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ABSTRACT

Atorvastatin is widely used in the treatment of hepatic disease. The aim of present study is to determine
the necroinflammatory activity of atorvastatin against CCl4 -induced hepatotoxicity in rats. 30 Adult Wistar
male albino rats were collected and these rats divided randomly into 5 groups. Group I was as Control group
and received intraperitoneal injection of saline (1mg.kg-1), Group II received CCl (1 mg/kg, s.c), Group III
received Atorvastatin (5 mg/kg, p.o) +CCl (1 mg/kg, i.p), Group IV received Atorvastatin (10 mg/kg, p.o)
+CCl (1 mg/kg, i.p) and Group V received Atorvastatin (15 mg/kg, p.o) +CCl (1 mg/kg, i.p) for 28
consecutive day. At the 28 day blood samples from all rats of every group were collected and levels of SGPT,
SGOT, ALP and Bilirubin by standard kits were assayed. The liver tissues were taken for histopathological
examination. From histopathological study in group I no abnormal changes were observed and in group II, III
and IV different abnormal changes with different degrees consist of fatty change, lymphocytic infiltration,
necrosis, congestion and hemorrhage were distinguished.in end for Group V no fatty change were observed
and was similar to normal hepatocyte. The animals treated with CCl4 exhibited a significant (P<0.001) rise in
SGOT, SGPT, ALP and bilirubin levels when compared to the control group. The results of this study clearly
demonstrated that the atorvastatin exhibited potent hepatoprotective activity against CCl4 -induced hepatic
damage in rats. This may be due to their antioxidant and free radical scavenging properties. In this study, an
increase in the activities of SGPT, SGOT, ALP and bilirubin in serum evidenced the CCl4 -induced
hepatocellular damage because these are cytoplasmic in location and are released into the circulation after
cellular damage.
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Introduction
 

Statins are inhibitors of the rate-limiting enzyme,
3-hydroxy-3-methylglutaryl-CoA (HMG-CoA)
reductase, in cholesterol biosynthesis. As such, they
have been widely used in clinical practice as
cholesterol lowering agents to reduce morbidity and

mortality from coronary artery disease. There is
evidence from clinical studies and in vitro
experiments that statins have additional anti-
inflammatory properties in atherosclerotic disease,
which are unrelated to their lipid lowering activity.
Clinical studies have previously suggested that statins
might show a beneficial clinical effect in
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inflammatory diseases, such as rheumatoid arthritis
and multiple sclerosis. Furthermore, preliminary data
obtained in models of pulmonary inflammation
suggest that the effects manifest in rheumatoid
patients can be achieved also in asthma [1].

Statins modify inflammatory pathways and lipid
metabolism in vitro and in animal models of human
disease. The liver performs many functions vital to
the health of the organism. The liver transforms and
excretes many drugs and toxins. These substances are
frequently converted to inactive forms by reactions
that occur in the hepatocytes. Historically, plants have
been used in the folk medicine to treat various
diseases. Experimental work on several plants has
been carried out to evaluate their efficacy against
chemically induced liver toxicity. Carbon
tetrachloride (CCl4) was the first toxin for which it
was shown that the injury it produces is largely or
entirely mediated by a free-radical mechanism. Its
main toxic effects are shown on the liver. Toxic
levels administered to animals produce fatty
accumulation in the liver due to a blockage in the
synthesis of the lipoproteins that carry triglycerides
away from this organ. It is believed that CCl4 is
metabolized by the P450 system to give the
trichloromethyl radical, a carbon-centred radical.
Several P450 are involved including CYP2E1, the
'ethanol-inducible' cytochrome P450. Hence, CCl4 -
induced hepatotoxicity serves as an excellent model
to study the molecular, cellular and morphological
changes in the liver[2]. Recent reports suggest that
atorvastatin may have beneficial effects in patients
with nonalcoholic steatohepatitis associated with the
metabolic syndrome, suggesting a potential usefulness
for this drug in the treatment of chronic liver
diseases [3]. In addition, lovastatin and simvastatin
inhibit cell growth of cultured HSC4[4]. The
combinatory use of pitavastatin and candesartan, an
ANG II receptor, type 1 (AT1) blocker, inhibits liver
fibrogenesis in carbon tetrachloride (CCl4)-treated rats
(28). Nevertheless, simvastatin, used without an ANG
II type 1-receptor blocker, does not seem to affect
liver fibrogenesis in vivo [3]. Hepatotoxicity is
thought to involve two phases [5]. First, CCl4 is
metabolized by cytochrome P450 in hepatocytes,
giving rise to highly reactive trichloromethyl radicals.
Second, inflammatory responses caused by CCl4 play
an important role. In the latter process, some hepatic
cells, including Kupffer cells (KCs), hepatic stellate
cells (HSCs) and sinusoidal endothelial cells (SECs)
are activated to secrete cytokines which mediate the
liver fibrogenesis in vivo [6]. The aim of present
study was to investigate the necroinflammatory
activity of atorvastatin against CCl4 -induced

hepatotoxicity in rats.

Materials and methods

Animals:

30 Adult Wistar male albino rats weighing
between 150 and 200 g were used for the study.
They were kept under standard laboratory conditions
and were fed with commercial rat pellets and
drinking water ad libitum. The animals were housed
in polypropylene cages. Ethical committee in
accordance with animal experimentation and care has
approved all animal procedures [2].

Drugs and Chemicals:

Atorvastatin (Pfizer, Madrid, spain)
Carbon tetrachloride - SD Fine Chemicals,

Mumbai
All drugs and chemicals were purchased

commercially and were of analytical grade.

Experimental Design:
Induction of experimental hepatotoxicity:

Hepatotoxicity was induced by injecting CCl4
subcutaneously at a dose of 2 ml/kg body weight for
28 consecutive days [2,5].

Evaluation of hepatoprotecive activity:

Animals were divided randomly into five groups,
consisting of six animals each. The rat dose was
calculated on the basis of the surface area ratio [6].

GroupI Control (Normal saline 10 ml/kg, p.o)
(n=6)
Group II   CCl4 (1 ml/kg, s.c) (n=6)
GroupIII Atorvastatin (5 mg/kg, p.o) +CCl4 (1
ml/kg, i.p) (n=6)
GroupIV Atorvastatin (10 ml/kg, p.o) +CCl4 (1
ml/kg, i.p) (n=6)
Group V Atorvastatin (15 ml/kg, p.o) +CCl4 (1
ml/kg, i.p) (n=6)

All the groups were treated for 28 consecutive
days [2,5]. At the end of this period, animals were
kept overnight fasting and were sacrificed. Blood
samples were withdrawn, serum separated and
estimated for biochemical parameters. Liver tissues
were removed for the determination of
histopathological examinations.
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Measurement of Biochemical Parameters:

Blood samples were collected from retro-orbital
plexus under ether anesthesia and the serum was
used for the assay of marker enzymes namely SGPT,
SGOT, ALP and bilirubin. The enzyme levels were
assayed using standard kits obtained from Ranbaxy
Diagnostics Ltd., New Delhi, India [21].

Histopathological Examination:

A portion of liver tissue from each group was
preserved in a 10% formaldehyde solution for
histopathological studies. Hemotoxylin and eosin
were used for staining and later the microscopic
slides of the liver cells were photographed at a
magnification of ×40.

Statistical Analysis:

Values were represented as mean±SEM. Data
were analysed by one-way analysis of variance
(ANOVA) followed by Dunnett's test using statistical
package for social sciences (SPSS) version 10.
P<0.05 was considered significant [1,19].

Results and discussion

In histopathological studies, no abnormalities
observed in normal control rats. Rats receiving CCL4

for 28 consecutive days developed a high degree of
steatosis with severe cytoplasmic vacuolation and
wide spread hepatocellular necrosis with nuclear
pyknosis and karyolysis. Accumulation of Kupffer's
cells with active phagocytosis was prominent in the
central portions of the hepatic lobules. In portal
areas, there was severe lymphocytic infiltration with
periportal hepatocellular degeneration and necrosis. In
sections of CCL4 + atorvastatin (5 mg/kg) treated
livers there was pronounced fatty changes in the
centers of the hepatic lobules and lymphocellular
infiltrations in the periportal fields. In
histopathological studies of CCL4 + atorvastatin
(10 mg/kg) treated livers, there were variable
amounts of fatty change of hepatocytes and
lymphocytic in central portions of the lobules and, to
a lesser extent mononuclear infiltrations in the portal
areas. Microscopically, there was no significant
hepatocellular damage except small areas of focal
degeneration in the livers of CCL4 + atorvastatin
(15 mg/kg) treated rats. The lobular architecture of
these livers was near to normal. The changes of
every group in following figures have been shown.

Fig. 1: A, Representative section from Liver of normal control rat showing normal heoatic cells with nuclei
and cytoplasm (H&E, ×400). B, Photomicrograph of the liver of carbon tetrachloride treated rats
showing fatty infiltration with wide spread hepatocellular lytic necrosis and hemorrhage (H&E, ×400).
C, Photomicrograph of the liver of carbon tetrachloride treated rats showing lymphatic infiltrations in
portal areas (H&E, ×400). D, Photomicrograph of the liver of carbon tetrachloride + atorvastatin
(5mg/kg) treated rat showiung broad areas of fatty change and necrosis in central portion of the
hepatic lobule and kupffer0s cell accumulation  (H&E, ×400).
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Fig. 2: Microscopic appearance of the liver of tetrachloride + atorvastatin (5 mg/kg) treaed rats showing
congestion and inflamed portal tracts (H&E, ×400). B, Microscopic appearance of the liver of carbon
tetrachloride + atorvastatin (10 mg/kg) treaed rat showing congestion in hepatocytes ftom central
portion of the lobule (H&E, ×400). C, Microscopic appearance of the liver of carbon tetrachloride +
atorvastatin (15 mg/kg) treaed rat showing no fatty changes, except random foci of hydropic
degeneratin (H&E, ×400). D, Histologic parameters of liver in periportal field from carbom
tetrachloride + atorvastatin (15 mg/kg) treaed rat is near normal and no prominent vacuolation is see
this area (H&E, ×400).

Biochemical Parameters:

The animals treated with CCl4 exhibited a
significant (P<0.001) rise in SGOT, SGPT, ALP and
bilirubin levels when compared to the control group
(Table 1).

Discussion:

Administration of atorvastatin resulted in
prevention of hepatic injury in a dose dependent
manner. Especially Administration at the dose of 15
mg/kg almost normalized the histological architecture
of the liver resembling, showing its potent
hepatoprotective effects. The present study
investigates the effects of a statin (atorvastatin) on
the necroinflammatory actions in the liver.In the
assessment of liver damage by CCl4; the
determination of enzyme levels was largely used.
Serum SGPT, SGOT, ALP and bilirubin are the most
sensitive markers employed in the diagnosis of
hepatic damage because these are cytoplasmic in
location and are released into the circulation after
cellular damage. In this study, an increase in the
activities of SGPT, SGOT, ALP and bilirubin in
serum evidenced the CCl4 -induced hepatocellular

damage [2,7,8,9,10]. The reduction of CCl4-induced
elevated plasma activities of these enzyme levels in
animals treated with the formulation showed their
ability to restore the normal functional status of the
damaged liver [2,9,10]. The histopathological
examination of the liver of the control group showed
normal hepatocytes with portal triad (Figure1). The
liver section of CCl4-treated rats showed fatty
infiltration, wide spread hepatocellular lytic necrosis
and hemorrhage with lymphocyte infiltrations in
portal areas (Figure2-3).This could be due to the
atorvastatin of highly reactive free radicals because
of oxidative stress caused by CCl4. Simultaneous
administration of atorvastatin along with CCl4

prevented these effects (Figure4-8).Thus,
histopathological studies revealed that concurrent
administration of CCl4 with the atorvastatin exhibited
protection of liver cells, which further confirmed the
above results. The results of this study clearly
demonstrated that the atorvastatin exhibited potent
hepatoprotective activity against CCl4 -induced
hepatic damage in rats. This may be due to their
antioxidant and free radical scavenging properties.
Statins reduced the expression of proinflammatory 
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Table 1: Effect of atorvastatin on serum biochemical parameters against CCl4-induced hepatotoxicity in rats
group SGOT(U/L) SGPT(U/L) ALP(U/L) Bilirubin(mg/dl)
Control 33.492 ±0.5820 27.750 ±0.5064 16.597 ± 0.4301 0.4433 ± 0.01022
CCL4 95.465 ±0.462 78.412 ±0.6377 51.055 ±0.4419 2.222 ±0.1085
Atrovastatin(5mg/kg,p.o)+ccl4 97.983 ±0.8165 76.568 ±1.1 28.073 ±0.4431 2.142 ±0.07134
Atrovastatin(10mg/kg,p.o)+ccl4 65.985 ±0.3611 51.117 ±0.3114 30.957 ± 0.3507 0.9133 ±0.02848
Atrovastatin(15mg/kg,p.o)+ccl4 26.686 ± 0.4688 21.138 ±0.3145 0.5381 ±0.2197 0.4717 ±0.004773
Values are expressed as mean±SEM; n=6 each group; P<0.001 vs. ccl4-treated group (ANOVA followed by Dunne4t's test)

Fig. 9: Level of ALP concentration in serum from control and treatment groups (n=6) in acute ccl4 liver
injury of Wistar male albino rats. Serum concentration of ALP was measured at 28 days after the
single subcutaneously injection of ccl4 and treated with atorvastatin in treatment group. All results
refer to mean±SEM. ***P<0.001 compared with that of the control group.

Fig. 10: Level of SGOT concentration in serum from control and treatment groups (n=6) in acute ccl4 liver
injury of Wistar male albino rats. Serum concentration of SGOT was measured at 28 days after the
single subcutaneously injection of ccl4 and treated with atorvastatin in treatment group. All results
refer to mean±SEM***P<0.001 compared with that of the control groups atorvastatin (10mg/kg, p.o)
+ccl4 and atorvastatin (15mg/kg, p.o) +ccl4 and *P>0. 05.  

Fig. 11: Level of SGPT concentration in serum from control and treatment groups (n=6) in acute ccl4 liver
injury of Wistar male albino rats. Serum concentration of SGPT was measured at 28 days after the
single subcutaneously injection of ccl4 and treated with atorvastatin in treatment group. All results
refer to mean±SEM***P<0.001 compared with that of the control groups (atorvastatin (10mg/kg, p.o)
+ccl4 and atorvastatin (15mg/kg, p.o) +ccl4 and *P>0. 05. 



891Adv. Environ. Biol., 5(5): 886-892, 2011

Fig. 12: Level of billirubin concentration in serum from control and treatment groups (n=6) in acute ccl4 liver
injury of Wistar male albino rats. Serum concentration of billirubin was measured at 28 days after the
single subcutaneously injection of ccl4 and treated with atorvastatin in treatment group. All results
refer to mean±SEM***P<0.001 compared with that of the control groups (atorvastatin (10mg/kg, p.o)
+ccl4, atorvastatin (15mg/kg, p.o) +ccl4 and atorvastatin (5mg/kg, p.o) +ccl4 *P>0. 05.  

cytokines, which promote recruitment of
inflammatory cells [2,11,12]. Our results strongly
suggest that statins exert anti-necroinflammatory
effects in the liver. Also we suggested that
atorvastatin attenuates the pathogenic events induced
by ANG II in the liver, including oxidative stress,
inflammatory events, and expression of profibrogenic
genes. Statins reduced the expression of
proinflammatory cytokines, which promote
recruitment of inflammatory cells [13,2]. Moreover,
atorvastatin reduced oxidative stress in the liver,
which is an important event leading to hepatic
inflammation [14]. Finally, we recently demonstrated
that statins decrease endothelial dysfunctions in rats
with experimental cirrhosis, which is a pathogenic
event linked to local inflammation and fibrogenesis
[15]. Atorvastatin reduces the inflammatory actions
(IL-8 secretion and ICAM-1 expression) stimulated
by ANG II [16,17]. This effect was associated with
a reduction in ANG II-induced NF-κB activation
[18]. Studies shows that atorvastatin administration
totally prevented all signs of histological damage,
and reverted the increased liver expression of some
pro-inflammatory factors (MT-I, PAI-1), reducing
plasma ALP concentrations to below control levels.
This strong anti-inflammatory activity of atorvastatin
could be attributed to two factors: the well-known
inhibition of NFκB activity by atorvastatin and the
reduced liver metabolism of fructose, resulting from
atorvastatin-mediated decreased expression of
fructokinase, thus alleviating hepatic metabolic stress
and the production of pro-inflammatory products.
Atorvastatin administration also partially prevented
the increased expression of these inflammatory
markers [19]. Atorvastatin and rosuvastatin possess
dose-dependent antioxidant, analgesic, and anti-
inflammatory activities [20]. Further studies should
evaluate this hypothesis.

References

1. Hothersall, Eleanor Jane. 2008. Effect of
atorvastatin on asthma control and airway
inflammation: a randomized controlled trial.
Thesis (glathesis: 2008-12-05-360).
http://eleanor.lib.gla.ac.uk/record=b2645664.

2. Lima, T.B., A. Suja, O.S. Jisa, S.
Sathyanarayanan, K.S. Remya. 2010.
Hepatoprotective activity of LIV-first against
carbon tetra chloride-induced hepatotoxicity in
albino rats. International journal of green
pharmacy, 4: 71-74.

3. Malhotra, S., A.P. Singh, 2006. Hepatoprotective
n a t u r a l  p r o d u c t s .  A v a i l a b l e  f r o m:
http://www.siv.edu/ebl/leaflets/hepato.htm.

4. Rombouts, K., E. Kisanga, K. Hellemans, A.
Wielant, D. Schuppan, A. Geerts, 2003. Effect of
HMG-CoA reductase inhibitors on proliferation
and protein synthesis by rat hepatic stellate cells.
J Hepatol., 38: 564-572. 

5. Li-Juan Zhang, Jie-Ping Yu, Dan Li, Yue-Hong
Huang, Zhi-Xin Chen, Xiao-Zhong Wang, 2004.
Effects of cytokines on carbon tetrachloride-
induced hepatic fibrogenesis in ratsWorld J
Gastroenterol., 10: 77-81.

6. Trebicka, J., M. Hennenberg, M. Odenthal, K.
Shir, S. Klein, M. Granzow, A. Vogt, H.P.
Dienes, F. Lammert, J. Reichen, J. Heller, T.
Sauerbruch, 2010. Atorvastatin attenuates hepatic
fibrosis in rats after bile duct ligation via
decreased turnover of hepatic stellate cells. J
Hepatol., 53(4): 702-12.

7. Kind, P.R.N., E.J. King, 1954. Estimation of
plasma phosphatase by determination of
hydrolysed phenol with amino-antipyrine. J Clin
Pathol, 7: 322-6. 

8. Drotman, R.B., G.T. Lawhorn, 19783. Serum
enzymes as indicators of chemically induced
liver damage. Drug Chem Toxicol., 1: 163-71. 

9. Reitman, S., S. Frankel, 1957. A colorimetric
method for the determination of serum glutamic
oxaloacetic and glutamic pyruvic transaminases.
Am J Clin Pathol., 28: 56-63.  

10. Pari, L., D.R. Amali, 2005. Protective role of
tetrahydrocurcumin, an active principle of
turmeric on chloroquine-induced hepatotoxicity
in rats. J Pharm Pharmaceut Sci., 8: 115-23.

11. Montserrat Moreno, Leandra N. Ramalho, Pau
Sancho-Bru, 2009. Marta Ruiz-Ortega.
Atorvsstatin attenuates angiotensin II-induced
inflammatory actions in the liver.AJP - GI 2: 47-
156.



892Adv. Environ. Biol., 5(5): 886-892, 2011

12. Link, A., T. Ayadhi, M. Bohm, G. Nickenig,
2006. Rapid immunomodulation by rosuvastatin
in patients with acute coronary syndrome. Eur
Heart J 27: 2945-2955.

13. Link, A., T. Ayadhi, M. Bohm, G. Nickenig,
2006. Rapid immunomodulation by rosuvastatin
in patients with acute coronary syndrome. Eur
Heart J 27: 2945-2955.

14. Schwabe, R., R.F. Choi, Y.H. Yang, L. Paik,
Y.H.J. Lindquist, T. Qian, R. Schoonhoven, C.H.
Hagedorn, J.J. Lemasters, D.A. Brenner, 2003.
NADPH oxidase signal transduces angiotensin II
in hepatic stellate cells and is critical in hepatic
fibrosis. J Clin Invest., 112: 1383-1394.

15. Abraldes, J.G., A. Rodriguez-Vilarrupla, M.
Graupera, C. Zafra, H. Garcia-Caldero, J.C.
Garcia-Pagan, J. Bosch, 2007. Simvastatin
treatment improves liver sinusoidal endothelial
dysfunction in CCl4 cirrhotic rats. J Hepatol.,
46: 1040-1046.

16. Ito, T., U. Ikeda, K. Yamamoto, K. Shimada,
2002. Regulation of interleukin-8 expression by
HMG-CoA reductase inhibitors in human
vascular smooth muscle cells. Atherosclerosis.,
165: 51-55.

17. Landsberger, M., B. Wolff, F. Jantzen, C.
Rosenstengel, D. Vogelgesang, A. Staudt, J.B.
Dahm, S.B. Felix, 2007. Cerivastatin reduces
cytokine-induced surface expression of ICAM-1
via increased shedding in human endothelial
cells. Atherosclerosis., 190: 43-52.

18. Ortego, M., C. Bustos, M.A. Hernandez-Presa, J.
Tunon, C. Diaz, G. Hernandez, J. Egido, 1999.
Atorvastatin reduces NF-κB activation and
chemokine expression in vascular smooth muscle
cells and mononuclear cells. Atherosclerosis.,
147: 253-261.

19. Laia Vilà, Alba Rebollo, S. Gunnar, 2010.
Ađalsteisson, Marta Alegreta, Manuel Merlos,
Nuria Roglans and Juan C. Laguna. Reduction of
liver fructokinase expression and improved
hepatic inflammation and metabolism in liquid
fructose-fed rats after atorvastatin treatment.
Toxicology and Applied Pharmacology.

20. Ghaisas, M.M., P.R. Dandawate, S.A. Zawar,
Y.S. Ahire, S.P. Gandhi, 2010. Antioxidant,
antinociceptive and anti-inflammatory activities
of atorvastatin and rosuvastatin in various
experimental models. Inflammopharmacology,
18(4): 169-77.

21. Ganga, B., N. Rao, 2010. Jaya Raju.Investigation
of hepatoprotective activity of spondias pinnata
IJPSR, 3: 193-198.


