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INTRODUCTION

Acute hepatic failure (AHF) which sometimes called fulminant hepatic failure (FHF) is a sever liver
disease which leads to encephalopathy and coagulopathy (Zou et al., 2013). Administration of d-galactosamine (D-
GalN) and lipopolysaccharide (LPS) lead to formation of ALF in rats (Jung et al., 2013). D-GalN is very toxic to
liver which causes liver injury resembling viral hepatitis with inflammation, degeneration and necrosis. D-GalN
alters liver functions through depletion of uridine pools and so, limiting synthesis of RNA and protein
(Padmanabhan and Jangle 2014). LPS is the main component of outer gram negative bacteria outer memebrane.
Small amount of LPS released from infecting pathogen induce potent innate immune response and led to fatal septic
shock syndrome (Zou et al., 2013). LPS bind to LPS binding protein (LBP) in serum which transfer LPS to cluster
of differentiation 14 (CD14) either in soluble form or linked by a glycosylphoshatidylinositol anchor of cell surface
(Park and Lee 2013). LPS aggregates converted to monomeric molecules and presented to toll like receptor4-MD-2
(TLR4-MD-2) complex by action of CD14 (Cohen 2002; Raetz and Whitfield 2002; Akira et al., 2004).

Co-adminstration of D-GalN and LPS lead to excessive generation of reactive oxygen species (ROS) which
was through their oxidative damage lead to acute hepatitis (Jung et al., 2013; Sheik Abdulazeez and Thiruvengadam
2013). Activation of TLR4 in response to LPS cause production of ROS and increased proinflamatory cytokines
expression such as tumor necrosis factor-o (TNF-a), interleukin-6 (IL-6), 1L-12 and therefore increased ROS
production (Medvedev et al., 2000; O'GRADY et al., 2001; Jung et al., 2013).

Oxidative stress is imbalance between pro-oxidants and antioxidants leading to cellular damage. This
imbalance can result from decreased antioxidant capacity, or by an overproduction of ROS from other factors (Ha et
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al., 2010). The excessive ROS productionhave a pathogenetic role in liver injuries, leading to almost all clinical and
experimental conditions of chronic liver diseases (Zhang et al., 2008). Overproduction of ROS must be promptly
removed from the cells by enzymatic antioxidant suchassuperoxide dismutase(SOD), catalase (CAT) and the non-
enzymatic antioxidant such as Glutathione (GSH)(Martin and Okolie 2012). Free radicals cause many diseases.
They attack biological macromolecules in cells and cause damage to DNA and protien with lipid peroxidation
(Kumar et al., 2012). The increased lipid peroxidation as well as the decreased of ROS scavengers are taken as a
direct evidence for oxidative stress and are a characteristic finding in a variety of diseases (Khan 2006; Srilaxmi et
al., 2010).Reactive oxygen species consisted of superoxide anion (O, "), hydrogen peroxide (H,O,), and hydroxyl
radicle (OH). ROS generation leads to lipid peroxidative degradation of the hepatocellular membrane and as a result
release of cytoplasmic enzymes, alanine transaminase (ALT) and aspartate transaminase (AST) into the systemic
circulation (Sebai et al., 2010).Increased ROS due to administration of D-GalN and LPS caused depletion of GSH,
SOD and CAT, and increased production of malondialdehyde (MDA) due to lipid peroxidation (Zhu et al., 2012;
Jung et al., 2013).

Glutathione is an important non-enzymatic antioxidant, which is vital to sustain the normal reduced state of
cells and to counteract the damage effects of ROS (Saeed et al., 2012). GSH has a protective role in cells by
detoxification reactions of endogenous and exogenous toxins and also scavenges free radicals thereby maintaining
the structural integrity of cells and organelle (Kim et al., 2012). GSHdeplation may compromise cellular antioxidant
defenses and lead to increase of ROS such as O,~, OH" and H,0,, which further initiate lipid peroxidation in cell
membranes, and finally caused tissue damage and cellular death (Mershiba et al., 2013). SOD considered the first
line of defense mechanism against ROS and catalyzes dismutation of O, to oxygen and H,0,(Jiang et al., 2009).
CAT enzyme catalysis the decomposition of H,0, and lipid peroxides in cell membrane into oxygen and water, by
reduced glutathione as a substrate (Olorunnisola et al., 2011).

Vitamin E is the most important lipophilic antioxidant and free radical scavenger (Naziroglu et al., 2004).
Vitamin E act as a powerful antioxidants with an excellent ability to scavenger the peroxyl radicals and are able to
block the formation of hydroxyl radical generated in non-lipid system, so increase the activity of the antioxidant
enzymes. In addition these compounds have been shown to inhibit the lipid peroxidation in liver
microsomes(Valentin and Qi 2005; Chow and Chow-Johnson 2013). Vitamin E protects cells against oxidative
damage induced by LPS (Nishio et al., 2013).

Therefore the present study aimed to investigate the biochemical mechanisms involved in curative and
prophylactic effects of silibinin and vitamin E against D-GalN/LPS induced hepatotoxicity in rats.

Materials and Methods
2.1. Materials

Vitamin E, D-GalIN and LPS (serotype E.coli 0111:4) were purchased from Sigma Aldrich Chemical Co., St
Louis MO, USA). ALT and AST Kkits were purchased from Human Co. (Wiesbaden, Germany). GSH colorimetric
Kits obtained from Biodiagnostic Co. (Giza, Egypt)

2.2. Animals

Thirty adult albino rats weighting 180-230g were used in the present study. They were obtained from the
animal house of research institute of ophthalmology (Giza, Egypt). Animals were kept under suitable laboratory
conditions for two weeks for adaptation before the onset and to exclude any intercurrent infection. They were
maintained in stainless steel cages at normal atmospheric temperature of 27+5c¢ as well as under good ventilation.
Animals were fed on the standard commercial diet (ATMID Company, Egypt) and provided with tab water ad
libitum (Schonfeld et al., 1993).

2.3. Experimental design

The rats were divided randomly into six groups of ten rats each and treated as follows

Group 1 (control): Comprised of 10 rats that received normal diet and injected with normal saline intraperitoneally
in a dose of 10 ml/kg for two weeks (Vimal and Devaki 2004).

Group 2 (D-GaIN/LPS): Consisted of 10 rats that received normal diet and exposed to single intraperitoneal
injection of D-GalN in a dose of 500 mg/kg, followed by single intraperitoneal injection of LPS at a dose of 50
pg/kg (Wilhelm et al., 2009)

Group 3 (Vitamin E): Composed of 10 rats that received normal diet and were administered Vitamin E in a dose of
400 mg/Kg for two weeks (Dillioglugil et al., 2005). Then they were exposed to single intraperitoneal injection of
D-GalN/LPS with the above mentioned doses.
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After 18 h of overnight fasting, the rats were sacrificed and the blood samples were collected for separation of
serum which was kept at -20°C for determination of ALT and AST. Livers were homogenized in 5 ml phosphate
buffered saline by using tissue homogenizer (Yellow line DI 18 basic, IKA, Germany). The liver homogenates were
centrifuged at 10,000 rpm for 15 minutes. The supernatants were collected and used directly for measurement of
GSH.

All animal procedures were performed upon approval from the Ethics committee of Beni-Suef University and in
accordance with the recommendations of the proper care and use of lab animals.

2.4. Biochemical analysis

Serum alanine transaminase (ALT) and aspartate transaminase (AST) activities were measured by kinetic
methods (Human, Wiesbaden, Germany). Reduced GSH levels wasmeasured using colorimetric kits (Biodiagnostic,
Giza, Egypt).

2.5. Statistical analysis

All experiments were performed in six groups of ten rats each. The results were expressed as mean * standard
error of mean (SEM). The statistical analysis was performed using one way analysis of variance (ANOVA),
followed with Tukey multiple comparison Post-Hoc test. The p-values less than 0.05 (p<0.05) were considered
significant. All calculations were made using SPSS 22 (SPSS, Chicago, USA). Data were graphed by using
Graphpad prism 6 (Graphpad software, Inc., USA).

Results
2.6. Serum markers of hepatic injury
ALT and AST activities were significantly increased in D-GalN/LPS treated group when compared to those of
the normal control group as shown in table (1). prophylaxiswith vitamin E significantly reduced ALT and AST
elevation as showed in table (1) and Fig. (1).

150+
E3 ALT

E3 AST
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Fig. (1):The percentage of improvement of serum ALT and AST activities in groups received vitamin E compared
to D-GalN/LPS treated group.

2.7. Glutathione content
Reduced GSH content of liver homogenate was significantly decreased in D-GalN/LPS treated group when

compared to that of control group. prophylaxiswithvitamin E succeeded in improvement of GSH content of liver
homogenate as showed in table (1).
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Fig. (2): The percentage of improvement of serum MDA and GSH levels in groups received vitamin E compared to
D-GalN/LPS treated group.
Table (1):Serum ALT and AST levels and liver GSH level in the rats of various studied groups

Groups | Control D-GalIN/LPS Vitamin E
Parameters
ALT (UL) 31.2+15 91.8+2.3 40.742.5
AST (U/L) 60.4+1.6 190.2+16.2° 81 +9"
GSH (mg/g) 193.4+9.8 7242.9° 134+4°

*  Values are means + SEM
» #p<0.05 compared with control group.
»  °p<0.05compared with D-GalN/LPS treated group

Discussion

Administration of D-GalN and LPS lead to excessive generation of ROS and oxidative damage that lead to
acute hepatitis through activation of TLR4 which leads to production of proinflamatory cytokine expression as TNF-
a, interleukin-6 (IL-6), IL-12 (Jung et al., 2013; Sheik Abdulazeez and Thiruvengadam 2013).

During D-GalIN/LPS induced hepatotoxicity, there are some enzymes can be used as biochemical indicators
of liver disorders that response to therapy; like ALT, AST which are indicators of hepatotoxicity, since they are
related to the function of the hepatic cells(Farghali et al., 2009; Uslusoy et al., 2011). Alterations in the activities of
these enzymes may be due to cellular impairment and dysfunction, thus analysis of these marker enzymes reflects
mechanisms of cellular damage and subsequent release of protein, their extracellular turnover and also reflect
mechanisms of neoplastic process (Mershiba et al., 2013).

The present study demonstrated that the activities of ALT and AST in the plasma of D-GalN/LPS treated
group were significantly increased compared to normal control group. These data were in harmony with the previous
study (Farghali et al., 2009) which reported that a significant increase in ALT and AST activities after D-GalN/LPS
treated animals compared to control animals. This increase is due to the production of ROS, which led to lipid
peroxidative degradation of the hepatocellular membrane and as a result, these cytoplasmic enzymes are released
into the systemic circulation. The prophylactic action of vitamin E caused a significant decreased in serum activity
of ALT and AST, which elevated as a result of hepatotoxic activity of D-GalN/LPS. These data are parallel line with
previous study (Onyema et al., 2006) ,which reported that vitamin E attenuated hepatotoxicity and oxidative stress in
rats and decreased the elevated activity of ALT and AST as result of liver damage.

Data presented in this study indicated that D-GalN/LPSadministration resulted in augmentation of
oxidative stress in livers of treated rats accompanied by impaired antioxidative defense mechanism, as indicated by a
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significant depletion of free radical scavenging antioxidants as reduced GSH compared to normal control group. The
observations of current study are in accordance with previous studies (Wilhelm et al., 2009; Lekic et al., 2011)
which reported that there is a significant decreased in the level of GSH in D-GalN/LPS treated rats compared to the
control animals. This might be attributed to the reduction in their biosynthesis during hepatocellular damage or their
excessive utilization in scavenging the free radicals formed due to D-GalN/LPS toxicity. In the same regard many
studies (Srilaxmi et al., 2010; Huang et al., 2012) reported that the decreased concentration of GSH in liver may be
due to NADPH reduction or GSH utilization in the exclusion of peroxides.

Enhancing endogenous enzymatic and non-enzymatic antioxidant status by the hepatoprotective compounds
represent an effective strategy in the prevention of hepatic disorders (de Araujo Ribeiro et al., 2011). In this study
the supplementation of vitamin E to D-GalN/LPS treated animals effectively modulate the deterioration the
antioxidant parameters as GSH.

The present study also, revealed that vitamin E groups were significantly increased the level of GSH in the
treated group compared to that of D-GalN/LPSadministered group. The current results are in parallel line with
previous studies (Ganesh et al., ; Ganesh et al., 2012; Chow and Chow-Johnson 2013) which reported that this
hepatoprotective effect of vitamin E could be attributed to its ability to scavenge the free radicals that induce lipid
peroxidation. Vitamin E was foundto dose dependently decrease rates of mitochondrial hydrogen peroxide
generation in liver and skeletal muscle through its ability to scavenge the free radicals and modulation of cellular
antioxidant.

References
Abdel-Wahhab, K. G. E.-D., Y. A. Khadrawy and F. A. E. Mannaa (2012). "Aged garlic extract enhances
paraoxonase 1 activity and suppress oxidative stress in CCI4." Comunicata Scientiae 3(1): 55-63.

Akira, S. and K. Takeda (2004). "Toll-like receptor signalling." Nature Reviews Immunology 4(7): 499-511.

Chow, C. K. and H. S. Chow-Johnson (2013). "Antioxidant function and health implications of vitamin E." Open
Nutrition Journal 7: 1-6.

Cohen, J. (2002). "The immunopathogenesis of sepsis." Nature 420(6917): 885-891.

Colturato, C. P., R. P. Constantin, A. S. Maeda Jr, R. P. Constantin, N. S. Yamamoto, A. Bracht, E. L. Ishii-
Iwamoto and J. Constantin (2012). "Metabolic effects of silibinin in the rat liver." Chemico-biological
interactions 195(2): 119-132.

de Araujo Ribeiro, P. F., V. da Silva Santos, A. R. Machado and C. G. Fernand (2011). "BENEFICIOS DEL
NECTAR DE MORA (RUBUS SPP.) RELATIVE TO HYPERCHOLESTEROLEMIA AND LIPID
PEROXIDATION." Nutricién Hospitalaria 26(n05).

Dillioglugil, M., H. Maral Kir, M. Gulkac, A. Ozon Kanli, H. Ozdogan, O. Acar and O. Dillioglugil (2005).
"Protective effects of increasing vitamin E and A doses on cisplatin-induced oxidative damage to kidney
tissue in rats." Urologia internationalis 75(4): 340-344.

Farghali, H., D. Cerny, L. Kamenikov4, J. Martinek, A. Hofinek, E. Kmoni¢kovéa and Z. Zidek (2009). "Resveratrol
attenuates lipopolysaccharide-induced hepatitis in D-galactosamine sensitized rats: role of nitric oxide
synthase 2 and heme oxygenase-1." Nitric Oxide 21(3): 216-225.

Flora, K., M. Hahn, H. Rosen and K. Benner (1998). "Milk thistle (Silybum marianum) for the therapy of liver
disease." The American journal of gastroenterology 93(2): 139-143.

Ganesh, E., A. Chowdhury, T. Malarvani and V. Ashok (2012). "Hepatoprotective effect of Vitamin-E & C in
Albino rats." IJALS 3: 21-26.

Ha, H.-L., H.-J. Shin, M. A. Feitelson and D.-Y. Yu (2010). "Oxidative stress and antioxidants in hepatic
pathogenesis." World journal of gastroenterology: WJG 16(48): 6035.

160



ISSN 2320-5407 International Journal of Advanced Research (2015), Volume 3, Issue 8, 156-163

Huang, Q., S. Zhang, L. Zheng, M. He, R. Huang and X. Lin (2012). "Hepatoprotective effects of total saponins
isolated from Taraphochlamys affinis against carbon tetrachloride induced liver injury in rats." Food and
Chemical Toxicology 50(3): 713-718.

Jiang, W.-L., X.-G. Chen, G.-W. Qu, X.-D. Yue, H.-B. Zhu, J.-W. Tian and F.-H. Fu (2009). "Rosmarinic acid
protects against experimental sepsis by inhibiting proinflammatory factor release and ameliorating
hemodynamics.” Shock 32(6): 608-613.

Jung, M.-g., G.-M. Do, J.-H. Shin, Y. M. Ham, S.-Y. Park and O. Kwon (2013). "Acanthopanax koreanum Nakai
modulates the immune response by inhibiting TLR 4-dependent cytokine production in rat model of
endotoxic shock." Nutrition research and practice 7(6): 460-465.

Khan, S. M. (2006). "Protective effect of black tea extract on the levels of lipid peroxidation and antioxidant
enzymes in liver of mice with pesticide-induced liver injury." Cell biochemistry and function 24(4): 327-332.

Kim, S.-H., Y. S. Kim, S. S. Kang, K. Bae, T. M. Hung and S.-M. Lee (2008). "Anti-apoptotic and hepatoprotective
effects of gomisin A on fulminant hepatic failure induced by D-galactosamine and lipopolysaccharide in
mice." Journal of pharmacological sciences 106(2): 225-233.

Kim, T.-W., J.-H. Lim, I.-B. Song, S.-J. Park, J.-W. Yang, J. C. Shin, J.-W. Suh, H.-Y. Son, E.-S. Cho and M.-S.
Kim (2012). "Hepatoprotective and anti-hepatitis C viral activity of Platycodon grandiflorum extract on
carbon tetrachloride-induced acute hepatic injury in mice." Journal of nutritional science and vitaminology
58(3): 187-194.

Kumar, S., U. Sharma, A. Sharma and A. Pandey (2012). "Protective efficacy of Solanum xanthocarpum root
extracts against free radical damage: phytochemical analysis and antioxidant effect." Cellular and Molecular
Biology 58(1): 171-178.

Lekic, N., D. Cerny, A. Horinek, Z. Provaznik, J. Martinek and H. Farghali (2011). "Differential oxidative stress
responses to D-galactosamine-lipopolysaccharide hepatotoxicity based on real time PCR analysis of selected
oxidant/antioxidant and apoptotic gene expressions in rat." Physiol Res 60(3): 549-558.

Ligeret, H., A. Brault, D. Vallerand, Y. Haddad and P. Haddad (2008). "Antioxidant and mitochondrial protective
effects of silibinin in cold preservation—warm reperfusion liver injury." Journal of ethnopharmacology
115(3): 507-514.

Lu, P, T. Mamiya, L. Lu, A. Mouri, L. Zou, T. Nagai, M. Hiramatsu, T. lkejima and T. Nabeshima (2009).
"Silibinin prevents amyloid B peptide-induced memory impairment and oxidative stress in mice." British
journal of pharmacology 157(7): 1270-1277.

Martin, O. and P. Okolie (2012). "N-nitrosodimethylamine (NDMA), Liver Function Enzymes, Renal Function
Parameters and Oxidative Stress Parameters: A Review."

Medvedev, A. E., K. M. Kopydlowski and S. N. Vogel (2000). "Inhibition of lipopolysaccharide-induced signal
transduction in endotoxin-tolerized mouse macrophages: dysregulation of cytokine, chemokine, and toll-like
receptor 2 and 4 gene expression.” The Journal of Immunology 164(11): 5564-5574.

Mershiba, S. D., M. V. Dassprakash and S. D. Saraswathy (2013). "Protective effect of naringenin on hepatic and
renal dysfunction and oxidative stress in arsenic intoxicated rats.” Molecular biology reports 40(5): 3681-
3691.

Nazroglu, M., A. Karaoglu and A. O. Aksoy (2004). "Selenium and high dose vitamin E administration protects
cisplatin-induced oxidative damage to renal, liver and lens tissues in rats." Toxicology 195(2): 221-230.

161



ISSN 2320-5407 International Journal of Advanced Research (2015), Volume 3, Issue 8, 156-163

Nencini, C., G. Giorgi and L. Micheli (2007). "Protective effect of silymarin on oxidative stress in rat brain."
Phytomedicine 14(2): 129-135.

Nishio, K., M. Horie, Y. Akazawa, M. Shichiri, H. Iwahashi, Y. Hagihara, Y. Yoshida and E. Niki (2013).
"Attenuation of lipopolysaccharide (LPS)-induced cytotoxicity by tocopherols and tocotrienols.” Redox
biology 1(1): 97-103.

O'GRADY, N. P., H. L. PREAS, J. Pugin, C. Fiuza, M. Tropea, D. Reda, S. M. Banks and A. F. Suffredini (2001).
"Local inflammatory responses following bronchial endotoxin instillation in humans." American journal of
respiratory and critical care medicine 163(7): 1591-1598.

Olorunnisola, O., A. Akintola and A. Afolayan (2011). "Hepatoprotective and antioxidant effect of Sphenocentrum
jollyanum (Menispermaceae) stem bark extract against CCl4-induced oxidative stress in rats." African
Journal of Pharmacy and Pharmacology 5(9): 1241-1246.

Onyema, O. O., E. O. Farombi, G. O. Emerole, A. I. Ukoha and G. O. Onyeze (2006). "Effect of vitamin E on
monosodium glutamate induced hepatotoxicity and oxidative stress in rats.” Indian Journal of Biochemistry
and Biophysics 43(1): 20.

Padmanabhan, P. and S. Jangle (2014). "Hepatoprotective Activity of Herbal Preparation (HP-4) Against D-
Galactosamine Induced Hepatotoxicity in Mice." International Journal of Pharmaceutical Sciences & Drug
Research 6(1).

Park, B. S. and J.-O. Lee (2013). "Recognition of lipopolysaccharide pattern by TLR4 complexes." Experimental &
molecular medicine 45(12): e66.

Raetz, C. R. and C. Whitfield (2002). "Lipopolysaccharide endotoxins.” Annual review of biochemistry 71: 635.

Saeed, N., M. R. Khan and M. Shabbir (2012). "Antioxidant activity, total phenolic and total flavonoid contents of
whole plant extracts Torilis leptophylla L." BMC complementary and alternative medicine 12(1): 221.

Salamone, F., F. Galvano, A. Marino, C. Paternostro, D. Tibullo, F. Bucchieri, A. Mangiameli, M. Parola, E.
Bugianesi and G. Li Volti (2012). "Silibinin improves hepatic and myocardial injury in mice with
nonalcoholic steatohepatitis.” Digestive and Liver Disease 44(4): 334-342.

Schénfeld, J., M. Miiller, M. Riinzi, M. Geling, I. Neisius, J. Kleimann and H. Goebell (1993). "Pancreastatin—A
mediator in the islet-acinar axis?" Metabolism 42(5): 552-555.

Schonfeld, J. v., B. Weisbrod and M. Miller (1997). "Silibinin, a plant extract with antioxidant and membrane
stabilizing properties, protects exocrine pancreas from cyclosporin A toxicity." Cellular and Molecular Life
Sciences CMLS 53(11-12): 917-920.

Sebai, H., M. Sani, M. T. Yacoubi, E. Aouani, N. Ghanem-Boughanmi and M. Ben-Attia (2010). "Resveratrol, a red
wine polyphenol, attenuates lipopolysaccharide-induced oxidative stress in rat liver." Ecotoxicology and
environmental safety 73(5): 1078-1083.

Sheik Abdulazeez, S. and D. Thiruvengadam (2013). "Effect of lycopene on oxidative stress induced during d-
galactosamine/lipopolysaccharide-sensitized liver injury in rats." Pharmaceutical biology 51(12): 1592-1599.

Srilaxmi, P., G. R. Sareddy, B. Polavarapu, O. H. Setty and P. P. Babu (2010). "Protective efficacy of natansnin, a
dibenzoyl glycoside from Salvinia natans against CCI4 induced oxidative stress and cellular degeneration in
rat liver." BMC pharmacology 10(1): 13.

Uslusoy, H. S., S. G. Nak and M. Gilten (2011). "Noninvasive predictors for liver fibrosis in patients with
nonalcoholic steatohepatitis.”" World journal of hepatology 3(8): 219.

162



ISSN 2320-5407 International Journal of Advanced Research (2015), Volume 3, Issue 8, 156-163

Valentin, H. E. and Q. Qi (2005). "Biotechnological production and application of vitamin E: current state and
prospects.” Applied microbiology and biotechnology 68(4): 436-444.

Vimal, V. and T. Devaki (2004). "Hepatoprotective effect of allicin on tissue defense system in
galactosamine/endotoxin challenged rats.” Journal of ethnopharmacology 90(1): 151-154.

Wang, Q., L. Zou, W. Liu, W. Hao, S.-i. Tashiro, S. Onodera and T. Ikejima (2011). "Inhibiting NF-xB activation
and ROS production are involved in the mechanism of silibinin's protection against D-galactose-induced
senescence.” Pharmacology Biochemistry and Behavior 98(1): 140-149.

Wilhelm, E. A, C. R. Jesse, S. S. Roman, C. W. Nogueira and L. Savegnago (2009). "Hepatoprotective effect of 3-
alkynyl selenophene on acute liver injury induced by D-galactosamine and lipopolysaccharide."
Experimental and molecular pathology 87(1): 20-26.

Zhang, C., W. Peng, X. Jiang, B. Chen, J. Zhu, Y. Zang, J. Zhang, T. Zhu and J. Qin (2008). "Transgene expression
of human PON1 Q in mice protected the liver against CCl4-induced injury." The journal of gene medicine
10(1): 94-100.

Zhao, J., Y. Zhao, H. Wang, X. Gu, J. Ji and C. Gao (2011). "Association between metabolic abnormalities and
HBYV related hepatocelluar carcinoma in Chinese: A cross-sectional study." Nutrition journal 10: 49-49.

Zhu, R., Y. Wang, L. Zhang and Q. Guo (2012). "Oxidative stress and liver disease.” Hepatology Research 42(8):
741-749.

Zou, S.-S., W. Yang, H.-X. Yan, L.-X. Yu, Y.-Q. Li, F.-Q. Wu, L. Tang, Y. Lin, L.-N. Guo and H.-B. Zhou (2013).

"Role of B-Catenin in regulating the balance between TNF-a-and Fas-induced acute liver injury.”" Cancer
letters 335(1): 160-167.

163



