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ABSTRACT

Hepatotoxic injury can have several forms including necrosis, steatosis, fibrosis, cirrhosis and carcinoma.The present
study was undertaken to investigate the hepatoprotective effect of quercetin and its modulatory effect on silymarin
against carbon tetrachloride induced hepatotoxicity in rats. Male Wistar rats were divided into five groups whereCCls
(0.5 ml/kg; p.o.; twice/week for 4 weeks) was administered to all groups except the normal one. The remaining groups
received silymarin (100 mg/kg), quercetin (50 mg/kg)and a combination of silymarin (100 mg/kg) and quercetin (50
mg/kg), respectively. CCls caused marked liver damage as manifested by significant increase in serum aspartate
aminotransferase (AST) and alanine aminotransferase (ALT) activities. It also resulted in a significant decrease in liver
reduced glutathione (GSH) content parallel to a significant increase in malondialdehyde (MDA), inducible nitric oxide
synthase (iNOS) andtumor necrosis factor-alpha (TNF-a)hepatic contents. Combined therapy provided significant
improvement compared to silymarin alone regarding the amelioration of serum transaminases as well as oxidative
stress and inflammatory biomarkers. Results of histopathological examination were also correlated with the biochemical
findings. Quercetin could be used as effective hepatoprotective agent against CCls-induced liver damageby attenuation of
oxidative stress as well asthe inflammatory response in the liver.Moreover, our results demonstrated that quercetin
potentiates the hepatoprotective effect of silymarin in CCls-induced hepatotoxicity.

Key words: carbon tetrachloride; hepatotoxicity; quercetin; silymarin.

Received 21.01.2020 Revised 28.03.2020 Accepted 02.04.2020

INTRODUCTION

The liver is the major organ responsible for the metabolism ofdrugs and toxic chemicals, and therefore it
is the primary target organ for nearly all toxic chemicals [10, 1, 57]. Natural antioxidants could prevent
the deleterious effects of toxic agents by scavenging free radicals and other reactive oxygen species (ROS)
or by modulation of the inflammatory response [18, 22].

Carbon tetrachloride (CCls) is commonly used as a chemical inducer of experimental liver injury [28]. It
has been suggested that the hepatic necrosis caused by CCls involves bioactivation by a microsomal
cytochrome P450-dependent monooxygenase system, resulting in the formation of trichloromethyl free
radicals and ROS, which initiate lipid peroxidation and protein oxidation leading to hepatocellular
membrane damage [38, 41, 42]. This process is followed by the release of inflammatory mediators from
the activated hepatic macrophages, which are believed to potentiate the CCls-induced hepatic injury.
Thus, the use of antioxidants may have therapeutic implications for the management of liver injury.
CCly-induced hepatotoxicity also involves the activation of Kupffer cells which is accompanied by the
production of proinflammatory mediators [45]. Tumor necrosis factor-alpha (TNF- a)is the key mediator
in many experimental liver injury models, including CCls-induced hepatitis [51]. An early rise of TNF-a
levels induces proinflammatory genes, including inducible nitric oxide synthase (iNOS) and
cyclooxygenase-2 (COX-2) [2, 50]. Persistent hepatic injury and inflammation may lead to the progressive
liver damage, fibrosis, and finally cirrhosis. The inhibition of proinflammatory cytokines and enzymes
may offer a new therapeutic strategy against inflammatory liver disease[17].

Milk thistle (Silybum marianum L.), as an important hepatoprotective plant, has been used for centuries as
a natural remedy for the liver and biliary tract. Dried extracts of milk thistle seeds contain approximately
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60% silymarin. Typically, silymarin consists of several flavonogligans including silibinin (50-60%),
isosilibinin (5%), silychristin, (20%) and silydianin (10%) and a flavonoid (taxifolin). Silybin, as the main
bioactive of silymarin, is believed to have antioxidant activity and potential to prevent lipid oxidation in
human and some animal models [35]. In accordance with this, it has been demonstrated that silybin
protects the structure and function of hepatocytes through scavenging free radicals, activating related
antioxidant genes, restoring damaged tissues, and producing new hepatocytes [7], leading to this
suggestion that silymarin could be used as an ideal agent for the comparison of hepatoprotective
bioactive components [16, 9].

Flavonoids are phenolic phytochemicals that represent substantial constituents of the non-energetic part
of the human diet and are thought to promote optimal health, partly via their antioxidant effects in
protecting cellular components against ROS [46, 6]. Quercetin (3,5,7,3,4-pentahydroxy flavon) is one of
the most distributed flavonoids, semi essential food components, in certain species of plants [37].
Previous studies have shown that quercetin and other flavonoids have a broad range of pharmacological
properties, including carcinostatic and antiviral activities, suppression of cell proliferation, modification
of eicosanoid synthesis, protection of low density lipoprotein (LDL) from oxidation, prevention of platelet
aggregation and stabilization of immune cells [6, 20, 41].

Thus, the present study was undertaken to investigate the hepatoprotective effect of quercetin and its
modulatory effect on silymarin against CCls-induced hepatotoxicity in rats.

MATERIAL AND METHODS

Animals

Male Wistar rats weighing 150-200 g were obtained from the animal facility of Faculty of Pharmacy, Cairo
University, Egypt. Rats were housed under controlled temperature (25 * 2°C) and constant light cycle (12
h light/dark) and allowed free access to standard rodent chow diet and water. The investigation complies
with the Guide for Care and Use of Laboratory Animals published by the US National Institutes of Health
(NIH Publication No. 85-23, revised 2011) and was approved by the Ethics Committee for Animal
Experimentation at Faculty of Pharmacy, Cairo University (Permit Number: PT 1390).

Drugs and chemicals

CClawas purchased from El Nasr Company, Egypt while silymarin was obtained from Sedico
pharmaceutical company. Quercetin was purchased from Sigma-Aldrich Chemical Co. (St. Louis, MO, USA).
A 20% CCls/olive oil was orally administered using a stainless-steel curved gavage-feeding needle with a
round tip (16-gauge; tip diameter, 3mm; length, 75mm). Silymarin and quercetin were prepared in 1%
tween 80 and given orally. Fine chemicals and reagents, unless otherwise specified, were obtained from
Sigma Aldrich Chemical Co. (St. Louis, MO, USA).

Experimental design

This experiment was carried out to examine the effect of four weeks prophylactic treatment with
silymarin, quercetin and their combination against CCls-induced hepatotoxicity. Five groups of animals
each consisting of 8 rats were used in this experiment. Animals in all groups were orally treated for 28
successive days. Group I received olive oil and served as normal group while group II received 20%
CCls/olive oil and served as CCl4 group (Hung et al,, 2006). Group III received silymarin (100 mg/kg/day)
[27] whereas Group IV received quercetin (50 mg/kg/day) [48] while Group VI received a combination of
silymarin and quercetin.A 20% CCls/olive oil was orally administered twice a week (on the third and
seventh days of each week]) to all rats except those of group I.

At the end of the experiment, blood was collected under anesthesia from the retro-orbital sinus using non
heparinized capillary tubes for serum separation. Animals were weighed and euthanized by cervical
dislocation under anesthesia and the whole livers were removed, washed with ice-cold saline, dried and
weighed. Part of liver was homogenized in ice-cold saline to prepare 10% homogenate where
homogenate was centrifuged at 5000 rpm for 10 min at 4°C using cooling centrifuge (Hettich universal
32A, Germany) and the resultant supernatants were used for biochemical measurements whereas the
other parts of liver was used for histopathological examinations. The protein content in tissue
supernatants was determined according to the method of Lowry et al [34].

Biochemical measurements

Liver function tests

Alanine aminotransferase (ALT) and aspartate aminotransferase (AST) activities were assessed using
Biodiagnostic kits (Egypt). Procedures were performed according to manufacturer’s instructions and
results were expressed as U/L.
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Estimation of oxidative stress biomarkers in liver homogenate

Liver contents of reduced glutathione (GSH) as well as malondialdehyde (MDA)were measured using the
Cell Biolabs kits (San Diego, USA). Procedures were performed according to the manufacturer’s
instructions. Results were expressed as pmol/g wet tissue for GSH and as nmol/mg protein for MDA.
iNOS

Hepatic content of iNOS was measured using rat iNOS ELISA kit (Eiaab,Wuhan, China) and the results
were expressed as ng/mg protein.

TNF-«a

Hepatic TNF-a content was assessed using rat TNF-a ELISA kit (Koma Biotec inc, Seoul, Korea). The
procedure of the used kit was performed according to the manufacturer’s instructions and results were
expressed as pg/mg protein.

Histopathological examination

Parts of the liver were obtained from different levels (base, middle and apex), rinsed in ice-cold saline and
immediately fixed in 10% formalin for 24 h. Specimens were then processed for paraffin embedding and
tissue blocks were prepared for sectioning at 4 pum thickness. Liver sections were stained with
hematoxylin and eosin (H&E) and examined microscopically.

Statistical analysis

All data obtained were presented as mean * S.E.M. Results were analyzed using one way analysis of
variance test (One-way ANOVA) followed by Tukey’s multiple comparison test. Statistical analysis was
performed using GraphPad Prism software (version 6.04). For all the statistical tests, the level of
significance was fixed at p < 0.05.

RESULTS

Liver function tests

Administration of CCls (0.5 ml/kg; twice/week) orally for 4 weeks in rats caused significant elevation of
serum ALT and AST activities to almost 5 and 6 folds, respectively compared to the normal group.
Pretreatment with silymarin (100 mg/kg) or quercetin (50 mg/kg) alone ameliorated this effect
compared to CCls group. Interestingly, the combined therapy of silymarin (100 mg/kg)and quercetin (50
mg/kg)succeeded to normalize serum ALT activity(Fig.1).
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Fig. 1: Effect of silymarin or quercetin when given alone or in combination on CCls-induced changes in
serum activities of (A) ALT(B) AST. Each value represents the mean of 8 experiments + SE of the mean.
Statistics were carried out by ANOVA followed by Tukey-Kramer multiple comparison test. *p < 0.05 vs.
normal, #p < 0.05 vs. CCl4, $p < 0.05 vs. sily. QT. Sily: silymarin, QT:quercetin.

Oxidative stress biomarkers

CClyinduced a state of oxidative stress as indicated by marked depletion of hepatic GSH stores and a
significant increase in MDA content. Pretreatment with silymarin (100 mg/kg) orquercetin (50 mg/kg)
alone significantly protected against GSH depletion and MDA elevation. Moreover, co-administration of
silymarin (100 mg/kg) and quercetin (50 mg/kg) provided further significant protection compared to
silymarin alone (Fig.2).
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Fig. 2: Effect of silymarin or quercetin when given alone or in combination on CCls-induced changes in
hepatic contents of (A) GSH (B)MDA. Each value represents the mean of 8 experiments + SE of the mean.
Statistics were carried out by ANOVA followed by Tukey-Kramer multiple comparison test. *p < 0.05 vs.
normal, #p < 0.05 vs. CCl4, $p < 0.05 vs. sily. QT. Sily: silymarin, QT:quercetin.

Inflammatory markers

CCls caused a significant elevation of inflammatory markers; iNOS and TNF-a contents. Pretreatment with
silymarin (100 mg/kg) or quercetin (50 mg/kg) alone succeeded to significantly improve this
inflammatory status. On the other hand, silymarin in combination with quercetin afforded significant
improvement of CCls-induced elevation of iNOS content compared to silymarin alone (Fig.3).
Histopathological examination of liver tissue

CClsproduced centrolobular ballooning degeneration with inflammatory cells infiltration and fibroblastic
cells proliferation which were extended in the hepatic parenchyma. In addition, the portal area showed
inflammatory cells infiltration and fibroblastic cells proliferation with multiple numbers of newly formed
bile ductules. Pretreatment with silymarin afforded a degree of protection manifested by the focal
inflammatory cells infiltrations that were detected in between degenerated hepatocytes. Examined
sections pretreated with quercetin showed inflammatory cells infiltration with few fibroblastic cells
proliferation in the centrolobular area of the hepatic parenchyma. Additionally, co-administration of
silymarin and quercetin provided amelioration of almost allCCls-induced hepatic damage with only
congestion in both central and portal veins (Fig.4).
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Fig. 3: Effect of silymarin or quercetin when given alone or in combination on CCls-induced changes in

hepatic contents of (A) iNOS (B) TNF-a. Each value represents the mean of 8 experiments + SE of the

mean. Statistics were carried out by ANOVA followed by Tukey-Kramer multiple comparison test. *p <
0.05 vs. normal, #p < 0.05 vs. CCl4, $p < 0.05 vs. sily. QT. Sily: silymarin, QT:quercetin.
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Fig. 4: Effect of silymarin or quercetin when given alone or in combination on CCls induced histological
changes in liver tissues in rats (magnification x16). (A-E) H & E staining. (A)Normal group (B) CCl4 group
(Q) Sily group (D) QT group (F)Sily+QT group;, inflammatory cells infiltration (m), fibroblastic cells
proliferation (f), bile ductules (bd), central vein (CV)..

DISCUSSION

Protection against hepatotoxicity and its consequences are considered an essential issue to improve the
quality of patient’s life and reduce the number of death every year from liver diseases. The present study
was undertaken to investigate the hepatoprotective effect of quercetin and its modulatory effect on
silymarin against CCls-induced hepatotoxicity in rats.

CCls generally causes oxidative stress in the body, inducing liver injury and inflammation [32, 57]. In the
present study, oral administration of CCls (0.5 ml/kg; twice/week) for 4 weeks in rats resulted in massive
increases in both serum ALT and AST activities. Several researchers have reported elevations of serum
transaminases following administration of toxic doses of CCls in rats [47, 25, 3]. The elevated activities of
serum liver function tests are indicative of cellular leakage and loss of functional integrity of cell
membranes of hepatocytes [52]. Owing to their high concentrations and ease of liberation from the
hepatocyte cytoplasm, ALT and AST are very sensitive indicators of necrotic lesions within the liver [29,
40, 36]. Hence, the marked release of transaminases into the circulation indicates severe damage to
hepatocytes during CCls intoxication [31].

The observed significant decrease in the transaminases activities in the groups pretreated with silymarin
and quercetin demonstrated their hepatoprotective effects against CCls damage. Similar results have been
reported by other investigators [14, 27, 54]. The protective effects of silymarin and quercetin could be
explained via the preservation of membrane integrity mediated by their observed antioxidant effects,
thus decreasing lipid peroxidation in the membranes. This suppresses the leakage of ALT and AST into
blood circulation.

In the present study, histological examinations of liver sections of rats intoxicated with CCls revealed
degenerative changes with inflammatory cells infiltration and fibroblastic cells proliferation which were
extended in the hepatic parenchyma indicating liver fibrosis with multiple numbers of newly formed bile
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ductules. The damage extended to most of the hepatic lobule with marked loss of its normal pattern.
These changes were positively correlated with the noted increases in the transaminases activity. The
present data is in good agreement with the results of, Alsheblak et al.[5]; Chiu and Hua [13].

The administration of CCls for 4 weeks caused a significant decrease in liver tissue content of GSH parallel
to a significant increase in the liver MDA content. It is strongly believed that the metabolism of CClsis
catalyzed by liver microsomalcytochrome P450 that rapidly overproduces free radicals which in turn
depletes hepatic glutathione and initiates achain lipid peroxidation of the hepatocyte membrane [32, 57].
The observed protective effect of silymarin against lipid peroxidation could be related to its antioxidant
effects, which assist in the preservation of membrane integrity. This has also been supported by the
observed parallel protection against CCls-induceddepletion in GSH stores. Similar results have been
reported by other investigators [21, 49, 50].

It should be noted that flavonoids as silymarin contributes to the antioxidant defenses in different ways.
Firstly, by direct free radical scavenging. Secondly, by preventing free radical formation by inhibiting
specific enzymes responsible for free radical production or by maintaining the integrity of electron-
transport chain of mitochondria in stress conditions. Thirdly, by participating in the maintenance of
optimal redox status of the cell by activating a range of antioxidant enzymes and non-enzymatic
antioxidants, mainly via transcription factors, including Nuclear factor erythroid-2-related factor 2(Nrf2)
and Nuclear factor-xB(NF-«kB) [53].In addition, flavonoids can chelate transition metal ions that act as
catalysts in the oxidative reactions of biological macromolecules. Redox-active metals, such as iron,
copper and chromium, undergo redox cycling whereas redox-inactive metals, such as lead, cadmium,
mercury and others deplete cells' major antioxidants, particularly thiol-containing antioxidants and
enzymes. Either redox-active or redox-inactive metals may cause an increase in production of ROS [19].
Therefore such ability for flavonoids together with their free radicals scavengening property render them
promising antioxidants [11]. Finally, silymarin by virtue of increasing GSH content in some tissues might
protect these tissues against the toxicity of GSH depletors such as CCls [39, 55].0ur results revealed that
pretreatment with quercetin protected against CCls-induced GSH depletion and the increase in lipid
peroxidation, which indicates that quercetin, can ameliorate CCls-induced liver oxidative injuries. Several
researchers reported similar results (Pavanato et al. 2003; Al-Olayanet al. 2014;Zhang et al. 2014).GSH is
the key antioxidant in liver, and its homeostasis is associated with various toxin-induced liver injuries
[24, 30]. Further results showed that quercetin increases the cellular GSH level, which may contribute to
the elevation of the body’s defensive capacity to protect against CCls-induced oxidative stress injuries.
Moreover, several reports stated that quercetin has a free radical scavenging activity [15, 23, 43, 58].
Thus, we can speculate that quercetin quenches the free radicals produced by CCls, replenishes GSH and
hence, protects the cells from further oxidative stress. This would also account for the observed decrease
in liver MDA content in quercetin pretreated group [26, 44].

In the current study, it was observed that CCls-induced hepatotoxicity was associated with an increase in
hepatic TNF-a and iNOS contents. Tissue inflammation plays a critical role in liver pathology via induction
of cellular injury. It is suggested that toxic exposure to CClsinduces oxidative stress in the liver due to the
release of highly reactive free radicals.Oxidative stress then triggers the TNF-a release from Kupffer cells
and injured hepatocytes, which further activates NFkB, allowing its nuclear translocation [18, 59, 12, 56].
Consequently, NFkB stimulates the expression of iNOS and COX-2 at the level of transcription, translation,
and the enzyme level [17, 8, 57]. The final products of iNOS and COX-2 contribute to nitrosative stress
initiating the cascade of inflammatory response in injured liver. Inflammation, in turn, is associated with
the release of highly reactive oxygen and nitrogen species from inflammatory cells, further exacerbating
oxidative and nitrosative stress [17]. Similarly, this inflammatory status was directly correlated with the
histological evidence of inflammatory cells infiltration and fibroblastic cells proliferation in the present
study.

Our results also showed that silymarin and quercetin significantly decreased hepatic iNOS and TNF-a
contents, thus alleviating liver injury by inhibiting further stimulation of oxidative stress and the
inflammatory response. This was reflected by the histopathological restoration of the liver parenchyma
and the decrease in the inflammatory cells infiltration as well as the fibroblastic cells proliferation.
Furthermore, co-administration of silymarin and quercetin resulted in enhancement of the potential
hepatoprotective effect compared to silymarin alone. Histological examination of hepatic sections showed
that the combined therapy provided amelioration of almost allCCls-induced hepatic damage. This
improved picture in the combined therapy was correlated with the observed alleviation in affected
biochemical parameters.
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CONCLUSION

It could be concluded that quercetin potentiates the hepatoprotective effect of silymarin in CCls-induced
hepatotoxicity which was evidenced by the improvement of liver function tests as well as oxidative stress
and inflammatory biomarkers. Thus, our findings reveal great promise for the usage of this combined
regimen in the management of liver injury and its related complications. Their beneficial
hepatoprotective potential could be attributed to their ability to attenuate oxidative and nitrosative stress
as well as the inflammatory response in the liver.
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