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ABSTRACT. The present study was undertaken to investigate the possible protective effect of L-carnosine (CAR),
an endogenous dipeptide of alanine and histidine, on carbon tetrachloride (CCly)-induced hepatic injury. Liver
injury was induced in male Sprague-Dawley rats by intraperitoneal (i.p.) injections of CCly, twice weekly for six
weeks. CAR was administered to rats daily, at dose of 250 mg/kg, i.p. At the end of six weeks, blood and liver
tissue specimens were collected. Results show that CAR treatment attenuated the hepatic morphological changes,
necroinflammation and fibrosis induced by CCly, as indicated by hepatic histopathology scoring. In addition, CAR
treatment significantly reduced the CCls-induced elevation of liver-injury parameters in serum. CAR treatment
also combated oxidative stress; possibly by restoring hepatic nuclear factor erythroid 2-related factor 2 (Nrf-2)
levels. Moreover, CAR treatment prevented the activation of hepatic stellate cells (HSCs), as indicated by reduced
a-smooth muscle actin («-SMA) expression in the liver, and decreased hepatic inflammation as demonstrated by a
reduction in hepatic tumor necrosis factor-o. (TNF-a) and restoration of interleukin-10 (IL-10) levels. In conclusion,
CCly-induced hepatic injury was alleviated by CAR treatment. The results suggest that these beneficial, protective
effects are due, at least in part, to its anti-oxidant, anti-inflammatory and anti-fibrotic activities.
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Liver fibrosis is a serious health problem worldwide, with
significant morbidity and mortality [1]. Fibrosis is the
wound healing response of the liver to repeated injury
induced by many factors, including viral infection, drugs
and toxins, alcoholic liver disease and autoimmune liver
diseases [2]. Without elimination of these etiological
agents, liver fibrosis normally progresses to cirrhosis, and
distortion of the normal architecture of the liver culminat-
ing in liver failure, portal hypertension and hepatocellular
carcinoma (HCC) [3].

Various processes are involved in the development of
fibrotic lesions: activation of Kupffer cells by damaged
hepatocytes and infiltrating macrophages [4]; release of
inflammatory cytokines, growth factors and reactive oxy-
gen species (ROS) by activated Kupffer cells [5]; activation
of hepatic stellate cells (HSCs) induced by the paracrine
action of pro-inflammatory and pro-fibrogenic cytokines
produced by the Kupffer cells and hepatocytes [6]; as well
as fibrosis evoked by activated HSCs, with accumulation of
extracellular matrix (ECM) proteins, and subsequent qual-
itative and quantitative alterations in ECM composition
[7].

Carbon tetrachloride (CCly)-induced liver injury is a com-
mon and validated model in rats [8]. CCly is metabolized
by cytochrome P450 to toxic free radicals [9]. These

radicals covalently bind to cellular macromolecules and
consequently lead to liver injury by causing membrane
lipid peroxidation, hypomethylation of nucleic acids, dis-
turbance of calcium homeostasis, excessive production
of inflammatory cytokines, fibrosis, cirrhosis, cell death,
and cancer, depending on the dose and exposure time
[10].

Nuclear factor erythroid 2-related factor 2 (Nrf2) is a
redox-sensitive transcription factor that is essential for the
protection of various tissues. It acts through the control of
the antioxidant response element (ARE)-mediated expres-
sion of cellular phase II detoxifying enzymes, and diverse
antioxidants, in response to oxidative and electrophilic
stress [11]. Under normal conditions, Nrf2 expression
is suppressed by Kelch-like ECH-associated protein 1
(Keapl) in the cytoplasm. Upon activation, Nrf2 is released
from Keapl, escapes Keapl-mediated suppression, and
translocates into the nucleus where it binds to the ARE
and subsequently induces prompt expression of target cyto-
protective genes that confer cellular protection and remove
damage evoked by oxidative stress [12].

L-carnosine (B-alanyl-L-histidine, CAR) is a naturally
occurring dipeptide that was first described in the 19 cen-
tury [13]. CAR was reported to possess diverse biological
activities, including antioxidant activity, neurotransmitter
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functions, anti-inflammatory and anti-aging, membrane
protection, and pH buffering properties [14]. In the context
of antioxidant activity, CAR is known to potently scavenge
ROS and aldehydes, chelate pro-oxidant metals, and inhibit
lipid peroxidation, protein oxidation, and advanced glyca-
tion end product (AGE) formation [15]. Therefore, it is not
surprising that CAR was proposed to effectively prevent
oxidative stress-induced pathological conditions, includ-
ing atherosclerosis [16], diabetic complications [17], aging
[18], neuronal damage [19] and Alzheimer’s disease [20].
Specifically, CAR was found to effectively prevent hepatic
oxidative stress due to ischemia—reperfusion, liver necrosis
and alcoholic and non-alcoholic fatty liver [21, 22], thioac-
etamide (TAA)-induced liver damage, and liver necrosis
[23]. However, the potential ameliorating effect of CAR
in CCly-induced hepatic injury, in association with Nrf2
up-regulation, has not yet been investigated. In the present
study therefore, we aimed to evaluate the protective effects
of CAR on CCly-induced oxidative hepatic injury and
inflammatory responses, and to delineate the mechanisms
underlying these protective effects in rats.

MATERIALS AND METHODS

Animals

Male Sprague-Dawley rats, (180-200 g) were purchased
from the Urology and Nephrology Center-Experimental
Animal Center, Mansoura University, Mansoura, Egypt
and housed in a certified animal care facility, under con-
trolled environmental conditions, at room temperature
22 £ 2°C and a 12-hour light-dark cycle, and were
allowed access to food and water ad libitum. The study
was conducted in compliance with the ethical guidelines
for investigations in laboratory animals, and the experi-
mental design was approved by the Ethical Committee of
the Faculty of Pharmacy, Mansoura University, Mansoura,

Egypt.

Experimental design

After one week of acclimatization, rats were randomized
into three equivalent groups (n = 10 in each group), as
follows: (1) control group: Rats received biweekly olive oil
(2 ml/kg, i.p.), in addition to 5% carboxymethyl cellulose
(CMC, 1 ml/kg/day, i.p.), twice weekly for six weeks to
serve as a negative control group. (2) CCly group: Rats
received 50% (v/v) CCly in olive oil (2 ml/kg, i.p.), twice
a week for six weeks. (3) CAR group: Rats received CCly
in olive oil (2 ml/kg, i.p.), twice a week, as well as daily
CAR (250 mg/kg, i.p.) for six weeks. The dose of CAR
was selected based on previous studies that reported the
antioxidant effects of CAR [23, 24].

Animal sacrifice and sample collection

At the end of the study period, animals were sacrificed
and blood samples were collected via puncture of the
retro-orbital venous plexus using heparinized capillary
hematocrit tubes. Blood was centrifuged at 3000 rpm for
five minutes, and serum samples were separated and stored
at -80 C until they were analyzed. Liver tissues were iso-
lated, rinsed in ice-cold saline and homogenized (10% w/v)
inice-cold, sodium phosphate buffer (0.01 M, pH 7.4) con-

taining 1.15% KCI. The homogenates were centrifuged at
3000 rpm for 20 min at 4’C. The supernatant was collected
and stored at -80 C until use.

Biochemical determinations

Biochemical markers of liver injury, including serum
alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST, ELITech, France), y-glutamyl transpeptidase
activities (GGT, VITRO SCIENT, Germany), albumin
(Diamond Diagnostics, Egypt), and total bilirubin levels
(Biodiagnostics, Egypt) were determined using commer-
cial kits according to the manufacturer’s instructions.

Hepatic oxidative stress parameters

Levels of superoxide dismutase (SOD), malondialdehyde
(MDA), and glutathione (GSH) in liver homogenates were
assessed using kits from a biodiagnostic company (Cairo,
Egypt) as follows:

The hepatic thiobarbituric acid reactive species concentra-
tion (TBARs), mainly MDA, was measured as described
previously [25]. In brief, after precipitation of proteins by
trichloroacetic acid, thiobarbituric acid reacts with MDA
to form thiobarbituric acid-reactive substance that is mea-
sured spectrophotometrically at 532 nm.

Hepatic SOD activity was determined using the phenazine
methosulfate method [26], in which the ability of the
enzyme to inhibit the phenazine methosulfate-mediated
reaction of nitroblue tetrazolium dye is measured as an
indication of SOD activity.

The concentration of hepatic, acid-soluble thiols, mainly
GSH, in the liver homogenate was measured according to
the method described by Ellman, 1959 [27]. This method
is based on the development of a relatively stable yellow
color, when DTNB (5-5’ dithionine 2-nitrobenzoic acid) is
added to a sulfhydryl compound. The yellow color devel-
oped was measured spectrophotometrically at 412 nm.

Assessment of NO level

NO levels in liver tissue were determined using a kit
from (Biodiagnostics, Cairo, Egypt) according to manufac-
turer’s instructions. Briefly, NO was converted into nitrous
acid in acidic medium. The nitrous acid was then diazotized
with sulfanilamide. The product was then reacted with N-
(1-naphthyl) ethylene diamine to produce azo dye that was
measured spectrophotometrically at 540 nm.

Enzyme-linked immunosorbent assay

An ELISA was used to assess hepatic nuclear levels of
Nrf2 (MyBioSource Company, San Diego, USA), and
tumor necrosis factor-a (TNF-a) and interleukin-10 (IL-
10) (eBioscience Inc., San Diego, CA, USA), according to
the manufacturers’ instructions.

Hepatic histopathological and immunohistochemical
evaluations

Liver tissues obtained from the sacrificed rats were fixed in
4% paraformaldehyde, embedded in paraffin, cut into 3 um
sections, and stained with hematoxylin-eosin for grading of
total and individual necroinflammatory activity parameters
using Ishak’s activity index and the METAVIR algorithm
[28].



Quantification of fibrotic areas

Quantitative analysis of collagen fiber deposition in Mas-
son’s trichrome-stained liver tissues was performed using
morphometric analysis. Briefly, a total of 30 fields, rep-
resenting ten fields each of medium-sized portal areas,
medium-sized central veins, and parenchyma, were ran-
domly chosen for each rat, and images were taken with a
digital camera mounted on a BX51 Olympus optical micro-
scope (Olympus Corporation, Tokyo, Japan). Collagenous
areas stained with Masson’s trichrome were extracted by
splitting the picture using Photoshop software, into green
and blue channels and analyzed using the NIH Image soft-
ware (Scion Corporation), guided by the method described
by Ishak er al. [28]. The extent of fibrosis was expressed
as the percentage of the stained area relative to the total
area. The percentages for portal area expansion, central
vein thickening, and parenchymal fibrous areas obtained
from the ten fields were each expressed as the mean =+ stan-
dard deviation. The total fibrotic area of each specimen
was calculated as the mean percentage of the three zones.
Grading of necroinflammation and quantification of fibro-
sis were assessed by a pathologist (El-Karef A), blinded to
the different animal groups.

Immunohistochemichal staining of activated HSCs

Samples were incubated with anti-a-smooth muscle
actin (a-SMA) antibody (EPOS; DakoCytomation, Kyoto,
Japan) at4 C overnight, after heating in | mM EDTA solu-
tion (pH 8) at 121 C for 5 min to retrieve the antigen.
The labeling was developed in DAB/H»>O; solution. Posi-
tive cells within the parenchyma and developing septa and
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their interfaces were counted in 15 randomly selected fields
under a x40 objective lens, excluding the vascular cells of
the central veins and portal areas.

Statistical analysis

Experimental data were statistically analyzed using Prism
software (Graph Pad, San Diego, CA, USA). Values were
expressed as means £ SEM, and differences between
groups were tested for significance using analysis of
variance (ANOVA), followed by Tukey’s post hoc test.
Statistical significance was predefined as p<0.05.

RESULTS

CAR treatment attenuates CCly-induced
liver dysfunction

Serum aminotransferases and GGT activities, as well as
serum albumin and total bilirubin levels were used as
biochemical indicators of liver damage. As shown in
figure 1, serum ALT, AST and GGT activities significantly
increased 8.8-, 4.8- and 2-fold in CCly-only-treated rats
compared to the control group, respectively. Interestingly,
CAR treatment significantly reduced serum ALT, AST and
GGT by 82.9 %, 66.1% and 52.2%, compared to the CCly-
onlytreated group. There were no significant differences
in AST, ALT and GGT activities between the CAR-treated
rats and the control rats. In parallel, marked elevations
in serum albumin and total bilirubin were observed in
the CCls-only-treated rats compared to the control group
(p<0.01 and p<0.001), respectively. On the other hand,
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Figure 1
Effects of carnosine (250 mg/kg, i.p.) on serum activities of (A) alanine aminotransferase (ALT), (B) aspartate aminotransferase (AST), (C)
vy-glutamyl transpeptidase (GGT), (D) Albumin and (E) total bilirubin in carbon tetrachloride (CCly)-induced liver injury. Data are expressed
as means & SE. Statistically significant differences are indicated as: ** p<0.01 and *** p<0.001 compared to control group; *# p<0.01 and

### p<0.001 compared to CCly-only-treated rats.
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Figure 2

Effect of carnosine (250 mg/kg, i.p.) on (A) hepatic malondialdehyde (MDA) levels, (B) reduced glutathione levels (GSH) and (C) superoxide
dismutase activity (SOD) in carbon tetrachloride (CCly)-induced liver injury. Data are expressed as means & SE. Statistically significant
differences are indicated as: *** p<0.001 compared to control group; ## p<0.001 compared to CCl4-only-treated rats.

treatment with CAR significantly reduced both total biliru-
bin and albumin levels to the normal levels of the control,
and compared to the CCls-only-treated group (p<0.05 and
p<0.001) respectively).

CAR treatment inhibits CCly-induced
hepatic oxidative stress

The effects of CAR on MDA and GSH levels, as well
as SOD activity in liver homogenate, are shown in
figure 2. Compared to the control group, CCly treatment
significantly increased hepatic MDA content (p<0.001),
and strikingly depleted GSH levels and SOD activity
(p<0.001and p<0.001) respectively, suggesting remark-
able oxidative stress and lipid peroxidation in liver tissue
compared to the control group. Treatment with CAR signif-
icantly attenuated oxidative stress and restored antioxidant
defense in hepatic tissue compared to CCls-only-treated
rats.

CAR treatment counteracts CCly-induced
inflammation in the liver

As depicted in figure 3, CCly-only-treated rats showed
marked hepatic inflammation as indicated by a signifi-
cant increase in TNF-a levels compared to the control
group (p<0.01). However, CAR treatment ameliorated
CCly-induced increases in TNF-a levels when compared
to CCly-only-treated rats (p<0.01). This finding was fur-
ther confirmed by estimating the effect of CAR treatment
on hepatic levels of anti-inflammatory cytokine IL-10.
Interestingly, CAR treatment significantly restored the
CCly-induced reduction in hepatic IL-10 levels compared
to CCly-only-treated rats (p<0.01). In addition, hepatic

NO levels were markedly increased in CCls-only-treated
rats (p<0.001). Elevated levels of NO were significantly
attenuated by CAR treatment (p<0.01).

Effect of CAR treatment on nuclear
Nrf-2 expression in rat livers

Our results showed decreased expression levels of nuclear
Nrf-2 in rat livers treated with CClsy as compared with
the control group (p<0.001). However, CAR restored the
expression levels of Nrf-2 in rat hepatic tissues (p<0.05)
compared to CCl4-only-treated rats, figure 4 .

CAR alleviates CCly-induced histological
changes in rat hepatic tissue

Histopathological analysis of liver sections stained with
hematoxylin-eosin and Masson’s trichrome revealed that
CCly4 treatment induce significant liver injury characterized
by marked necroinflammation and deposition of colla-
gen. CAR treatment significantly attenuated hepatic injury
compared to the CCls-only-treated group as indicated by
a significant reduction in the necroinflammation score
(p<0.001) compared with the CCly-only-treated group
(figures 5A, 6). In addition, CAR treatment markedly
reduced the fibrosis score (p<0.001), compared with rats
receiving CCly alone (figures 5B, 6).

Effect of CAR treatment on «-SMA expression
in rat livers

Hepatic a-SMA expression was used as an indicator of
HSC activation and the number of a-SMA-positive cells
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Effect of carnosine (250 mg/kg, i.p.) on (A) hepatic levels of tumor necrosis factor-a (TNF-a) and (B) interleukin-10 (IL-10) and (C) hepatic
NO in carbon tetrachloride (CCly)-induced liver injury. Data are expressed as means & SE. Statistically significant differences are indicated as:
*% p<0.01 and *** p<0.001 compared to control group; # p<0.01 compared to CCl4-only-treated rats.
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Effect of carnosine (250 mg/kg, i.p.) on hepatic levels of nuclear
factor erythroid 2-related factor 2 (Nrf-2) in carbon tetrachloride
(CCly)-induced liver injury. Data are expressed as means + SE.
Statistically significant differences are indicated as: ** p<0.01 com-
pared to control group; # p<0.05 compared to CCly-only-treated
rats.

per field was counted. CCly-only-treated group showed
increased hepatic a-SMA expression, with increased
numbers of a-SMA positive cells (p<0.001). CAR treat-
ment significantly reduced a-SMA expression (p<0.001)
as demonstrated by the decreased number of a-SMA -
positive cells in the CAR-treated group compared to the
group receiving CCly alone (figure 7).

DISCUSSION

In this study, we demonstrate that CAR treatment has a
preventive effect on CCls-induced rat liver injury. Several
studies have shown that CCly can induce liver dysfunction
and histopathological alterations in liver tissue [29]. The
present investigation clearly shows that CCly increased
serum levels of liver enzymes, decreased serum albu-
min, and induced hepatic morphological alterations that
reflected damage to the hepatic cells. Meanwhile, levels
of biochemical markers were markedly restored to nor-
mal by CAR treatment, which correlated well with the
histopathological examination of liver samples, suggesting
that CAR might have a beneficial, protective role against
CCly-induced damage.

Oxidative stress is a key mechanism in CCly-
hepatotoxicity [30]. CClyis metabolized into highly
toxic trichloromethyl (*CCls) and/or trichloromethyl
peroxyl (*OOCCI3) free radicals [31]. These toxic species
are capable of covalent binding to proteins and lipids,
initiating the lipid peroxidation process and with the
consequent formation of by-products such as MDA, lead-
ing ultimately to oxidative liver cell damage. Moreover,
*CCl3 was found to bind covalently to GSH, resulting
in its depletion [32]. GSH can combat oxidative stress
either directly by acting as a non-enzymatic antioxidant
or indirectly by involvement, as a cofactor or a coenzyme,
in the enzymatic detoxification reaction for ROS [33].
Moreover, SOD is an antioxidant enzyme that can be
used as an indicator of oxidative stress in cells. Raising
the levels of SOD and other antioxidant enzymes can be
used for the prevention and treatment of liver damage
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Effect of carnosine (250 mg/kg, i.p.) on (A) hepatic necroinflam-
matory score and (B) % ratio between fibrotic area to total tissue
area in carbon tetrachloride (CCl4)-induced liver injury. Data are
expressed as means £ SE. Statistically significant differences are
indicated as: *** p<0.001 compared to control group; # p<0.01
and #* p<0.001compared to CCly-only-treated rats.

[34]. Indeed, many studies have demonstrated that the
toxic, free-radical intermediates evoked by CCly lead
to oxidative imbalances, with subsequent depletion of
antioxidant enzymes [35, 36]. In the present study,
CAR treatment markedly inhibited CCls-induced oxida-
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tive stress in rat livers. It seems likely that CAR relieves
hepatic injury by upregulating antioxidant levels in the liver
which scavenge free radicals. Of note, CAR was found to
act as a potent antioxidant by the combined actions of ROS
inactivation, free radical scavenging and metal chelation
[37].

To gain a deeper insight into the possible antioxidant
mechanism of CAR, we measured the effect of CAR on
nuclear Nrf2 levels in livers of CCly-treated rats. It is now
generally accepted that inhibition of oxidation of cellu-
lar macromolecules and upregulation of the antioxidant
enzyme activity are regulated by Nrf2 [38]. Indeed, several
studies have shown that CCls-induced liver damage is asso-
ciated with dramatic decreases in Nrf-2 activity [39, 40].
Nrf2 mediates upregulation of many antioxidant enzymes
in the liver [41]. Enzymatic antioxidant defense is a funda-
mental molecular antioxidant mechanism that eliminates
ROS. Upregulation of these antioxidant enzymes results in
restoration of cellular redox homeostasis in the presence
of oxidative stress, and subsequent inactivation of delete-
rious oxidative toxicants [42]. Our results indicated that
CCly treatment resulted in a marked reduction of nuclear
Nrf-2 levels in rat livers. However, CAR treatment restored
Nrf2 expression as compared to CCls-only-treated group.
It is well established that Nrf2 accumulation in the nucleus
is an indicator of Nrf2 activation [43]. Taken together, these
results suggested that CAR treatment resulted in activation
of hepatic Nrf2, with subsequent inhibition of lipid perox-
idation. These effects are consistent with a compensation
of deficits in the hepatic antioxidant defense system after
CAR treatment.

To verify further the protective impact of CAR on
CCly-induced liver injury, we measured the levels of
inflammatory markers in rat hepatic tissue. In addition to
oxidative stress, inflammation is another important patho-
logical mechanism propagating CCls-induced liver injury.
Indeed, inflammation is considered a hallmark of early
stage liver fibrosis, which leads to continuous hepato-
cyte damage and ultimately extensive fibrosis and cirrhosis
[44]. Interestingly, it was reported that Nrf2 activation
can inhibit the expression of mediators of inflamma-
tion, such as pro-inflammatory cytokines, by regulation of
anti-inflammatory enzymes [45]. In agreement with that
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Figure 6
The upper panel showed marked necroinflammation in the CCly-group that became markedly reduced after treatment with carnosine. The lower
panel shows increased collagen deposition in the CCly group with marked reduction after treatment with carnosine (magnification x100).
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After CCly administration, a-smooth muscle-positive HSCs and/or myofibroblasts (arrows and inset) are increased around central veins and
portal areas, with marked a reduction in the carnosine-treated group compared to CCly-only-treated one (magnification x 100 and inset x400).
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Figure 8
Proposed mechanism of action of carnosine in attenuating CCly-induced liver injury.
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report, the present study demonstrated that CCly treatment
markedly increased TNF-a and suppressed IL-10 expres-
sion. On the other hand, CAR treatment counteracted
these deleterious changes remarkably in hepatic tissues.
IL-10 is an anti-inflammatory and immunosuppressive
cytokine that decreases the production of proinflamma-
tory cytokines, including TNF-a and IL-1[3 [46]. Extensive
studies have reported the ability of IL-10 to combat
the inflammatory response and to limit hepatotoxicity in
several models of liver injury [47]. Thus, increased endoge-
nous IL-10 expression could attenuate inflammatory bursts
and subsequent liver injury induced by CCly [44]. These
results suggested that CAR could attenuate CCly-induced
liver injury by way of suppressing the inflammatory
response. Indeed, these results are in agreement with other
studies that reported pivotal anti-inflammatory effects of
CAR in different experimental models [48, 49].

NO is a highly reactive oxidant produced by inducible
nitric oxide synthase (iNOS) in hepatic cells during
inflammation. iNOS is an enzyme expressed in hepa-
tocytes and inflammatory cells during both acute and
chronic liver diseases [50]. iNOS-derived NO reacts
with superoxide anion to form peroxynitrite, resulting
in nitrosative stress [51]. Moreover, it also regulates
gene expression of proinflammatory mediators, thereby
contributing to the inflammatory events seen in differ-
ent liver injuries [52]. The tissue damage induced by
nitrosative stress could be prevented by the removal
of free radicals through the activation of enzymatic
and molecular antioxidants. Suppression of NO levels
has been shown to attenuate CCls-induced liver injury
[53, 54], indicating that NO signaling could be a poten-
tial target for prevention of liver injury. We suggest that
activation of Nrf-2 by CAR treatment resulted in an
augmentation of hepatic antioxidant defense mechanisms
and hence a quenching of the nitrosative stress evoked
by NO.

HSCs are a liver-specific type of pericyte and the main
source of ECM proteins. Activation of HSCs represents a
fundamental event in a sequence of hepatic injury that links
the inflammatory and repair phases of liver damage [55].
Activated HSCs undergo phenotypic trans-differentiation
into fibrogenic myofibroblasts, characterized by several
changes, including an increase in proliferation, ECM accu-
mulation and expression of a-SMA [56]. Our results
showed significantly more immunostaining for «-SMA in
the CCly-treated group than in the control group. On the
other hand, low levels of a-SMA were observed in the
CAR-treated group. These results correlate with the results
of histopathological studies, which showed a remarkable
attenuating effect of CAR on CCly-induced hepatic fibro-
sis, as indicated by fibrosis scoring. Of note, our results
confirmed previous reports of the anti-fibrotic effect of
CAR in experimental models of lung and liver fibrosis
[57, 58].

In conclusion, the present study demonstrated hepatopro-
tective effect of CAR in CCly-induced liver injury, figure 8.
Thus, CAR might be promising as an anti-oxidative, anti-
inflammatory, and anti-fibrotic medication to minimize
toxin/chemical-induced hepatic injuries caused by oxida-
tive stress and inflammatory reactions.
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