue reactivity, the hepa-
tocytes of control rats showed +ve reaction and 
moderate protein content (Fig. 3A). In CCl4-treated 
rats, the hepatocytes in pericentral and periportal 
regions showed faint reaction, resulting from a 
decrease in protein contents (Fig. 3B ). After sily-
marin and ribavirin (60 mg/kg) treatment, marked 
increase in protein content was observed compared 
to the CCl4 control group (Fig. 3C). Treatment with 
ribavirin at 90 mg/kg, resulted in moderate 
improvement in protein content in liver cells 
(Fig. 3D).

Immunohistochemistry for PCNA
Proliferating cell nuclear antigen (PCNA) known 
as cyclin, is a non-histone nuclear protein whose 
level of synthesis correlates directly with rates of 
cellular proliferation and DNA synthesis (Shiina 
et al. 1996). Cells were considered PCNA positive 
if there was brown nuclear staining of the cells and 
negative nuclei not stained and appear blue. In the 

control group there were few nuclei that showed 
positive reaction (brown nuclei) (Fig. 4A). Increase 
in the number of PCNA staining of hepatocyte 
nuclei was evident in CCl4-treated rats (Fig. 4B). 
In rat liver given CCl4 and a combination of riba-
virin (60 mg/kg) and silymarin there was a marked 
reduction in the number of PCNA positive nuclei 
especially in peripheral zones compared with 
sections from rats treated with CCl4-olive oil 
(Fig. 4C). The hepatocyte nuclei of rats treated with 
CCl4 + ribavirin showed a reduction in PCNA +ve 
reaction compared to CCl4 control group (Fig. 4D).

Discussion
The present study provides evidence that in the 
CCl4 model of hepatic toxicity, ribavirin, an anti-
viral drug, exerts hepatic protective effects. 
Leakage of hepatocellular enzymes ALT and AST 
into plasma was signifi cantly reduced and the 
histological degree of hepatocyte necrosis was 
attenuated. Improved liver function tests are likely 
a consequence of the lower degree of organ damage 

A

C D

B

Figure 3. (A) A photomicrograph from a section of control rat liver showing normal protein distribution in hepatocytes cytoplasm (Bromo-
phenol blue reaction × 300). (B) A photomicrograph from a section of rat liver given CCl4 showing marked reduction in protein content
especially in damaged areas (Bromophenol blue reaction × 300). (C) A photomicrograph from a section of rat liver given CCl4 and a combi-
nation of ribavirin (60 mg/kg) and silymarin. Marked improvement of protein content in cytoplasm of hepatic cells is seen. (Bromophenol 
blue reaction × 300). (D) A photomicrograph from a section of rat liver given CCl4 with ribavirin at 90 mg/kg, showing moderate improvement 
in protein content in liver cells (Bromophenol blue reaction × 300).
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and fi brosis. The hepatocytes from rats treated with 
the high dose of ribavirin showed more or less 
normal appearance. Morphometric analysis of liver 
sections showed that ribavirin administration to 
CCl4-treated rats resulted in a signifi cant and dose-
dependent decrease in damaged areas. Metabolic 
pertuberations caused by the hepatotoxin CCl4 as 
refl ected in a decrease in intracellular protein 
content in hepatocytes were improved by ribavirin 
monotherapy and also by combined silymarin and 
ribavirin therapy. These results point to a hepatic 
protective effect of ribavirin distinct from its anti-
viral activity.

One of the principal functions of the liver is the 
regulation of carbohydrate metabolism and blood 
glucose homeostasis. In the present study, serum 
glucose was reduced by 50% in CCl4-treated rats 
which was prevented by ribavirin montherapy and 
also by ribavirin plus silymarin. Studies have 
demonstrated a decreased hepatic glycogen content 
after treatment with CCl4, refl ecting decreased 

gluconeogenesis by the liver (Muriel et al. 2001). 
Without sufficient glycogen levels to provide 
glucose to drive glycolysis, cellular ATP levels may 
drop below critical levels when secondary stress 
such as hypoxia is present, precipitating cell death 
(Ulrich et al. 2001). Glucose also has a role in 
protecting cells from oxidative injury (Tian et al. 
1999). Low O2 tensions which are found in the 
centrilobular areas of the liver favor conversion of 
CCl4 to free radical products which cannot be 
detoxifi ed by the glutathione-dependent mecha-
nism (Burk et al. 1984). Abnormalities in glucose 
metabolism are also present in patients with liver 
disease and type 2 diabetes mellitus seems to be 
more common in patients with chronic hepatitis C 
infection (Allison et al. 1994; Caronia et al. 1999). 
Insulin resistance, hepatocyte dysfunction, or an 
HCV-related autoimmune process might be impli-
cated (Alexander, 2000). Insulin resistance in 
chronic hepatitis C is relevant because it promotes 
steatosis and fi brosis. Insulin resistance together 

C D

BA

Figure 4. (A) A photomicrograph from a section of control rat liver showing normal hepatocytes with few PCNA positive nuclei (arrows) 
(PCNA immunostaining × 300). (B) A photomicrograph from a section of rat liver given CCl4 showing prominent increase in the number of 
PCNA positive nuclei (proliferating cells) in regenerated cells in necrotic areas around central veins (PCNA immunoperoxidae × 300). (C) A 
photomicrograph from a section of rat liver given CCl4 and a combination of ribavirin (60 mg/kg)and silymarin showing marked reduction in 
the number of PCNA positive nuclei especially in peripheral zones compared with sections from rats treated with CCl4-olive oil (PCNA 
immunostaining × 300). (D)  A photomicrograph from a section of rat liver given CCl4 and  ribavirin at 90 mg/kg showing few number of PCNA 
positive nuclei in hepatocytes adjacent to the central vein (PCNA immunostaining × 300).
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with fi brosis and genotype has been found to be 
independently associated with impaired response 
rate to peginterferon plus ribavirin (Romero-
Gomez, 2006). Alternatively, diabetic status is one 
of the more important variables determining the 
severity of HCV recurrence after liver transplanta-
tion (Foxton et al. 2006). In decompensated 
cirrhosis, there may be, however, acute post 
absorptive hypoglycaemia, primarily due to a 
reduction in hepatic glycogen capacity (McCullough 
and Tavill, 1991; Krahenbuhl et al. 1991) and there 
is evidence for altered hepatic gluconeogenesis 
(Changani et al. 2001).

The present study also provides evidence of 
additional benefi cial effect of combining silymarin 
with ribavirin. Silymarin (Milk Thistle, Silybum 
marianum) is a commonly used herbal therapy, 
particularly by patients who have liver disease 
including those with chronic hepatitis C infection.
There are clinical data to support its use in chronic 
alcoholic liver disease (Feher et al. 1989; Pares 
et al. 1998) where it resulted in reducing serum 
bilirubin, and transaminases. Others, however, 
failed to demonstrate such benefi t from silymarin 
(Trinchet et al. 1989; Buzzelli et al. 1993). In 
patients with chronic hepatitis C, silymarin has 
been shown not to affect serum HCV RNA, ALT 
levels, quality of life or psychological well-being 
in subjects with this condition (Gordon et al. 2006). 
In animal models of hepatotoxicity, silymarin 
showed marked protective properties. This hepa-
toprotective effect of silymarin is due to membrane-
stabilizing action, free radicals scavenging proper-
ties, inhibition of lipid peroxidation and modula-
tion of hepatocyte Ca++ (Muriel and Mourelle, 1990; 
Flora et al. 1998; Farghali et al. 2000). In rats with 
secondary biliary cirrhosis, silymarin reduced 
hepatic collagen accumulation by 35% (Boigk 
et al. 1997). Silymarin thus might be of benefi t in 
reducing liver injury in patients on ribavirin 
therapy.

Cell proliferation is of interest since abnormal 
cell proliferation is a precursor of tumorigensis. 
Identifi cation of proliferating cells was studied by 
the avidin-biotin-peroxidase technique. Prolifer-
ating cell nuclear antigen (PCNA) known as cyclin, 
is a non-histone nuclear protein whose level of 
synthesis correlates directly with rates of cellular 
proliferation and DNA synthesis (Shiina et al. 
1996). The elevated levels of PCNA expression 
appear in the nucleus during the late G1 phase with 
maximum expression during S-phase and decline 

during G2 and M phase. Therefore, the accumula-
tion of PCNA gene products in cycling cells can 
be an index of the degree of cellular proliferation 
and DNA synthesis (Bravo et al. 1987). Carbon 
tetrachloride administration in rats concomitantly 
induces both processes in acute injury and liver 
regeneration. Hepatocyte growth factor and PCNA 
were induced in the early stage (6 h) and 36 h, 
respectively (Taniguchi et al. 2004). Liver cirrhosis 
induced by CCl4 is associated with alterations in 
cell cycle-related proteins, and that the expression 
of these proteins is responsible for hepatocyte 
regeneration in the damaged liver and may be 
involved in liver carcinogenesis (Jeong et al. 2001). 
In the present study hepatocyte proliferation in 
CCl4-treated rats, as evidenced by the increase in 
the number of PCNA staining of hepatocyte nuclei 
was reduced by ribavirin administration.

Ribavirin monotherapy has been employed in 
hepatitis C virus infection such as in patients with 
hepatitis C recurring after liver transplant (Quadri 
et al. 2002) and renal transplant patients (Kamar et al. 
2003), often with discrepancy in results. In most 
studies, ribavirin monotherapy, improved liver 
enzyme levels, but without signifi cant effects on 
HCV viraemia (Gane et al. 1995, 1998; Di_Bisceglie 
et al. 1995; Dusheiko et al. 1996; Cattral et al. 1999; 
Stanimirovic et al. 2002; Hoofnagle et al. 2003; 
Kamar et al. 2003). Others noted slight, albeit not 
signifi cant, decrease of serum HCV RNA level and 
intrahepatic HCV antigen staining score (Quadri 
et al. 2002). Signifi cant histological improvement 
with reduction in hepatic infl ammation and necrosis 
(Gane et al. 1995, 1996; Di_Bisceglie et al. 1995; 
Stanimirovic et al. 2002; Hoofnagle et al. 2003), no 
change in necroinfl ammation (Cattral et al. 1999; 
Izopet and Rostaing, 2003) or even worsening of 
fi brosis (Quadri et al. 2002; Kamar et al. 2003) has 
been reported. The exact mechanism of action of 
ribavirin is unknown and direct antiviral properties 
are unclear (Lee et al. 1998; Querenghi et al. 2001). 
It was suggested that the benefi cial effects of riba-
virin are mediated by inhibition of induction of 
macrophage proinfl ammatory cytokines and Th2 
cytokines while preserving Th1 cytokines (Ning 
et al. 1998). Ribavirin could decrease the synthesis 
of proinfl ammatory cytokines (e.g. IFN-gamma) by 
an inhibition of total DNA-, RNA-, and protein-
synthesis and by induction of apoptosis in the cells 
of the infl ammatory infi ltrate (Meier et al. 2003). 
Ribavirin at physiological doses markedly suppressed 
the production of TNF-alpha, IL-10, and IL-12 (p70) 
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which may explain the reduction in hepatic infl am-
mation observed during ribavirin monotherapy 
(Barnes et al. 2004). In liver injury induced by CCl4, 
secondary hepatic injury occurs from infl ammatory 
processes originating from products released by 
activated Kupffer cells, which play a central role in 
hepatic infl ammation. Kupffer cells isolated from 
rats with CCl4-induced steatonecrosis produced more 
reactive oxygen intermediates than cells isolated 
from normal rats. These oxidants could activate 
NF-kappa B and lead to an overexpression of TNF-
alpha, observed in liver tissue sections. This cytokine 
expressed in the CCl4-induced infl ammatory process 
is associated with the development of fi brosis and 
may contribute to disease severity (Orfi la et al. 1999, 
2000). In CCl4-induced liver injury IL-6, IL-1beta, 
TNF-alpha and IFN-gamma upregulation was found 
at the maximum 12 hours after administration of the 
toxin (Sheikh et al. 2006). Studies also linked protec-
tion from CCl4-induced hepatic injury with suppres-
sion of TNF-alpha level (Yang et al. 2005, 2006). 
Based on the above data, it is suggested that the 
inhibition of proinfl ammatory cytokines by ribavirin 
might be involved in the protection observed in the 
present study.

In conclusion, protective effects for the antiviral 
agent ribavirin were observed against liver damage 
induced by CCl4 treatment. Additional benefi t from 
combining ribavirin and silymarin was observed. 
These results suggest that ribavirin lessens hepatic 
necro-infl ammation through mechanisms distinct 
from antiviral activity. Furthermore, these effects of 
ribavirin were associated with a reduction in PCNA 
staining of hepatocyte nuclei, a fi nding that could 
have relevance for humans in view of the risk of 
developing hepatocellular carcinoma in patients with 
chronic hepatitis C infection. The results suggest that 
a therapeutic approach using both ribavirin and 
silymarin could be effective in chronic liver disease. 
This regimen is likely to benefi t those patients who 
can not tolerate, failed to respond to, or relapsed after 
combined interferon and ribavirin therapy.
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