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Abstract: The present study was aimed to investigate the combined effect of curcumin[CMN] and vitamin E against
CCl4 induced oxidative stress and liver toxicity in rats. The toxicant CCl4 was used to induce liver toxicity at a dose of
1ml/kg as 1: 1 (v/v) mixture with liquid parafiin twice weekly for 8 weeks and sylamarinwas used as a standard drug to
compare hepatoprotective effects of CMN and vitamin E. The antifibrotic effects of CMN and vitamin E were assessed
directly by hepatic histology and indirectly by measuring levels of the aspartate transaminase (AST), alanine transaminase
(ALT), alkaline phosphatase (ALP) and lipid profile (total cholesterol and triglycerides) in serum. Further, we investigated
lipid peroxidation (TBARS), enzymatic antioxidants (catalase, superoxide dismutase, glutathione peroxidase, glutathioneS-transferase, glutathione reductase) and non-enzymatic antioxidant glutathione (GSH) were estimated in the liver samples.
Oral administration of CMN(100mg/kg daily for 8 weeks) and in combination with vitamin E (40mg/kg thrice weekly for
8 weeks) showed significant hepatoprotection by decreasing elevated serum markers and lipid profile. In addition
significantly decreased the hepatic lipid peroxidation as well as recovered the activities of antioxidant enzymes and GSH
levels in the liver. Histopathological studies confirmed the biochemical observations. This study reveals CMN in
combination with vitamin E possesses strong antioxidant and hepatoprotective activity than CMN alone.
Keywords: Curcumin, Carbon Tetrachloride, Oxidative Stress, Vitamin E, Silymarin

1. Introduction
Liver fibrogenesis is common to various types of chronic
liver disease [1,2]. The possible consequences of
fibrogenesis include liver cirrhosis or hepatocellular
carcinoma [3-7]. There are increasing evidences that free
radicals and reactive oxygen species play a crucial role in
the various steps that initiate and regulate the progression
of liver diseases independently of the agent in its origin [8,
9]. Various xenobiotics are known to cause hepatotoxicity
one among them is carbon tetrachloride (CCl4) [10].
Reductive dehalogenation of CCl4 by the P450 enzyme
system to the highly reactive trichloromethyl radical
initiates the process of lipid peroxidation which is
considered to be the most important mechanism in the
pathogenesis of liver damage induced by CCl4 [11].
Trichloromethyl radical can even react with sulfhydryl

groups of glutathione (GSH) and protein thiols. In addition,
CCl4 also alters the antioxidant profile of the liver
including the antioxidant enzymes like superoxide
dismutase (SOD), catalase (CAT), glutathione peroxidase
(GPx), glutathione reductase(GR), and glutathione
transferase(GST)[12, 13].
Antioxidants are vital substances which possess the
ability to protect the body from damage caused by free
radical induced oxidative stress [14,15]. There is an
increasing interest in natural antioxidants, e.g. polyphenols,
present in medicinal and dietary plants, which might help
prevent oxidative damage. In treatment of these diseases,
antioxidant therapy has gained an immense importance.
Current research is now directed towards finding naturally
occurring antioxidants of plant origin [16]. Curcumin(1,7bis (4-hydroxy-3-methoxyphenyl)-1,6- heptadiene-3,5dione, 1) is a naturally occurring phenolic compound
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isolated as a yellow pigment from turmeric (dry rhizomes
of Curcumin longa) which is commonly used as a spice and
food colorant [17]. This compound has been reported to
possess a variety of biological and pharmacological
activities, includingantioxidative[18-22], anti-inflammatory
[23], anticarcinogenic [24-26] and anti-HIV [27].
Liver disease is a worldwide problem. Conventional and
synthetic drugs used in the treatment of liver diseases are
sometimes inadequate and can have serious adverse effects.
It is therefore necessary to search for alternative drugs for
the treatment of liver diseases to replace currently used
drugs of doubtful efficacy and safety [28, 29]. However, No
study has so far examined on the protective effects of
curcumin along with vitamin E on CCl4 induced liver
damage. Therefore, in continuation of the search for
potential modulators of CCl4-mediated hepatic damage, we
have investigated the combined effects of curcumin, a
naturally occurring polyphenol and vitamin E on
experimentally induced CCl4 hepatic oxidative stress in
rats.

2. Materials and Methods
2.1. Chemicals and Drugs
Carbon tetrachloride was purchased from MERK India
Ltd., Curcumin and α-Tocopherol[Vitamin E] purchased
from Sigma chemicals Co. St Louis. Silymarin suspension
purchased from Micro labs, Bangalore.
2.2. Animals
Adult male albino rats Wistar strainweighing 190 ± 30
procured from Sri Raghavendra Animal Supplier,
Bangalore, Karnataka., were used for the study after the
clearance from Institutional Animal Ethical Committee
(CPCSEA) REGD. No. 470/01/a/ CPCSEA, DT. 24th Aug
2001. They were kept in cages under standard laboratory
conditions (23 ± 2 C, 12 h dark/light) and were fed with
commercial rat feed supplied by SaiDurga Feeds and Foods,
Bangalore and water adlibitum. Before use prior to the
experimentation they were allowed to laboratory conditions
for ten days.
2.3. Experimental Protocol
Animals were randomly assigned into seven groups of
six each. Group 1 served as normal control and received
Phosphate Buffer Saline (p.o daily for 8 weeks). Group 2
CMN control (100 mg/kg p.o daily for 8 weeks). Group 3
CMN (100 mg/kg p.o daily for 8 weeks) + Vitamin E (40
mg/ kg p.othrice weekly for 8 weeks). Group 4 received
CCl4 (1ml/kg 1:1 in liquid parafiinp.o., twice weekly for 8
weeks). Group 5 CCl4 + CMN (100 mg/ kg p.o for 8
weeks).Group 6 CCl4 + CMN(100 mg/ kg p.o daily,
Vitamin E 40 mg/ kg weekly thrice p.o for 8 weeks). Group
7 CCl4 + Silymarin(50 mg/ kg p.odaily for 8 weeks).

2.4. Selection of Dose
The dose of CCl4 (1ml/ kg Wt)[30, 31], the dose of
curcumin 100 mg/ kg wt. [32] and the dose of Vitamin E
[33] were selected with minor modifications.
2.5. Sacrifice of Animals and Collection of Blood and
Liver
At the end of experimentation and 24 h after the last dose
of CCl4, rats were sacrificed by cervical dislocation. Just
before sacrifice, the animals were anesthetized with
pentobarbital [0.6 ml/ kg] and the blood collected by heart
puncture and transferred into eppendorf tubes, allowed to
clot for 30 min. Serum was separated by centrifugation at
2500rpm for 15 min and used for biochemical estimations.
After sacrifice, immediately liver was removed and
washed thoroughly with ice-cold 0.9 % sodium chloride
solution [saline] and cut in to micro pieces fixed in 10 %
formalin for histological examinations.
2.6. Biochemical Analysis
2.6.1. Serum Biochemical Analysis
The activities of serum aspartate transaminase (AST)
alanine transaminase (ALT) and alkaline phosphatase (ALP)
were estimated by using kits obtained from Erba
diagnostics Mannheim, Baddi, H.P., India and Aspen
laboratories, Baddi, H.P., India (for ALP). Lipid profile (TC
and TGLs) was estimated by using kits obtained from Excel
Diagnostics Pvt. Ltd, Hyderabad, India.
2.6.2. Assessment of Hepatic Lipid Peroxidation
Ten percent tissue homogenate was prepared in 0.15 M
potassium chloride using by using potter-elvehjem
homogenizer at 0 C.
Lipid
peroxidation
was
estimated by method of Utely et al. (1967)[34]. The whole
homogenate was used for estimation of glutathione and
lipid peroxidation. Briefly to 1.0 ml of the liver
homogenate, 2.0 ml of TCA and 4.0 ml of TBA were added,
heated in water bath for 30 minutes. After cooling and
centrifugation, the absorbance of the supernatant was read
at 535 nm. A reagent blank was prepared using water
instead of tissue homogenate. The extent of lipid
peroxidation was expressed as nmol MDA formed/mg
protein, using a molar extinction co-efficient of MDA as
1.56 × 105 M-1 cm-1.
2.6.3. Assessment of Hepatic GSH
Total reduced glutathione (GSH) content was measured
following the method of Ellman’s(1959)[35]. Briefly 0.5 ml
of liver tissue homogenate was deproteinized with 3.5 ml of
5% TCA and centrifuged. To 0.5 ml of the supernatant, 3.0
ml phosphate buffer and 0.5 ml of Ellman’s reagent were
added and the yellow colour developed was read at 412 nm.
A series of standards (4-20 µg) were treated in a similar
manner along with blank. Values expressed as µg GSH/mg
protein.
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2.6.4. Antioxidant Enzyme Assays
Ten percent homogenate of liver was prepared by using
potter-elvehjem homogenizer at 4 C in 0.15 M KCl. The
homogenate was centrifuged (12,000 rpm for 45 min at 04 C) in Remi(C24-BL) cooling centrifuge. To remove the
debris and supernatant was used for enzyme assays.
Glutathione peroxidise(GPx) activity was estimated by
Rotsruck(1973)and Ellman’s(1959) method [36, 35] and
specific activity was expressed as µg of GSH
consumed/min/mg protein. Glutathione reductase(GR)
activity was estimated by Pinto and Bartley
(1969)method[37],activity is expressed as µmol of NADPH
oxidized/min/mg protein using an extinction coefficient for
NADPH of 6.22 cm-1 mmol-1. Glutathione-Stransferase(GST) activity was estimated by Habig et al.
(1974) method [38] and activity was calculated using an
extinction coefficient of CDNB-GSH conjugate as 9.6 mM1 and expressed as µmoles of CDNB-GSH conjugate
formed/min/mg protein. Catalase (CAT) activity was
estimated by Beers and Seizer (1952) method [39]and
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activity was expressed as n moles of H2O2
decomposed/min/mg protein. Superoxide dismutase (SOD)
activity
was
estimated
by
Marklund
and
Marklund(1974)was adopted as followed by Soon and Tan
(2002) method, activity was expressed as units/min/mg
protein [40, 41]. Detailed procedures published in our
previous studies [42].
Protein concentration of the supernatant was estimated
by Lowry et al. (1951) using crystalline BSA standard [43].
2.6.5. Histopathology of Liver
The histological sections of the liver of rats were taken
by adopting the procedure as described by
Humason(1972)[44].
2.6.6. Statistical Analysis
The results were expressed as mean ± S.D. The results
were analyzed using DMR test (Duncann’s Multiple Range
Test). P<0.05 was considered as statistically significant
[45].

Table 1. Effect of curcumin and vitamin E on body weight (BW) and relative liver weight/100 gm BW of different treated groups
Name of the parameter

Group 1

Group 2

Group 3

Group 4

Group 5

Group 6

Group 7

Initial BW (0 days)
Mean

189.16 a

195 a

200.33 a

189.56 a

196.66 a

210 a

215.66a

S.D

± 18.12

± 14.6

± 15.45

± 12.82

± 14.42

± 11.18

± 15.45

Final BW (60 days)
Mean

280.83 a

267.5 a

262.33 a

209.16 b

257.5 a

259 a

262.5 a

S.D

± 10.05

± 11.45

± 15.06

± 15.06

± 12.88

± 15.54

± 16.77

2.88c
± 0.22

2.76 c
± 0.27

2.67c
± 0.29

4.49a
± 0.33

3.52 b
± 0.26

3.1 c
± 0.09

3.06 c
± 0.29

Relative liver weight/ 100 gm
BW
Mean
S.D

Values are mean ± S.D (n=6) (CMN-Curcumin)
Values with different superscripts with in a column are significantly different at P<0.05 (Duncan’s Multiple Range Test). Group 1: Normal control; Group
2: CMN control; Group 3: CMN + vitamin E control; Group 4: CCl4 treated alone; Group 5: CCl4 + CMN; Group 6: CCl4 + CMN along with vitamin E;
Group 7: CCl4 + silymarin.
Table 2.Effect of Curcumin and vitamin E on serum marker enzyme activities of different treated groups
Name of the parameter

Group 1

Group 2

Group 3

Group 4

Group 5

Group6

Group7

AST (IU/L)

55.15d

54.89 d

55.41 d

223.68a

65.52b

60.35c

59.75c

± 0.7

± 0.82

± 0.52

± 1.39

± 0.33

± 0.53

± 0.49

27.73d

27.3d

26.77d

113.97a

34.4b

29.97c

29.8c

± 0.71

± 0.56

± 0.47

± 0.59

± 0.62

± 0.54

± 0.52

17.08d

17.18d

17.12d

105.27a

19.25b

18.16c

18.1c

± 0.44

± 0.34

± 0.21

± 0.33

± 0.52

± 0.44

± 0.35

Mean

S.D
ALT (IU/L)

Mean

S.D
ALP (IU/L)
S.D

Mean

Values are mean ± S.D (n=6) (CMN-Curcumin)
Values with different superscripts with in a column are significantly different at P<0.05 (Duncan’s Multiple Range Test). Group 1: Normal control; Group
2: CMN control; Group 3: CMN + vitamin E control; Group 4: CCl4 treated alone; Group 5: CCl4 + CMN; Group 6: CCl4 + CMN along with vitamin E;
Group 7: CCl4 + silymarin.
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Table 3.Effect of Curcumin and vitamin E on antioxidant enzyme activities (µg or µmol/min/mg protein) of different treated groups
Name of the parameter

Group 1

Group2

Group3

Group4

Group5

Group6

Group7

12.57 a
±0.58

12.71 a
±0.21

12.62 a
±0.42

7.15d
±0.21

9.61 c
±0.33

11.37b
±0.44

11.63b
±0.51

5.33a
±0.14

5.34a
±0.15

5.33a
±0.15

2.32d
±0.21

4.01 c
±0.05

4.71b
±0.04

4.78b
±0.05

Mean
S.D
CAT (µM H2O2/ min/mg protein)

0.136a
±0.001

0.135a
±0.0007

0.135a
±0.0009

0.053d
±0.001

0.111c
±0.0052

0.125b
±0.0032

0.127b
±0.0039

Mean
S.D
SOD (U/mg/ min/mg protein)

66.211a
±0.367

66.347 a
±0.38

66.371a
±0.485

27.265d
±0.244

60.532c
±0.332

62.932b
±0.382

63.189b
±0.152

Mean
S.D

12.44a
±0.25

12.12a
±0.11

12.36 a
±0.29

4.18d
±0.17

9.57c
±0.22

10.97b
±0.31

11.08b
±0.22

GPx (µg of GSH/ min/mg protein)
Mean
S.D
GR (µM/ min/mg protein)
Mean
S.D
GST (µM/ min/mg protein)

Values are mean ± S.D (n=6) (CMN-Curcumin)
Values with different superscripts with in a column are significantly different at P<0.05 (Duncan’s Multiple Range Test). Group 1: Normal control; Group
2: CMN control; Group 3: CMN + vitamin E control; Group 4: CCl4 treated alone; Group 5: CCl4 + CMN; Group 6: CCl4 + CMN along with vitamin E;
Group 7: CCl4 + silymarin.

3. Results
3.1. Effect of curcumin and vitamin E on CCl4 induced
changes in the body weight, relative liver weight (KW)
/ 100 g body weight (BW).

group (group 4) (Fig. 1 & 2) over normal control (group 1).
Oral administration of CMN (group 5) and in combination
with vitamin E (group 6) in rats treated with CCl4 showed
a significant (p<0.05) reduction in the levels of serum TC
and TGLs.

Table-1shows mean body weights and relative liver
weights of rats in each group. It was observed that CCl4
(group 4) induced rats showed significant decrease (p<0.05)
in the body weight whereas significant increase (p<0.05) in
the relative liver weight over normal control (group 1). Oral
administration of CMN (group 5) and in combination with
vitamin E (group 6) in rats treated with CCl4 caused
significantly (p<0.05) increased the body weight and
significantly decreased the relative liver weights.
(1)

3.2. Effect of Curcumin and Vitamin E on CCl4 Induced
Changes in the Liver Marker Enzymes of Different
Treated Groups.
Aspartate transaminase (AST), alanine transaminase
(ALT) and alkaline phosphatase (ALP) activities (Table-2)
were significantlyelevatedin the CCl4 treated alone ones
(group 4) over normal control (group 1). Oral
administration of CMN (group 5) and in combination with
vitamin E (group 6) in rats treated with CCl4 showed a
significant (p<0.05) reduction in the activities of serum
AST, ALT and ALP.
3.3. Effect of Curcumin and Vitamin E on CCl4 Induced
Changes in the Serum Lipid Profile in Different
Treated Groups
Serum total cholesterol (TC) and triglycerides (TGLs)
levels were significantly increased in the CCl4 treated

(2)
Fig. 1 & 2. Effect of curcumin and vitamin E on serum lipid profile (Fig.1
TC and Fig.2 TGLs) concentration of different treated groups.Each bar
represents the mean ± S.D (n=6). Bars with different alphabets differ
significantly at P<0.05 (Duncan’s Multiple Range Test). Group I: Normal
control; Group II: CMN control; Group III: CMN + vitamin E control;
Group IV: CCl4 treated alone; Group V: CCl4 + CMN; Group VI: CCl4 +
CMN along with vitamin E; Group VII: CCl4 + silymarin.
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(3)

(4)
.Effect of curcumin and vitamin E on hepatic lipid peroxidation
pe
Fig. 3 & 4.Effect
and glutathione (GSH) levels of different treated groups. Each bar
represents the mean ± S.D (n=6). Bars with different alphabets differ
significantly at P<0.05 (Duncan’s Multiple Range Test).
Te
Group and
treatment details are the same as describedd in Fig. 1&
1 2.

Figure 6: G (10 X) & H (40 X) CCl4 treated (Group 4) showing
hepatocytes (H) with necrotic condition and central vein with congestion
(C), nucleus exfoliated condition. I (10 X) & J (40 X) CCl4 + curcumin
(Group 5) showing hepatocytes (H), nucleus still exfoliated condition.
Regeneration of central vein (RCV). K (10 X) & L (40 X) CCl4 + curcumin
along with vitamin E (Group 6) showing hepatocytes (H), nucleus almost
similar with control group. Regeneration of central vein (RCV).M
(RCV). (10 X)
& N (40 X) CCl4 + standard drug (silymarin) (Group 7) showing
hepatocytes (H), nucleus almost similar with control group. Regeneration
of central vein (RCV).

3.4. Effect of Curcumin and Vitamin E on CCl4 Induced
Changes in Hepatic Lipid Peroxidation in Different
Treated Groups
Hepatic TBARS concentration significantly increased
after 8 weeks of CCl4 treatment (Fig. 3). Oral
administration of CMN (group 5) and in combination with
vitamin E (group 6) in rats treated with CCl4 showed a
significant (p<0.05) reduction in the levels of hepatic
TBARS concentration.
3.5. Effect of Curcumin and Vitamin E on CCl4 Induced
Changes in Hepatic GSH Content and Antioxidant
Enzyme Activities
es (GPx, GR, GST, CAT and SOD)

Figure 5: A (10 X) & B (40 X) Normal control (Group 1), C (10 X) & D
(40 X) curcumin control (Group 2) and E (10 X) & F (40 X) curcumin and
vitamin E control (Group 3) showing hepatocytes (H) with prominent
nucleus (N) with central vein (CV).

Figure-3and Table-3had
3had shown levels of GSH and
activities of antioxidant
dant enzymes in the liver of seven
experimental groups respectively. Liver fibrosis induced by
CCl4 cause significantly decreased
decrease in the levels of hepatic
GSH as well as antioxidant enzyme activities (GPx,
(
GR,
GST, CAT and SOD) as compared to normal control (group
1). Whereas, oral administration of CMN (group 5) and
combination with vitamin E (group 6) in rats treated with
CCl4 showed recovery of the hepatic GSH content and
activities of antioxidant enzymes.
3.6. Effect of Curcumin and Vitamin E on CCl4 Induced
Changes in Liver Histoarchitecture
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The histology of the liver (Fig.5-A to F) from normal,
CMN and in combination with vitamin E control animals
showed normal hepatic cells with well-preserved cytoplasm,
prominent nucleus, central vein and compact arrangement
of hepatocytes. In contrast to this, liver sections from the
rats treated with CCl4 alone (Group 4) showed (Fig.6-G&H)
massive changes throughout the lobules, with fatty
accumulations, cellular vacuolization, and centrilobular
necrosis. Congestion of the central vein withhaemorrhagic
condition.CMN (group 5) (Fig.6- I & J) treated animals
showed mild central venous congestion and mild fatty
vacuolation. The sections of liver taken from the animals
treated with curcumin and vitamin E (group 6) (Fig. 6- K &
L) showed the hepatic architecture, which was almost
similar to that of normal control.

4. Discussion
The Present study was conducted to evaluate the
combined effect of the CMN and vitamin E against CCl4induced hepatic disorders in rat. Chronic hepatic injury by
carbon tetrachloride is a well-established animal model of
liver fibrosis. Reactive oxygen species and oxidative stress
have been shown to play an important role in the
etiopathogenesis of the hepatic fibrotic changes, and
antioxidant treatment in vivo seems to be effective in
preventing or reducing chronic liver damage and fibrosis
[46]. In our study, treatment with CCl4 resulted in a
significant decrease in body weight as well as significant
increase in relative liver weight and these results were in
agreement with those reported in the previous literature
[47].
Serum hepatobiliary enzymes such as AST, ALT and
ALP are present in high concentrations in the liver under
normal conditions. When there is hepatocyte necrosis or
membrane damage, these enzymes will be released into the
circulation, as indicated by elevated serum enzyme levels
[48]. In the present study, the elevated levels of all these
marker enzymes observed in CCl4-treated rats indicate
liver damage induced by hepatotoxins. Treatment of CMN
and with or without vitamin E to CCl4-induced rats
ameliorated the toxic effects of CCl4 and the above
markers restored towards the normal level. This effect may
be free radical scavenging activity of CMN and results
obtained in this study are in agreement with earlier findings
[49-51].
In this study CCl4 treated rats showed elevated levels of
serum TC and TGLs. CCl4 increases the synthesis of fatty
acids and triglycerides from acetate. This could be due to
the transport of acetate into the liver cell, resulting in
increased substrate (acetate) availability. In CCl4 toxicity,
the synthesis of cholesterol is also increased [52]. The
significant reduction in the concentration of TC and TGLs
in the serum of CCl4 + CMN with or without vitamin E
administered rats. This could be due to CMN possesses
hypocholesterolemic action and this could be due to a
decrease in absorption of cholesterol or an increase in HDL

cholesterol [53]. This is also evidenced by recent studies
[54].
Hepatic
malondialdehyde(MDA)
levels
were
significantly increased in CCl4 treated group, showing an
increased oxidative stress compared to control group.
Increased oxidative stress has been attributed to the
formation of reactive metabolites due to biotransformation
by CYP2E1. Once formed, free radicals trigger a cascade
of reactions that culminate in lipoperoxidation [55, 56]. The
significant decline in the concentration of these constituents
in the liver of CCl4 + CMN with or without vitamin E
administered rats indicates anti-lipid peroxidative effects.
Recent studies suggests that curcumin inhibits CYP2E1
activity [57], thus limiting ROS production from
microsomes, and activates NF-E2-related factor 2 (Nrf2)
translocation to the nucleus, where it activates the
expression of antioxidant enzymes [58, 59]. In this study it
is also evidenced by CMN and vitamin E treatment
significantly restoring the antioxindant enzymes (GPx, GST,
GR, SOD and CAT) activities as well as non-enzymatic
antioxidant GSH concentration in the liver. However, CMN
along with vitamin E treatment showed significant
protection than CMN alone.
Histopathological studies provided supportive evidence
for biochemical analysis. In this study treatment with CCl4
for 8 weeks showed marked disruption of the structure of
hepatocytes. Therapy of CMN and with or without vitamin
E showed marked regenerative hepatocytes, only slightly
affected normal architecture of hepatocyte cords with a few
areas of discontinuity. In contrary histological observations
depicts that CMN along with vitamin E showed significant
recovery over CMN alone treated ones.
In our studies combined supplementation of vitamin E
and CMN to CCl4-treated rats was found to ameliorate the
hepatic toxicity. Therefore, it is assumed that administration
of both vitamin E and curcumin co-operatively act on ROS
induced by CCl4, CMN alone also shown positive effect,
however it is less effective compared with CMN plus
vitamin E. No reports were available on combined effects
of CMN and vitamin E on CCl4 hepatotoxicity. However
few reports are available to support of this view, our earlier
findings suggested that CMN combination with vitamin E
may be considered as potentially combating oxidative
stress and nephrotoxicity induced by CCl4 [42] and other
study by Jena and Chainy(2011) has reported that CMN
and vitamin E effectively ameliorates the L-Thyrixine(T4)
induced oxidative stress in renal cortex of male rats,
whereas CMN alone unable to do so [60].
Conclusion: Our study suggests that combined
administration of curcumin and vitamin E may be
considered as potentially combating oxidative stress and
liver toxicity induced by CCl4.
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