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Abstract: Intestinal Ischemia-Reperfusion (I/R) is a complex phenomenon causing local and remote tissue 
destruction and multiple-organ dysfunction. The present study investigates the effect of thymoquinone and omega-3 
on intestinal I/R-induced hepatic dysfunction. Sixty four Wistar albino rats were randomly allocated into four 
experimental groups: sham control, intestinal I/R control, thymoquinone (10 mg/kg) and omega-3 (300 mg/kg) pre-
treated groups respectively. Intestinal I/R model were established by clamping the superior mesenteric artery for 30 
min followed by 60 min reperfusion. Serum levels of aspartate Amino Transferase (AST), Alanine 
Aminotransferase (ALT) and Alkaline Phosphatase (ALP) were measured. Hepatic tissue contents of 
Malondialdehyde (MDA), reduced Glutathione (GSH), Myeloperoxidase (MPO) and Tumor Necrosis Factor alpha 
(TNF-α) and Superoxide Dismutase (SOD) activity were measured. Apoptosis in hepatic tissue cells was determined 
by immunities to chemical analysis of caspase-3. Hepatic histopathological examination was carried out. Intestinal 
I/R elevated serum AST, ALT and ALP levels. In-addition, hepatic tissue SOD activity and GSH content were 
decreased, while MDA, MPO and TNF-α contents were increased. Pre-treatment with thymoquinone or omega-3 
corrected the histopathological changes and serum AST, ALT, ALP levels as well as hepatic tissue activity of SOD 
and GSH contents. In-addition, hepatic tissue contents of MDA and MPO were decreased. Furthermore, 
immunohistochemical examination showed remarkable activation of caspase-3 activity in hepatic tissue after 
intestinal I/R, which were corrected by thymoquinone or omega-3 pre-treatment. The protective potential of 
thymoquinone and omega-3 on hepatic dysfunction could be attributed to the known antioxidant, antiapoptotic and 
anti-inflammatory effects of test drugs. 
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INTRODUCTION 
 

Ischemia and Reperfusion (I/R) is a pathological 
condition characterized by an initial restriction of blood 
supply to an organ followed by the subsequent 
restoration of perfusion and concomitant re-
oxygenation (Yellon and Hausenloy, 2007). The 
absence of oxygen and nutrients from blood during the 
ischemic period and reperfusion results in inflammation 
and oxidative damage through the induction of 
oxidative stress. Surprisingly, restoration of blood flow 
and re-oxygenation is frequently associated with tissue 
injury and a profound inflammatory response called 
reperfusion injury (Takizawa et al., 2011).  

Intestinal I/R leads to systemic inflammation and 
multiple organ failure in clinical and laboratory settings 
(Santora et al., 2010). Multiple organ dysfunction 
syndrome is mediated by complex mechanisms in 
which interactions between activated leukocytes and 
endothelial cells play a central role (Olanders et al., 
2002).  

I/R injury also including production of Reactive 
Oxygen Species (ROS), inflammatory cell infiltration 
and cytokine production (Paterno and Longo, 2008). 
Increased oxidative stress and inhibition of cellular 
antioxidant defence mechanisms are associated with 
apoptotic cell death (Hayes and McLellan, 1999). 
Malondialdehyde (MDA) is one of the final products of 
lipid peroxidation. MDA can be found in both tissue 
and blood and its concentration is directly proportional 
to the cell damage caused by free radicals (Halliwell 
and Gutteridge, 1990). Antioxidant enzymes, including 
reduced Glutathione (GSH) and Superoxide Dismutase 
(SOD), protect tissues from reperfusion injury by 
destroying ROS (Deshmukh et al., 1997).  

One of the main orchestrators of I/R injury is the 
proinflammatory cytokine Tumor Necrosis Factor 
(TNF-α) (Pascher and Klupp, 2005). TNF-α promotes 
leukocyte infiltration, induces cell death and activates 
an inflammatory cascade that results in further 
production of cytokines and chemokines (Ciesielski and 
Modzelewski, 1995; Esposito et al., 2007).  

http://en.wikipedia.org/wiki/Oxygen
http://en.wikipedia.org/wiki/Nutrient
http://en.wikipedia.org/wiki/Inflammation
http://en.wikipedia.org/wiki/Oxidation
http://en.wikipedia.org/wiki/Oxidative_stress
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Pharmacologic modulation of TNF-α production is 
a promising strategy in the prevention of I/R injury 
(Camara-Lemarroy et al., 2010). I/R activate various 
programs of cell death, which can be categorized as 
necrosis, apoptosis or autophagy-associated cell death.  

Apoptosis induced by I/R involves an orchestrated 
caspasesignaling cascade that induces a self-contained 
program of cell death, characterized by the shrinkage of 
the cell and its nucleus (Hotchkiss et al., 2009). 

Thymoquinone (TQ), a component of Nigella 
sativa is known to have broad anti-inflammatory 
activities and attenuates allergic inflammation. TQ 
attenuates the pro-inflammatory response mainly by 
modulating nuclear transactivation of NF-kappa B and 
TNF-α production (El Gazzar et al., 2007). 

Omega-3 fatty acid is one of the major constituents 
of fish oil. It has been shown that omega-3 has 
beneficial effects in multiple disease states that involve 
an inflammatory process. The effects of omega-3 were 
reported to be through modulation of inflammatory 
mediators such as TNF-α as well as inhibition of 
apoptotic marker; caspase-3 (El-Ansary et al., 2011a). 
The present study is constructed in order to explore the 
effects of TQ or omega-3 on liver dysfunction induced 
by intestinal I/R in rats.  
 

MATERIALS AND METHODS 
 

Animals: Adult male Wistar albino rats, weighing 150-
180 g. Animals purchased from the National Institute of 
Ophthalmology, cairo, Egypt. Animals were kept in the 
animal centerunder appropriate conditions of 
temperature, humidity and light. The study was carried 
out according to the approval of ethics committee for 
animal experimentation at faculty of pharmacy, Cairo 
University. Animals were fed standard pellet chow (El-
Nasr Chemical Co., Cairo, Egypt) and were allowed 
water ad libitum. 
 
Drugs: Thymoquinone (Sigma-Aldrich Co, USA) and 
Omega-3 (Metagenics, INC., Norway), were used in 
this study. 
 
Experimental design: Rats were randomly allocated 
into 4 groups (16 rats each) as follows: 
 
Group 1: Rats exposed to sham operation and served 

as sham control. 
Group 2: Rats received distled water orally for 14 

days and then exposed to intestinal I/R 
operation and served as I/R control. 

Group 3: Rats received thymoquinone (10 mg/kg) 
orally (Fouda et al., 2008; Padhye et al., 
2008) for 14 days and then exposed to 
intestinal I/R operation.  

Group 4: Rats received omega-3 (300 mg/kg) orally 
(Kavakli et al., 2007) for 14 days and then 

exposed to intestinal I/R operation and 
served as refrence standard.  

 
Induction of intestinal I/R: I/R rat model was 
established according to the method described by 
(Cheng et al., 2013). Clamping superior mesenteric 
artery for 30 min followed by reperfusion for 60 min. 
At the end of the experiment, blood samples were 
collected via the retro-orbital plexus under light 
anaesthesia (di-ethyl ether), serum was separated, for 
biochemical parameters. Animals were sacrificed by 
cervical dislocation, liver was rapidly isolated and 
washed with ice cold saline. Part of the liverwas 
homogenized in phosphate buffer saline. The other part 
of the liver were embedded in 10% formalin for 
histopathological examination and immunohisto 
chemical staining.  
 
Biochemical assay: The serum levels of Aspartate 
Aminotransferase (AST), Alanine Aminotransferase 
(ALT) and Alkaline Phosphatase (ALP) were measured 
using kits supplied by Biodiagnostic, Egypt. 

MDA and GSH content as well as SOD activity in 
hepatic tissue were determined spectrophotometrically 
using commercial kits supplied by Biodiagnostic, 
Egypt. 

Hepatic tissue content of TNF-α and 
Myeloperoxidase (MPO) were measured by ELISA 
(AssayPro and Hycult Biotechnology, USA 
respectively). 
 
Histopathological examination: Liver specimens were 
fixed in 10% formalin and embedded in paraffin. Tissue 
sections (4 μm) were stained with Hematoxylin and 
Eosin (H&E). Immunohistochemistry for caspase-3 was 
performed in sections prepared from formalin-fixed, 
paraffin-embedded tissue using the avidin-biotin 
immunodetection complex method according to the 
manufacture’s instruction (Labvision, USA). 
Interpretation of results was done semiquantitatively by 
evaluating both intensity and distribution of positive 
cells. Hepatocyte cells showing cytoplasmic staining 
for caspase-3, The intensity of caspase-3 
immunostaining was assessed as follows: none = 0, 
mild = 1, moderate = 2 and strong = 3. The 
immunohistochemical Histological score (H-score) was 
then calculated by multiplying the intensity by the 
percentage of liver cells showing positive staining for 
caspase-3, creating a range of possible scores of 0-300. 
 
Statistical analysis: Results are expressed as 
means±Standard Error of Mean (S.E.M.). Comparisons 
between different groups were carried out by one-way 
Analysis of Variance (ANOVA) followed by the 
Tukey-Kramer test. The level of significance was set at 
p<0.05. Graphpad software instat (version 2) was used 
to carry out statistical analysis. 
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RESULTS 
 

Effect of TQ or omega-3 on ALT, AST and ALP: 
Normal serum level of AST, ALT and ALP were 8.785, 
18.75 U/mL and 53.142 IU/L, respectively. I/R resulted 
in significant increase to 84.125, 69.013 U/mL and 
126.511 IU/L, respectively. Pre-treatment of TQ 
resulted in significant decrease to 17.750, 22.375 U/mL 
and 60.233 IU/L respectively, while treatment of 
omega-3   resulted   in   significant   decrease   to  
28.375, 23.250  U/mL  and 66.250  IU/L,  respectively  
(Table 1). 

Effect of TQ or omega-3 on hepatic MDA, GSH and 
SOD: Normal hepatic tissue content of MDA, GSH and 
SOD activity were 109.330 nmol/g, 457.221 
mg/g.tissue and 93.147 U/mg.tissue, respectively. I/R 
resulted in significant increase of MDA content to 
171.101 nmol/g.tissue and significant decrease of GSH 
content and SOD activity to 285.110 mg/g.tissue and 
37.753 U/mg.tissue respectively. Pre-treatment of TQ 
or omega-3 significantly decreased MDA content to 
114.207 and 111.233 nmol/g.tissue, significantly 
increased GSH content to 438.366 and 447.250 
mg/g.tissue and increased SOD activity to 79.851 and 
87.897 U/mg.tissue, respectively (Table 2).  

 
Table 1: Effect of TQ or omega-3 on the serum level of AST, ALT and ALP in intestinal I/R rats 

 
Parameters 
------------------------------------------------------------------------------------------------------------------------------ 

Groups AST unit/mL ALT unit/mL ALP IU/L 
Sham control 8.785±1.086 18.750±1.750 53.142±2.539 
I/R control 84.125a±7.691 69.013a±5.868 126.511a±6.582 
Thymoquinone 17.750b±2.104 22.375b±2.203 60.233b±3.454 
Omega-3 28.375ab±2.620 23.250b±2.624 66.250b±3.612 
Thymoquinone (10 mg/kg; P.O.) or omega-3 (300 mg/kg; P.O.) was administered for 14 days before I/R; Data are presented as the mean±S.E.M.; 
a:  Significantly different from sham control at p<0.05, b: Significantly different from I/R control at p<0.05; Statistical analysis was carried out 
by one way Analysis of Variance (ANOVA) followed by Tukey-kramer test 
   
Table 2: Effect of TQ or omega-3 on hepatic MDA and GSH contents and SOD activity in intestinal I/R in rats 
 Parameters (hepatic) 

------------------------------------------------------------------------------------------------------------------------------ 
Groups MDA nmol/g.tissue GSH mg/g.tissue SOD U/mg.tissue 
Sham control 109.330±8.750 457.221±19.711 93.147±8.250 
I/R control 171.101a±15.751 285.110a±23.696 37.753a±3.110 
Thymoquinone  114.207b±8.368 438.366b±33.854 79.851b±6.749 
Omega-3 111.233b±10.258 447.250b±38.542 87.897b±8.102 
Thymoquinone (10 mg/kg; P.O.) or omega-3 (300 mg/kg; P.O.) was administered for 14 days before I/R; Data are presented as the mean±S.E.M.; 
a: Significantly different from sham control at p<0.05; b: Significantly different from I/R control at p<0.05; Statistical analysis was carried out by 
one way Analysis of Variance (ANOVA) followed by Tukey-kramer test 
 

 
 
Fig. 1: Effect of TQ or omega-3 on hepatic content of TNF-α in intestinal I/R in rats  

Thymoquinone (10 mg/kg; P.O.) as well as omega-3 (300 mg/kg; P.O.) was administered for 14 days before I/R; a:  
significantly different from normal control at p<0.05; b: Significantly different from I/R control at p<0.05; Statistical 
analysis was carried out by one way Analysis of Variance (ANOVA) followed by Tukey-kramer test for multiple 
comparisons 
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Effect of TQ or omega-3 on hepatic TNF-α: The 
normal value of hepatic tissue content of TNF-α was 
72.380 pg/mg.tissue I/R resulted in significant increase 
to 211.649 pg/mg.tissue. Pre-treatment with TQ or 
omega-3 before I/R resulted in significant decrease to 
(64.626%) and (44.867%) respectively of I/R control 
value (Fig. 1).  

Effect of TQ or omega-3 on hepatic MPO: The 
normal value of hepatic tissue content of MPO was 
33.200 U/mg.tissue. I/R resulted in significant increase 
to 87.250 U/mg.tissue. Pre-treatment with TQ or 
omega-3 before I/R resulted in significant decrease to 
(68.401%) and (52.149%), respectively of I/R control 
value (Fig. 2). 

 

 
 
Fig. 2: Effect of TQ or omega-3 on hepatic content of MPO in intestinal I/R in rats 

Thymoquinone (10 mg/kg; P.O.) as well as omega-3 (300 mg/kg; P.O.) was administered for 14 days before I/R; a: 
Significantly different from normal control at p<0.05; b: Significantly different from I/R control at p<0.05; Statistical 
analysis was carried out by one way Analysis of Variance (ANOVA) followed by Tukey-kramer test for multiple 
comparisons 

 

 
 

Fig. 3: Hepatic histological findings of sham control group showed normal hepatocytes (A) those from I/R control group (B) 
showed strong degeneration and congestion in the hepatocytes with dilatation in the portal vein. Those treated with thy 
mo quinone (C) showed minor degeneration in hepatocytes and dilatation in the portal vein (pv); Those treated with 
omega-3 (D) showed normal hepatocytes and dilatation in the central vein  
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Fig. 4: Hepatic immunohistochemical staining of caspase-3 in sham control group was moderately positive in 30% of 

hepatocytes (E) those from I/R control group, caspase-3 was strongly positive in 40% of hepatocytes (F) those treated 
with thymoquinone caspase-3 was moderately positive in 40% of hepatocytes (G) those treated with omega-3 caspase-3 
was moderately positive in 40% of hepatocytes (H)  

 
Effect of TQ or omega-3 on hepatic 
histopathological finding: Rats subjected to I/R 
showed strong degeneration and congestion in the 
hepatocytes with dilatation in the portal vein. Rats 
treated with TQ showed minor degeneration in 
hepatocytes and dilatation in the portal vein. Rats 
treated with omega-3 showed normal hepatocytes and 
dilatation in the central vein (Fig. 3). 
 
Effect of TQ or omega-3 on hepatic 
immunohistochemical staining of caspase-3: 
Immunohistochemical staining of caspase-3 in sham 
control group was moderately positive in 30% of 
hepatocytes (H-Score = 60). While it was strongly 
positive in 40% of hepatocytes (H-Score = 120) in rats 
subjected to I/R. Rats treated with TQ and omega-3 
showed moderate staining of caspase-3 in 40% of 
hepatocytes (H-Score = 80; Fig. 4). 
 

DISCUSSION 
 

Intestinal I/R is considered to be a grave and 
triggering event in development of local and distant 
organ dysfunction (Zhao et al., 2010), which involves 
liver diseases (Sasaki and Joh, 2007). 

In the present study; intestinal I/R-induced hepatic 
failure confirmed biochemically by increasing in the 
hepatic enzymes AST, ALT and ALP as a measure of 
hepatic function. The elevation of liver enzymes is 
accepted as the most sensitive indexes of acute hepatic 
injury (Zhang et al., 2006). These results are in 
agreement with Li et al. (2008) and Sheth et al. (2011). 
Who reported that I/R significantly increased the 

transaminase levels as compared with the sham 
operated group. 

In support of our result histopathological 
examination showed strong degeneration and 
congestion in the hepatocytes in intestinal I/R rats 
which confirm the destructive effect of I/R on liver. The 
injury most likely due to the sudden reduction of the 
portal blood flow after the occlusion of the mesenteric 
artery followed by reperfusion, which increases the 
inflammation and oxidative damage in the liver. The 
significant reduction reported in the present study in the 
serum levels of AST, ALT and ALP of the 
thymoquinone and omega-3 treated groups confirm 
theycytoprotective effects of these drugs. Moreover 
thymoquinone showed a marked improve in the 
hepatocytes structure as well as omega-3 showed a 
normal histopathological result. This may be due to the 
direct protective effect of the drugs on the hepatocytes 
in addition to their anti-oxidant effect. TQ effect was in 
agreement with Daba and Abdel-Rahman (1998) who 
reported that TQ significantly protected isolated 
hepatocytes from tertbutylhydroperoxide induced 
toxicity and restores the levels of ALT and ALP. 
Omega-3  effect  was  in  agreement  with  Meganathan 
et al. (2011) who reported that Omega-3-Fatty acids 
lowering AST, ALT and ALP levels, beside its anti-
inflammatory effect due to decrease the production of 
pro-inflammatory cytokines. 

In the present study, hepatic tissue content of TNF-
α was significantly elevated in the intestinal I/R control 
group as compared to the sham-operated rats in 
agreement with Yang et al. (2001). Among the various 
cytokines, TNF-α has emerged as a key factor in 
assorted liver diseases (Hsu et al., 2010). 
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Reperfusion of the ischemic intestine results in 
intestinal mucosal barrier impairment, leading to 
endotoxemia that triggers a deleterious cascade 
including the production of ROS and further activates 
the intestinal macrophages and Kupffer Cells (KCs) 
(Towfigh et al., 2000). Activation of KCs, upregulates 
the production of inflammatory mediators including 
interleukin-1b, interleukin-6, tumor necrosis factor-
alpha and platelet activating factor (Giakoustidis et al., 
2006). 

In the current study, thymoquinone and omega-3 
markedly decreased hepatic tissue content of TNF-α. 
This is in accordance with Tekeoglu et al. (2006) who 
reported the anti-inflammatory effects of TQ on 
experimentally-induced arthritis in rats is associated 
with decreased levels of TNF-α. Salem (2005) 
attributed this to its antioxidant and anti-inflammatory 
properties. Omega-3 effect was in agreement with 
Skuladottir et al. (2007) who refer the anti-
inflammatory effect of omega-3 due to the significant 
reduction in the levels of IL-6 andTNF-α. 

The obtained data revealed that intestinal I/R 
resulted in a marked decrease in hepatic tissue content 
of GSH and the activity of SOD along with increased 
tissue content of LPO and MPO. Zhao et al. (2010) 
reported that the activity of SOD in the liver tissue 
decreased after intestinal I/R and stated that hepatic 
tissue content of GSH significantly decreased in the 
intestinal I/R group. A growing body of evidence 
indicates that oxidative stress plays an important role in 
the  pathogenesis  of  many  clinical  conditions (Cross 
et al., 1987). These changes were significantly 
ameliorated by TQ and omega-3 concurrent treatment. 
Omega-3 administration could cause its beneficial 
effects by its known anti-inflammatory properties 
through displacement of arachidonic acid from the 
cellular membrane, shifting of prostaglandin E2 and 
leukotriene B4 production (Beyazit et al., 2010).  

A very valuable and more selective tool to identify 
apoptotic cells in solid tissues may be the use of 
antibodies that specifically detect the cleaved (active) 
subunits of caspases-3, because activation of these 
enzymes constitutes a key molecular event during the 
process of apoptosis. In fact, the utility of this approach 
has been proven in previous studies by other groups 
(Tanaka et al., 2000; Gamonal et al., 2001). The present 
data showed that caspase-3, in rat liver was strongly 
activated in 40% of hepatocytes after intestinal I/R, 
compared to moderate activation in 30% of hepatocytes 
in sham control rats. This result are in agreement with 
Giakoustidis et al. (2006) and El Gazzar et al. (2007), 
who supposed that activated caspace-3 was widely 
expressed in theI/R group, although a very limited 
amount was detected in the sham operation animals. 
This activation of caspase-3 may explain the hepatic 
injury caused after the intestinal I/R. Thymoquinone 
administration in this study reduced apoptosis through 

decreasing the activation of caspase-3. This is in 
agreement with Fouda et al. (2008) who assumed that 
apoptosis and proliferative reactions are reduced by 
thymoquinone. On the other hand Xuan et al. (2010) 
believed that TQ is known to confer protection against 
tumor growth due to stimulation of tumor cell 
apoptosis. Administration of omega-3 in the present 
study also reduced caspase-3. This is in agreement with 
El-Ansary et al. (2011b). This reduction in caspase-3 
may be attributed to the powerful antioxidant effect of 
omega-3. 

As a quinone, TQ can be reduced by a variety of 
reductases to yield semiquinone (one reduction) or 
thymohydroquinone (two reductions). While the latter 
molecule is reported to have antioxidant effects (El-
Najjar et al., 2010). TQ has potent superoxide anion 
scavenging abilities and inhibits iron-dependent 
microsomal lipid peroxidation (Badary et al., 2003). 
While the effect of omega-3 may be due to their anti-
inflammatory effect (Beltz et al., 2007). The 
mechanisms include that omega-3 fatty acids decrease 
the production of pro-inflammatory cytokines, such as 
TNF-α (Song et al., 2009).  
 

CONCLUSION 
 

In conclusion, TQ and omega 3 have potential 
antifibrotic effect beside its anti-inflammatory and 
antioxidant activity via the protection of hepatic 
dysfunction induced by intestinal ischemia reperfusion. 
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