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Abstract The effect of an aqueous extract of Origanum vul-
gare (OV) leaves extract on CCl4-induced hepatotoxicity was
investigated in normal and hepatotoxic rats. To evaluate the
hepatoprotective activity of OV, rats were divided into six
groups: control group, O. vulgare group, carbon tetrachloride
(CCl4; 2 ml/kg bodyweight) group, and three treatment groups
that received CCl4 and OV at doses of 50, 100, 150 mg/kg
body weight orally for 15 days. Alanine amino transferase
(ALT), alkaline phosphatase (ALP), and aspartate amino trans-
ferase (AST) in serum, lipid peroxide (LPO), GST, CAT, SOD,
GPx, GR, and GSH in liver tissue were estimated to assess
liver function. CCl4 administration led to pathological and
biochemical evidence of liver injury as compared to controls.
OV administration led to significant protection against CCl4-

induced hepatotoxicity in dose-dependent manner, maximum
activity was found in CCl4+OV3 (150 mg/kg body weight)
groups and changes in the hepatocytes were confirmed through
histopathological analysis of liver tissues. It was also associat-
ed with significantly lower serum ALT, ALP, and AST levels,
higher GST, CAT, SOD, GPx, GR, and GSH level in liver
tissue. The level of LPO also decreases significantly after the
administration of OV leaves extract. The biochemical obser-
vations were supplemented with histopathological examina-
tion of rat liver sections. Thus, the study suggests O. vulgare
showed protective activity against CCl4-induced hepatotoxic-
ity in Wistar rats and might be beneficial for the liver toxicity.
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Introduction

Liver regulates many important metabolic functions. Hepatic
injury is associated with distortion of these metabolic functions
(Wolf 1999). In absence of a reliable liver protective drug in the
modern system of medicine, a number of medicinal prepara-
tions in Ayurveda, the Indian system of medicine, are recom-
mended for the treatment of liver disorders (Chatterjee 2000).
Natural remedies from medicinal plants are considered to be
effective and safe treatments for hepatotoxicity. Liver ailments
are mainly caused by toxic chemicals (Eesha et al. 2011). The
free radical reactions responsible for the pathogenesis of liver
injury have been investigated in a few defined experimental
systems using carbon tetrachloride, excess iron, or ethanol as
pro-oxidant agents. The damaged and injured hepatocytes
have been investigated to be the sequential progression of
activated oxygen species, covalent binding, and lipid perox-
idation (Geesin et al. 1990). Origanum vulgare Linn., family
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Lamiaceae, posseses a remarkable medicinal potential to
combat the many physiological disorders. The genus
Origanum is represented by over 44 species, 6 subspe-
cies, 3 botanical varieties, and 18 naturally occurring
hybrids. Only the species, O. vulgare, found in India
(Rao et al. 2011). The essential oil along with other
secondary metabolites approve its wide application for
antihyperglycaemic (Lemhadri et al. 2004), anti-
inflammatory (Kelm et al. 2000), cytotoxic (Sivropoulou
et al. 1996), antioxidant (Sahin et al. 2004; Milos et al. 2000),
antifungal (Ertas et al. 2005), antibacterial (Bayder et al. 2004;
Avadhani et al. 1999; Viuda-martos et al. 2008), antithrombin
(Goun et al. 2002), antimutagenic and anticarcinogenic effects
(Lozano et al. 2004). Some reports deal with the presence of
three DPPH (2,2-diphenyl-1-picrylhydrazyl) free radical
scavengers-4′-O-β-D-glucopyranosyl-3′, 4′-dihydroxybenzyl
protocatechuate, 4′-O-β-D-glucopyranosyl-3′,4′-didehydrox-
ybenzyl, 4′-dihydroxybenzyl 4-O-methylprotocatechhuate,
4′-O-β-D-glucopyranosyl-4′hydroxybenzyl protocatechuate
(Matsura et al. 2003), and five antioxidant phenolic com-
pounds (Kikuzaki and Nakatani 1989). The phytochem-
ical studies confirm the presence of large number of
polar constituents which support antioxidant potential
(Koukoulitsa et al. 2006). O. vulgare (OV) essential
oil is reported to have the major compounds as carva-
crol and thymol (Tian and Lai 2006). Nowadays, ap-
proximately 80 % of the world's population prefers the
traditional, plant-based medicines for their primary
health care (Cosge et al. 2009).

The literature survey revealed the insufficient validated
scientific reports on hepatoprotection, hence the aim of the
present study was to evaluate the hepatoprotective effect of
aqueous extract of leaves of O. vulgare. In view of this, the
present study was undertaken to investigate the hepatopro-
tective activity of O. vulgare leaves extract against CCl4-
induced hepatotoxicity in Wistar rats.

Materials and method

Collection and authentication of plant

Kilmora herbs were collected at authenticated by
Kumaun Grameen Udyog, PO Kasiyalekh, Nanital District,
Uttarakhand, India.

Preparation of the aqueous extract

One-gram oregano leaves were minced in water, boiled in
distilled water until half of volume, and then filtered to
obtain the aqueous extract. The extract is concentrated under
vacuum until dry and dissolved in water to the final desired
concentration.

Experimental animals

Male Wistar rats (130±10 g), 4–6-week-old, were obtained
from Central Animal House of Hamdard University, New
Delhi. They were housed in polypropylene cages in groups
of eight rats per cage and kept in a roommaintained at 25±2 °C
with a 12-h light/dark cycle. They were allowed to acclimatize
for 1 week before the experiments and were given free access
to standard laboratory feed (Amrut Laboratory, rat and mice
feed, Navmaharashtra Chakan Oil Mills Ltd, Pune, India) and
water ad libitum. Approval to do animal experimentation was
obtained from Institutional Animal Ethics Committee regis-
tered under the Committee for the Purpose of Control and
Supervision of Experimental Animals (173/CPCSEA).

Chemicals and reagents

TBA (thiobarbituric acid) and TCA (trichloroacetic acid)
were purchased from Merck (Germany). Carbon tetrachlo-
ride (CCl4) and all other chemicals and reagents were of the
analytical grade, supplied by S. Merck (India). 1-chloro-2,4-
dinitrobenzene (CDNB) was purchased from Himedia
(India) and bovine serum albumin was purchased from
Sigma Chemical Company USA.

Experimental protocols

Rats were randomly divided into six groups with eight
animals in each group. The experimental design and treat-
ment protocol were as follows:

Control (C): Normal control, animals were orally ad-
ministered saline only.
C+OV: Only OV was given orally (150 mg/kg body
weight) for 15 days.
CCl4: Single dose of CCl4 was given intraperitoneally
(2 ml/kg body weight).
CCl4+OV1: CCl4+50 mg/kg body weight OV was
given orally for 15 days.
CCl4+OV2: CCl4+100 mg/kg body weight OV orally
was given orally for 15 days.
CCl4+OV3: CCl4+150 mg/kg body weight OV orally
was given orally for 15 days.

Hepatotoxicity was induced in CCl4, CCl4+OV1, CCl4+
OV2 and CCl4+OV3 groups by an injection of CCl4 (2 ml/
kg body weight, 1:1 with Olive oil i.p.). The aqueous extract
of OV was administered orally for 15 days through gavage.

Tissue preparation

At the end of experimental periods, the rats were anesthe-
tized by ether inhalation and blood was collected from the
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dorsal aorta. Serum was separated by centrifugation at
4,000 rpm for 10 min and stored at −80 °C before analysis.
Rats were then sacrificed, and their livers were excised

immediately and perfused with ice-cold saline. To prevent
auto-oxidation or ex vivo oxidation of the tissue, homoge-
nization was carried out at 4 °C in 0.1 M phosphate-buffer
(pH 7.4) containing protease inhibitors: 5 mM leupeptin,
1.5 mM aprotinin, 2 mM phenylethylsulfonylfluoride
(PMSF), 3 mM pepstatin A, and 10 mM EDTA, 0.1 mM
EGTA, 1 mM benzamidine, and 0.04 % butylated hydrox-
ytoluene. The homogenate was centrifuged at 800×g for
5 min at 4 °C to separate the nuclear debris and supernatant
was used for estimation of thiobarbituric-reactive substances
(TBARS). The supernatant was further centrifuged at
10,000×g for 20 min at 4 °C to get the post-mitochondrial
supernatant (PMS), which was used for various biochemical
assays.

Biochemical estimations

Assay for serum ALT and AST activity

The serum enzymes were assayed using diagnostic kits
provided by Span, and the procedure was followed as de-
scribed by Reitman and Frankel (1957).

Assay for alkaline phosphatase activity

Alkaline phosphatase (ALP) activity was determined by
the Span diagnostic kit, and procedure was followed as
described by Kind and King (1954).
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Fig. 1 a, b, c Effect of OV supplementation on ALT, ALP, and AST
levels. Values are expressed as mean±S.E.M. (n08). CCl4 group
showed significant increase in ALT, ALP, and AST levels compared
to the control group (a, P<0.05 CCl4 vs. control group). O. vulgare
supplementation significantly decreased ALT, ALP, and AST levels in
the CCl4+OV3 (150 mg/kg) group compared to the CCl4-induced
hepatotoxic group (b, P<0.05 CCl4+ OV3 vs. CCl4 group)
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Fig. 2 Effect of OV supplementation on MDA levels. Values are
expressed as mean±S.E.M. (n08). CCl4 group showed significant
increase in MDA levels compared to the control group (a, P<0.05
CCl4 vs. control group). O. vulgare supplementation significantly
decreased MDA levels dose dependently in the CCl4+OV3 (150 mg/
kg) groups compared to the CCl4-induced hepatotoxic group (b, P<
0.05 CCl4+ OV3 vs. CCl4 group)
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Assay for malonaldehyde

Malonaldehyde (MDA) is a measure of the end product of
lipid peroxidation. It was measured as described byOhkawa et

al. (1979). Briefly, the reagents: 1.5 ml acetic acid (20 %)
pH 3.5, 1.5 ml thiobarbituric acid (0.8 %), and 0.2 ml sodium
dodecyl sulfate (8.1 %) were added to 0.1 ml of PMS sample.
The mixture was then heated at 100 °C for 1 h. The mixture
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was then cooled, 5 ml of n-butanol/pyridine [15:1 %, v/v] and
1 ml of distilled water was added and shaken vigorously. After
centrifugation at 4,000 rpm for 10 min, the organic layer was
separated, and the absorbance was measured at 532 nm using
a spectrophotometer (Shimadzu-1601, Japan). The amounts
of MDA formed in each of the samples were expressed as the
nmol MDA formed/min/mg protein by using a molar extinc-
tion coefficient of 1.56×105 M−1cm−1

.

Assay for catalase

CAT activity was assayed by the method of Claiborne
(1985). Briefly, the assay mixture consisted of 0.05 M
phosphate-buffer (pH 7.0), 0.019 M hydrogen peroxide
(H2O2), and 0.05 ml PMS in a total volume of 3.0 ml.
Changes in absorbance were recorded at 240 nm. CAT
activity was expressed as nanomoles of H2O2 consumed
per minute per milligrams of protein.

Assay for GST

The activity of GST was measured by the method of
Habig et al. (1974). The reaction mixture consisted of
1.0 mM GSH, 1.0mM CDNB, 0.1 M phosphate buffer
(pH 7.4), and 0.1 ml of PMS in a total volume of
3.0 ml. The change in absorbance was recorded at
340 nm and enzyme activity was calculated as

nanomoles of CDNB conjugate formed per minute per
milligram of protein using molar extinction coefficient
of 9.6×103 M−1 cm−1.

Assay for superoxide dismutase

SOD activity was measured with some modifications (Ste-
vens et al. 2000). The reaction mixture contained 0.8 ml of
50 mmol/l glycine buffer (pH 10.4), and 0.2 ml PMS. The
reaction was initiated by the addition of 0.02 ml of a 20 mg/
ml solution of (−)epinephrine. Absorbance was recorded at
480 nm in a spectrophotometer. SOD activity was expressed
as nanomoles of (−)epinephrine protected from oxidation by
the sample compared with the corresponding readings in the
blank cuvette. The molar extinction coefficient of 4.02×
103 M−1cm−1 was used for calculations.

Assay for GPx

GPx (EC 1.11.1.9) activity was measured by the coupled
assay method of Wheeler et al. (1990) in which oxidation of
GSH was coupled to NADPH oxidation, catalyzed by GR.
The reaction mixture consisted of 0.2 mM H2O2, 1 mM
GSH, 1.4 unit of GR, 1.43 mM NADPH, 1 mM sodium
azide, PMS (0.1 ml), and PB (0.1 M) in total volume of
2.0 ml. GPx activity was defined as nanomoles NADPH
oxidized per minute per milligram of protein, using a molar
extinction coefficient of 6.22×103 M−1 cm−1.

Assay for GR

GR (EC 1.6.4.2) activity was measured by the method of
Carlberg and Mannerviek (1975). The assay system con-
sisted of 0.1 MPB (pH 7.6), 0.5 mM EDTA, 1 mM GSSH,
0.1 mM NADPH, and PMS (0.1 ml) in a total volume of
2.0 ml. The enzyme activity was quantitated at 25 °C by
measuring the disappearance of NADPH at 340 nm, and
calculated as nmol NADPH oxidized min−1 mg−1 protein,
using a molar extinction coefficient of 6.22×103 M−1 cm−1.

Assay for GSH

Reduced GSH content was determined by the method of
Jollow et al. (1974), with slight modification. PMSwas mixed
with 4.0 % sulfosalicylic acid (w/v) in a 1:1 ratio (v/v). The
samples were incubated at 4 °C for 1 h, and later centrifuged at
1,200×g for 15 min at 4 °C. The assay mixture contained
0.1 ml of supernatant, 1.0 Mm DTNB, and 0.1 MPB (pH 7.4)
in a total volume of 1.0 ml. The yellow color that developed
was read immediately at 412 nm in a spectrophotometer
(Shimadzu-1601, Japan). The GSH content was calculated
as millimolrs of GSH per milligram of protein, using a molar
extinction coefficient of 13.6×103 M−1 cm−1.

�Fig. 3 a Effect of OV supplementation on CAT activity. Values are
expressed as mean±S.E.M. (n08). CCl4 hepatotoxic group showed
significant decrease in CAT activity compared to the control group (a,
P<0.05 CCl4 vs. control group). O. vulgare supplementation signifi-
cantly increased CAT activity in the CCl4+ OV3 (150 mg/kg) group as
compared to the CCl4-induced hepatotoxic group (b, P<0.05 CCl4+
OV3 vs. CCl4 group). b Effect of OV supplementation on GST activity.
Values are expressed as mean±S.E.M. (n08). CCl4 group showed
significant decrease in GST activity compared to the control group
(a, P<0.05 CCl4 vs. control group). O. vulgare supplementation sig-
nificantly increased GST activity in the CCl4+OV3 (150 mg/kg) group
compared to the CCl4-induced hepatotoxicity (b, P<0.05 CCl4+ OV3
vs. CCl4 group). c Effect of O. vulgare supplementation on SOD
activity. Values are expressed as mean±S.E.M. (n08). CCl4 hepato-
toxic group showed significant decrease in SOD activity compared to
the control group (a, P<0.05 CCl4 vs. control group). OV supplemen-
tation significantly increased SOD activity in the CCl4+ OV3 (150 mg/
kg) group compared to the CCl4-induced hepatotoxic group (b, P<0.05
CCl4+OV3 vs. CCl4 group). d Effect of O. vulgare treatment on GPx
activity. Values are expressed as mean±S.E.M. (n08). CCl4 hepato-
toxic group showed significant decrease in GPx activity as compared to
the control group (a, P<0.05 CCl4 vs. control group). OV treatment
significantly increased GPx activity in the CCl4+ OV3 (150 mg/kg)
group compared to the CCl4-induced hepatotoxic group (b, P<0.05
CCl4+OV3 vs. CCl4 group), e Effect of O. vulgare treatment on GR
activity. Values are expressed as mean±S.E.M. (n08). CCl4 hepato-
toxic group showed significant decrease in GR activity as compared to
the control group (a, P<0.05 CCl4 vs. control group). OV treatment
significantly increased GR activity in the CCl4+ OV3 (150 mg/kg)
group compared to the CCl4-induced hepatotoxic group (b, P<0.05
CCl4+OV3 vs. CCl4 group)
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Estimation of proteins

The protein concentration in all samples was determined by
the Lowry method (Lowry et al. 1951), using bovine serum
albumin as standard.

Histological examinations

For histological examinations, liver sections from different
groups were stained with hematoxylin and eosin (H and E).
Briefly, at end of experiment, the rats were anesthetized with
ether and perfused transcardially with saline. Livers were
removed quickly and postfixed in buffered formalin (10 %)
for 24 h. After fixation was completed, slices (3–4 mm) of
these tissues were dehydrated and embedded in paraffin. At
least four cross-sections were taken from each tissue in 5-μm
thickness and stained with H and E. Following two washings
with xylene (2 min each), tissue sections were mounted with
DPX mountant. The slides were observed for histopatholog-
ical changes and microphotographs were taken using an
Olympus BX50 microscope system (Olympus, Japan).

Statistical analysis

All the result are expressed as mean±SEM (n08). Statistical
analysis of the data was obtained via analysis of variance,
followed by Tukey's test. P<0.05 was considered statisti-
cally significant.

Results

The hepatoprotective effects were revealed after experimen-
tal protocol of 15 days. Animals were treated with carbon
tetrachloride and showed a significant hepato-necrosis and
oxidative stress. When the stress and damage to hepatocytes
for this group were compared to the normal group biochem-
ically, the increased levels of serum alanine amino transfer-
ase (ALT), aspartate amino transferase (AST), ALP, and
lipid peroxide (LPO) levels were found (P<0.05); whereas
the levels of CAT, GST, SOD, GPx, GR, and GSH were
found to be decreased (P<0.05).

Effect of OV leaves extarct on serum ALT, ALP, and AST
activity

The effects of OV leaves extract on ALT, ALP, and AST
levels were measured to demonstrate the activities of these
enzymes in liver of CCl4-induced hepatotoxic groups. There
were no significant changes in ALT, ALP, and AST levels in
the control+OV-treated group as compared to control group.

These parameters were significantly (P<0.05) increased in
the CCl4 group compared to the control group. Levels of
ALT, ALP, and AST in the CCl4 group decreased signifi-
cantly (P<0.05) with OV supplementation in the CCl4+
OV3 group (Fig. 1a, b, and c).

OV leaves extract supplementation decreased MDA levels
in the CCl4-induced hepatotoxicity

The effects of OV extract on MDA levels were measured to
demonstrate the rate of LPO in liver of CCl4-induced hepato-
toxic group. There were no significant changes inMDA levels
in the control+OV-treated group compared to control group.
These parameters were significantly (P<0.05) increased in the
CCl4 group as compared to the control group. Levels of MDA
in the CCl4 group decreased significantly (P<0.05) with OV
supplementation in the CCl4+OV3 group (Fig. 2).

Effect of OV leaves treatment on the activity of antioxidant
enzymes in the liver of control and experimental groups

Effects of OV leaves extract on the activity of CAT, GST,
SOD GPx, and GR in the CCl4-induced hepatotoxic group
and control groups (Fig. 3a–e). The activity of GST, CAT,
SOD GPx, and GR in control+OV group did not change
significantly as compared to the control group. On the other
hand, the activities of these enzymes were depleted signif-
icantly (P<0.05) in the CCl4-induced hepatotoxic group as
compared to the control group. The OV significantly (P<
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Fig. 4 Effect of OV supplementation on GSH content in the liver.
Values are expressed as mean±S.E.M. (n08). The CCl4 group showed
significant decrease in GSH content compared to the control group (a,
P<0.05 CCl4 vs. control group). O. vulgare supplementation signifi-
cantly increased GSH content in the CCl4+OV3 (150 mg/kg) group
compared to the CCl4-induced hepatotoxicity (b, P<0.05 CCl4+ OV3
vs. CCl4 group)
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Fig. 5 a, b Photomicrographs
showing histopathological
changes in liver tissue. Control
group (×100) showing normal
liver architecture. PT portal triad,
CV central vein. Same section at
×400 showing details of a normal
PT, PV portal vein, BD bile duct,
HA hepatic artery. c, d Liver
group (C+OV), at low power
(×100) showing normal arrange-
ment of cells in the liver lobule.
PT portal triad and CV central
vein. Same section at high power
(×400) showing centrizonal area.
e, f Liver Group (CCl4), at low
power (×100) showing vacuola-
tion of hepatocytes and focal ne-
crosis in the centrizonal area. PT
portal triad and CV central vein.
Same section at high power
(×400) showing hepatocytic ne-
crosis (N) and evident vacuolation
(arrow) of hepatocytes. g, h Liver
group (CCl4+50 mg/kg body
weight; drug,) at low power
(×100) showing moderate sinu-
soidal dilatation in the centrizonal
area. No necrosis or hepatocytic
vacuolation is seen. PT portal tri-
ad and CV central vein. Same
section at high power (×400)
showing moderate degree of si-
nusoidal dilatation. i, j Liver
group (CCl4+100 mg/kg body
weight; drug), at low power
(×100) showing moderate sinu-
soidal dilatation in the centrizonal
area. PT portal triad and CV cen-
tral vein. Same section at high
(×400) power showing the same.
k, l Liver group (CCl4+150 mg/
kg body weight; drug), at low
power (×100) showing mild si-
nusoidal dilatation in the centri-
zonal area. PT portal triad and CV
central vein. Same section at high
power (×400) showing the same.
Scale bar 100 μm at ×100 and
20 μm at ×400 magnifications
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0.05) increased the activity of these enzymes in the CCl4+
OV3 groups as compared to the CCl4 group.

OV leaves treatment restored GSH in the CCl4-induced rat
model of hepatotoxicity

Level of GSH did not affect by OV supplementation in the
control+OV-treated group compared to the control group.
However, a significant (P<0.05) depletion in GSH was
observed in the CCl4-induced hepatotoxic group compared
to the control group. OV supplementation significantly (P<
0.05) restored GSH level in the CCl4+OV3 (150 mg/kg
body weight) group compared to the CCl4 group (Fig. 4).

Histopathological observation

H and E staining is used to visualize and differentiate between
tissue components in normal and pathological conditions. The
histological examination of the H and E-stained control liver
tissues showed normal architecture of hepatocytes (Fig. 5a, b).
Liver section of CCl4-induced hepatotoxic group showed
necrosis (N) and vacuolization (arrow) of hepatocytes
(Fig. 5e, f). The CCl4+OV (50 and 100 mg/kg body weight)
groups that received OV leaves extract showed normal hepatic
parenchyma except for only moderate sinusoidal dilatation in
centrizonal area of liver section (Fig. 5g–j). Maximum protec-
tion was found in CCl4+OV3 (150 mg/kg body weight)
groups with mild sinusoidal dilatation of hepatocytes
(Fig. 5k, l). OV supplementation did not show any remarkable
effects in the group treated with OValone compared with the
control group (Fig. 5c, d).

Discussion

The present study demonstrates the role of OV in protecting
against CCl4-induced hepatotoxicity and this study showed
the effective hepatoprotection of aqueous extract of OV
leaves against CCl4-induced toxicity. It is a commonly used
hepatotoxin (Lee et al. 2010) metabolized in the liver to
excretable glucuronide and sulfide conjugates (Jollow et al.

1974). As we all know, the specificity of CCl4 towards the
liver damage by metabolic activation also maintains the
semi-normal metabolic functions. The estimation of the
serum enzyme is always a useful quantitative marker of
the extent and class of liver damage (Sreelatha et al.
2009). The protective effect of O. vulgare in different doses
was an indication of plasma membrane stabilization as well
as repair and regeneration of damaged hepatic tissues caused
by CCl4. The increased serum level estimation of AST, ALT,
and ALP, along with the decrease level of LPO, GST,
catalase, SOD, GPx, and GR, point towards cellular leakage
and loss of functional integrity of hepatocytes (Rajesh and
Latha 2004).

Available research studies on the antioxidant potential of
flavonoids and triterpinoids reveal their stimulatory actions
on antioxidative enzymes (i.e., SOD, GPx, GR, GST, and
CAT). Some flavonoids exert a stimulatory effect on protein
synthesis and gene expression of specific antioxidant
enzymes (Rohrdanz et al. 2002) which play a defensive role
to damaged hepatic tissues. The present study favors the
ameliorative effect of aqueous extract of O. vulgare on
oxidative stress induced by CCl4.

Significant elevation in the activities of serum hepatospe-
cific enzymes was seen when hepatocellular damage leads
to abnormalities of liver function (Malik et al. 2012). It has
been reported that these enzymes (AST, ALT, and ALP)
exhibit higher activity in abnormally functioning liver, thus
establishing themselves as index of liver function recovery
degree in liver transplant patients (Simonsen and Uirji
1984). A significant increase in ALT, ALP, and AST enzyme
levels in serum has also been reported after inducing hepa-
tocellular tumors by administering CCl4 in rats (Kim et al.
1994). In the present study, the high levels of ALT and AST
confirm the hepatocellular degeneration and decrease by the
administration of OV extract. The most significant levels of
ALT, ALP, and AST were seen in CCl4+OV3 (150 mg/kg
body weight) groups. Another sensitive indicator of hepato-
cyte injury is the release of intracellular enzyme ALP in the
circulation (Jagan et al. 2008). The measurement of phos-
phatase activity is a useful indicator of liver function (Kim
et al. 1994). Our results have shown the elevated levels of

k l
Fig. 5 (continued)
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ALP after CCl4 administration, confirming the liver damage
and this damaged significantly improved by the administra-
tion of OV in CCl4+OV3 groups.

Oxidative stress is one of the key factors during carcino-
genesis (Banaker et al. 2004). Lipid peroxidation, a destruc-
tive process of liver damage due to CCl4 intoxication
(Mondal et al. 2011) processed by biotransformation of
CCl4. It is one of the most studied biologically relevant free
radical chain reactions and is initiated by the attack of a free
radical on a fatty acid or fatty acyl side chain of any
chemical species that has sufficient reactivity to extract a
hydrogen atom from a methylene carbon side chain. Lipid
peroxidation may lead to the formation of several toxic
byp r oduc t s s u ch a s ma l ond i a l d ehyde and 4 -
hydroxynonenal, which can attack cellular targets including
DNA, inducing mutagenecity and carcinogenicity (Zawart
et al. 1999; Banaker et al. 2004). There was a significant
increase in the levels of lipid peroxidation in CCl4-induced
hepatotoxic groups vis-à-vis the controls but the improved
levels of MDA contents were seen after supplementation of
OV extract and highest improvement was found in CCl4+
OV3 groups.

The changes in hepatic oxygen radical metabolism were
demonstrated by measurement of antioxidant enzymes such
as CAT, GST, SOD, GPx, and GR activity (Halliwell and
Gutteridge 1989; Rathore et al. 2000). SOD catalyzes dis-
mutation of O2·− to H2O2, which is then deactivated to H2O
by CAT (Aebi 1984; Kumuhekar and Katyane 1992). Ab-
normal liver cells show a decrease in the activities of SOD
and CAT though the mechanism is still unclear. As CAT and
SOD are the two major scavenging enzymes that remove
radicals in vivo, a decrease in activity of these antioxidants
can lead to an excess availability of superoxide anion (O2·−)
and hydrogen peroxide (H2O2), which in turn generate hy-
droxyl radicals (·OH), resulting in initiation and propagation
of lipid peroxidation. In the present study, we report that the
levels of these antioxidative enzymes were also decreased in
experimental groups vis a vis control groups. GSH plays an
important role in the antioxidant defense system. It is sug-
gested that the decrease in GSH level could be the result of
decreased synthesis, or increased degradation of GSH
caused by oxidative stress in hepatotoxicity (Shaarawy et
al. 2009). GSH is a direct scavenger of free radicals and has
a multifaceted role in antioxidant defense. Besides being a
direct scavenger of free radicals, it is also substrate for GST.
The depletion of GSH content also may lower GST activity
due its role in GST activity (Rathore et al. 2000; Hwang et
al. 2007). GPx catalyzes the reaction of hydroperoxides with
GSH to form glutathione disulphide. GPx uses GSH as a
proton donor, converts H2O2 to water and molecular oxy-
gen; in this process GSH is oxidized to GSSG, which is
reconverted to GSH by the action of enzyme GR, thus
maintaining the pool of GSH. A significant decrease in

GPx and GR activity could suggest inactivation by reactive
oxygen species, which are increased in hepatotoxic rats
(Gupta et al. 2006). The decrease may also be due to the
decreased availability of its substrate, GSH, which has been
shown to be depleted during toxicity (Gupta et al. 2006;
Kumar et al. 2008). It has been demonstrated that the activ-
ity of these antioxidant enzymes (GST, CAT, SOD, GPx,
and GR) decrease in hepatotoxic rats (Gupta et al. 2006).

In the present study, we report that the levels of these
antioxidative enzymes were also decreased in CCl4 groups
as compared to control groups but the treatment with OV
prevented lipid and protein oxidation by enhancing the level
of GSH and the status of antioxidant enzymes in the CCl4+
OV groups. These results are consistent with previous
reports that OV has the ability to enhance the status of
antioxidant enzymes and protect them from oxidative dam-
age (Wei et al. 1997; Nelson et al. 1998; Packer et al. 1999;
Milos et al. 2000). Studies have demonstrated that OV
directly inhibits the activity of enzymes which are involved
in reactive oxygen species generation, such as cyclooxyge-
nase, protein kinase C, NADH oxidase, and xanthine oxi-
dase (Goze et al. 2009).

In conclusion, the present finding showed that OV pos-
sesses several beneficial properties including control of
hepatotoxicity, control the liver function enzyme levels,
not only to normalize the antioxidative enzyme levels but
also to provoke the benefits of regeneration and repairment
of the insulted hepatocytes. Thus, OV may be implicated as
a preventive agent against hepatotoxicity. However, more
work is warranted to elucidate its myriad mechanisms of
action.
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