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Introduction
Ischemia reperfusion (IR) injury is a phenomenon whereby cellular 

damage in a hypoxic organ is accentuated following the restoration of 
oxygen delivery [1]. Hepatic IR injury is common in hypovolemic shock, 
hepatic trauma, liver surgery, myocardial infarction and cerebrovascular 
disease [2]. Pathophysiology of hepatic IR injury is associated with 
several inter-related oxidative and inflammatory pathways, including 
activation of Kupffer cells, infiltration of neutrophil, production of 
reactive oxygen species (ROS), increased levels of adhesion molecules 
and release of cytokines, mostly interleukin-6 (IL-6) and tumor 
necrosis factor-alpha (TNF-α), ultimately leading to hepatocyte injury 
and separation of sinusoidal endothelial cells [3].

Quercetin is the most common flavonoid present in plant kingdom, 
being abundant in capers, lovage, fennel, onion, blueberry, apples, 
tea and others [4]. Quercetin shows a powerful antioxidant, anti-
inflammatory and anti-fibrotic properties [5]. Antioxidant activity of 
Quercetin is partly due to its direct ability of radical scavenging. It was 
also reported to inhibit TNF-α production and gene expression in a 
dose-dependent manner [6]. 

Ursodeoxycholic acid (UDCA) is the therapeutic agent most widely 
used for the treatment of cholestatic hepatopathies [7]. However, 
a number of recent clinical and experimental data has shown the 
beneficial effects of UDCA in various non-cholestatic liver injuries 
[8,9]. This could be mediated by displacement of toxic bile acids from 
the bile acid pool in addition to choleretic, immunomodulatory and 
cytoprotective properties [10].

N-acetyl cysteine (NAC) is the most clinically effective source of
glutathione (GSH) and sulfhydryl groups, and is a direct scavenger 

of free radicals due to its ability to interact with ROS. It has also been 
reported to prevent apoptosis and increase cell survival by activating 
the extracellular signal regulated kinase pathway [11]. 

Based on these findings, the present investigation aims to evaluate 
the possible protective effects of Quercetin and UDCA, as compared to 
the standard NAC, on hepatic injury induced by ischemia followed by 
reperfusion in a rat model. The protective effects of test agents were to be 
evaluated by assessment of serum levels of alanine transaminase (ALT), 
aspartate transaminase (AST), alkaline phosphatase (ALP), lactate 
dehydrogenase (LDH) and total bilirubin (tBil) as hepatocyte integrity 
markers, serum levels of TNF-α, IL-6, cyclooxygenase-II (COX-II) and 
Lipooxygenase (LOX), and hepatic levels of myeloperoxidase (MPO) 
and nitric oxide end products (NOx) as inflammatory biomarkers, 
hepatic contents of malondialdhyde (MDA), glutathione reduced 
(GSH), catalase (CAT), superoxide dismutase (SOD) and glutathione-
S-transferase (GST) as oxidative stress biomarkers, and finally hepatic
content of adenosine triphosphate (ATP) as energy store biomarker.
A histopathological study was also performed to confirm results of
biochemical estimations.
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Material and Methods
Material

Animals: Adult male Wistar albino rats weighing 200-250 g were 
obtained from the animal house of Faculty of Medicine, Assuit University, 
Egypt. The animals were housed in a conditioned atmosphere at a 
temperature of 25 ± 1°C and kept free on standard diet and tap water ad 
libitum. Animal housing and handling were conducted in accordance 
with the recommendations of the National Institutes of Health (NIH) 
Guide for Care and Use of Laboratory Animals (Publication No. 86-23, 
revised 1985). 

Drugs, chemicals and reagent kits: Quercetin was purchased 
from Sigma-Aldrich chemical company (St Louis, MO, USA). UDCA 
and NAC were obtained from SEDICO (6th October, Giza, Egypt). 
Chemicals such as Hexadecayl trimethyl ammonium bromide, 
Dimethoxy benzidine, Thiobarbituric acid, GSH, Pyrogallol, N-(1-
Naphthyl) ethylenediamine dihydrochloride and 5,5`-dithio-bis-(2-
nitrobenzoic acid; DTNB) were purchased from Sigma-Aldrich (St. 
Louis, MO, USA). All other chemicals were obtained from local sources 
and were of analytical grade. Kits of ALT, AST and LDH were obtained 
from Bio System Company (Barcelona, Spain). ALP and tBil kits were 
obtained from Bio Diagnostic Company (Cairo, Egypt). TNF-α, IL-
6, COX-II and LOX ELISA kits were purchased from Glory Science 
Company (Del Rio, USA). ATP ELISA kit was purchased from Wkea 
Med Supplies Company (China). 

Experimental design

Thirty rats were divided into five groups, each of six rats. Allocation 
of animals in their groups was completely random, where rats were 
numbered from 1-30 and divided into groups 1-5 in group orders using 
random digit table in a two-digit manner. Doses of test agents were 
determined in pilot trials guided with published literature illustrated 
below. Animal groups were treated as follows:

Group I: Received vehicle alone, exposed to sham-operation and 
served as sham control.

Group II: Received vehicles alone, exposed to hepatic IR and served 
as IR control.

Group III: Received NAC in a dose of 150 mg/kg/day, p.o., once 
daily for seven consecutive days [12], followed by hepatic IR on seventh 
day and served as standard treatment group.

Group IV: Received Quercetin in a dose of 50 mg/kg/day, p.o., once 
daily for seven consecutive days [13], followed by hepatic IR on seventh 
day.

Group V: Received UDCA in a dose of 60 mg/kg/day, p.o. once daily 
for seven consecutive days [14], followed by hepatic IR on seventh day.

On seventh day, animals were sacrificed and blood and liver samples 
were collected as discussed in the Sampling section. 

Methods

Induction of hepatic IR injury: Rats were anaesthetized by 
ketamine (100 mg/kg) and xylazine (10 mg/kg) by intraperitoneal 
(i.p.) injection. The abdominal region was shaved with a safety razor 
and sterilized with povidone iodine solution. The rats in the sham 
control group and IR group were given sterile CMC 0.5% (4 ml/kg) as a 
vehicle. The rats in the IR group were exposed to total hepatic ischemia 
by clamping the hepatic artery, the portal vein, and the common bile 
duct (portal triad) with a micro-vascular clamp for 30 minutes. After 30 

minutes of complete hepatic ischemia, the clamp was removed and the 
reperfusion was initiated for 30 minutes [15].

Sampling: Soon after reperfusion, blood samples were collected 
through cardiac puncture technique. Serum was separated following 
centrifugation at 3500 rpm for 15 minutes at 4°C using a cooling 
centrifuge (Beckman model L3-50, USA) and stored at -20°C. Rats were 
then euthanized by cervical dislocation and livers were immediately 
dissected out. A portion of the liver tissue (obtained from median 
lobe) was homogenized in ice-cooled phosphate buffer saline using 
a homogenizer (Cole-Parmer instrument Company, USA) to obtain 
10% homogenate. Aliquots of the liver homogenate were stored at 
0-4°C prior to biochemical analysis. Another portion of the liver was 
preserved in 10% formalin solution in saline for histopathological 
examination.

Assessment of biochemical parameters: Serum ALT and AST 
activities were assayed by the method of Reitman and Frankel [16]. 
ALP activity was determined according to the method of Belfield and 
Goldberg [17]. Serum LDH was determined as previously described 
[18]. Serum tBil was determined according to the method of Walters 
and Gerarde [19]. Serum TNF-α was measured according to the method 
described by Wolters et al. [20]. Serum IL-6 was assayed according to 
the method of Chan and Perlstein [21]. Serum COX-II and LOX levels, 
and hepatic ATP content were measured by using ELISA kits according 
to manufacturing instructions based on the principle described by 
Van Weemen and Schuurs [22]. MPO was determined according to 
Manktelow and Meyer [23]. NOx was determined according to the 
method described by Montgomery and Dymock [24]. Hepatic MDA 
content was assayed according to methods of Mihara and Uchiyama 
[25]. Hepatic GSH content was measured according to the method 
of Ellman [26]. Antioxidant enzymes CAT and SOD were assayed 
according to Claiborne [27] and Marklund [28], respectively. GST 
was determined according to method described by Keen et al. [29]. 
Histopathological examination was performed according to the method 
described by Bancroft and Steven [30].

Statistical analysis: Data were presented as mean ± SEM. Statistical 
analysis of the data was carried out using one way analysis of variance 
(ANOVA) followed by Tukey-Karmer multiple comparisons test for 
post hoc analysis. Statistical significance was acceptable to a level of p < 
0.05. Data analysis was accomplished using the Statistical Package for 
Social Sciences (SPSS) software program (version 20).

Results
Effect of test agents on hepatocyte injury biomarkers

Serum ALT, AST, ALP, LDH and tBil levels were significantly 
increased in rats exposed to hepatic IR injury. Pretreatment of rats with 
NAC, Quercetin or UDCA significantly reduced serum levels of ALT, 
AST, ALP, LDH and serum tBil. Pretreatment with Quercetin showed 
a significantly higher hepatoprotective effect, while pretreatment with 
UDCA showed a lower hepatoprotective effect, when compared to 
NAC pretreatment regarding ALT and AST levels. Both agents were 
better than NAC regarding serum ALP, while NAC was better regarding 
serum LDH. Only UDCA was better than NAC regarding serum tBil 
(Table 1). 

Effect of test agents on inflammatory biomarkers 

Rats exposed to hepatic IR injury showed significantly higher 
serum TNF-α, IL-6, COX-II and LOX levels as well as tissue MPO and 
NOx levels compared to sham control rats. Alternatively, pretreatment 
with NAC, Quercetin or UDCA significantly corrected all these 
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Parameters Sham Control group(1) IR control group(2) NAC treatment group(3) Quercetin treatment 
group(4) UDCA treatment group(5)

ALT
(U/ml) 63.03 ± 0.613 251.33 ± 1.310a 148.62 ± 0.750a,b 135.82 ± 0.612a,b,c 171.12 ± 0.594a,b,c

AST
(U/ml) 92.00 ± 0.591 230.42 ± 1.150a 142.08 ± 0.739a,b 133.58 ± 0.473a,b,c 193.92 ± 0.991a,b,c

ALP
(U/L) 152.08± 0.345 292.47 ± 0.950a 255.57 ± 0.974a,b 239.12 ± 0.898a,b,c 234.53 ± 1.087a,b,c

LDH
(U/L) 1098.19 ± 12.510 4457.23 ± 40.767a 1598.02 ± 18.292a,b 1884.65 ± 22.414a,b,c 2855.37 ± 41.531a,b,c

tBil
(mg %) 0.37 ± 0.007 0.81 ± 0.011a 0.50 ± 0.030a,b 0.47 ± 0.012a,b 0.38 ± 0.008b,c

Data are expressed as mean ± SEM (n = 6). Multiple comparisons were done using one-way ANOVA followed by Tukey-Karmer as post ANOVA test. 
(1)Sham control group received CMC (vehicle; 0.5%) orally at a dose 4 ml/kg body weight. (2)Ischemia-reperfusion group, subjected to portal triad occlusion for 30 minutes 
followed by reperfusion for 30 minutes. (3)NAC was given orally at a dose of 150 mg/kg/day for seven consecutive days prior to IR injury. (4)Quercetin was given orally at 
a dose of 50 mg/kg/day for seven consecutive days prior to IR injury. (5)UDCA was given orally at a dose of 60 mg/kg/day for seven consecutive days prior to IR injury. 
aSignificantly different from sham control group, bSignificantly different from IR group, cSignificantly different from standard treatment (NAC) group at p < 0.05.
ALP: Alkaline phosphatase, ALT: Alanine transaminase, AST: Aspartate transaminase, IR: Ischemia-reperfusion, LDH: Lactate dehydrogenase, NAC: N-acetylcysteine, 
tBil: Total bilirubin, UDCA: Ursodeoxycholic acid 
Table 1: Effect of NAC, Quercetin and UDCA on biomarkers of hepatocyte integrity in rats with hepatic IR injury

inflammatory markers by varying degrees. Quercetin was significantly 
better than NAC regarding TNF-α, COX-II, LOX and NOx levels. 
Alternatively, UDCA was significantly better than NAC concerning 
NOx, while NAC was better concerning MPO (Table 2).

Effect of test agents on oxidative stress biomarkers  

Hepatic IR injury was associated with significant elevation of 
hepatic MDA production, coupled with significant reductions of 
hepatic GSH, CAT, SOD and GST contents. Pretreatment of rats 
with NAC, Quercetin or UDCA significantly corrected all markers of 
oxidative stress compared to IR control rats. In comparison to NAC 
pretreated group, Quercetin and UDCA caused more significant 
reduction in hepatic MDA which suggested that Quercetin and UDCA 
are stronger antioxidants than NAC. Regarding hepatic SOD and GST 
levels, Quercetin was better than NAC, while NAC was better than 
UDCA (Table 3).

Effect of test agents on energy store biomarkers

Significant depletion of ATP stores in IR rats compared to sham 
control rats was observed. Pretreatment with NAC, Quercetin or 
UDCA significantly restored hepatic ATP levels when compared to rats 
exposed to hepatic IR injury alone. Compared to NAC, Quercetin was 
significantly better than NAC regarding ATP restoration, while NAC 
was better than UDCA in this regard (Table 3).  

Histopathological study

Results of histopathological study showed loss of normal hepatic 
architecture with massive inflammatory infiltration in IR sections, 
coupled with restoration of hepatic architecture with reduction of 
inflammatory infiltration in all treatment groups (Figures 1-5).   

Discussion
Hepatic IR is an important problem after liver transplantation and 

surgical resection. Since it is inevitable in most cases [31], it needs 
proper prophylactic intervention. We focused our analysis on the 
early phase of IR-induced liver damage, which is characterized by ROS 
formation following re-oxygenation, associated with the activation of 
pro-inflammatory mediators such as cytokines coupled with infiltration 
of inflammatory cells such as liver Kupffer cells, which are able to 
produce even more ROS [32,33]. 

Serum ALT, AST, ALP, LDH and tBil are the most sensitive 
biochemical markers employed in the diagnosis of hepatic dysfunction 

[34]. Cytokines like TNF-α and IL-6 are released in inflammatory 
conditions [35,36], while COX-II and LOX enzymes participate 
strongly in progression of inflammation [37,38]. MPO is an indicator 
of inflammation as it reflects degree of inflammatory infiltration [39]. 
NOx is released from endothelium and other cells in inflammed tissues 
[40]. MDA is an end product of lipid peroxidation and reflects degree 
of oxidative stress [41]. Anti-oxidant peptides like GSH, and enzymes 
like CAT, SOD and GST, are depleted or suppressed in oxidative stress 
conditions [42]. Energy is stored in cells in the form of ATP, and hence 
ATP content in tissues reflects energy store [43,44]. That is, assessment 
of the aforementioned parameters estimates effects of test agents on 
hepatocyte injury, inflammation, oxidative stress and energy depletion. 

The present investigation aims to elucidate the possible protective 
effects of two agents with promising backgrounds, namely Quercein 
and UDCA, on liver injury induced experimentally in rats by ischemia 
followed by reperfusion. 

In our model, rats subjected to hepatic IR showed marked 
hepatocellular injury evidenced by serum ALT, AST, ALP, LDH and 
tBil elevations compared to sham control rats (Table 1), supported by 
histopathological lesions in liver sections obtained from IR control 
rats (Figures 1 and 2). These findings come in agreement with the 
results found in previous studies of hepatic IR injury in rats [45,46]. 
On the other hand, significant decreases of ALT, AST, ALP, LDH and 
tBil compared to IR control rats were observed (Table 1), and again 
confirmed by results of histopathological examination (Figures 3-5). 
These results suggest that Quercetin and UDCA are able to protect 
the membrane integrity and hepatocyte functionality against hepatic 
IR that induces leakage of marker enzymes into the circulation. In 
agreement, Quercetin and UDCA were reported to protect hepatocytes 
against noxious insults in different experimental models of liver injury, 
like chemical injury with polychlorinated biphenyls or with amoxicillin/
clavulanic acid combination [47,48].  

Results of our work showed a strong link between hepatic IR injury 
and inflammation, evidenced by significant elevations of all measured 
serum and tissue inflammatory markers, namely serum TNF-α, 
IL-6, COX-II and LOX, and tissue MPO and NOx, coupled with 
apparent histopathological inflammatory infiltration. In agreement, 
inflammatory cytokines in general, mostly TNF-α and IL-6, were 
reported to be up-regulated in IR injury and can initiate additional 
cellular inflammatory responses, affecting liver cell survival, ultimately 
causing organ injury [35,36]. In parallel, other important inflammatory 
enzymes like COX-II and LOX were reported to play an important role 
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in initiation and activation of inflammatory cells such as Kupffer cells 
and neutrophils that initiate inflammatory and oxidative injury during 
hepatic IR [37,38]. Additionally, MPO level in tissues is known to be a 
direct marker of inflammatory infiltration as this enzyme is present in 
high amounts in inflammatory cells like neutrophils and macrophages 
[39]. Additionally, during ischemia, there is increased inducible nitric 
oxide synthase (iNOS) expression, yielding huge amounts of nitric 
oxide (NO) and its reaction products like peroxynitrite, which have 
been shown to be involved in oxidative and nitrosative stress that 
accompany inflammatory hepatic injury [40]. 

According to our results, pretreatment with Quercetin or UDCA 
significantly corrected all measured inflammatory biomarkers, and 
corrected histopathological inflammatory infiltration by varying 
degrees (Table 2, Figures 2-5). In agreement, anti-inflammatory 
potentials of Quercetin and UDCA were reported in different animal 
models. Quercetin was reported to have anti-inflammatory effects 
in rats with non-alcoholic fatty liver or cholestatic injury [49,50]. 
Additionally, UDCA was shown to have anti-inflammatory potential 
on chemically-induced liver injury [48] and inflammatory bowel 
disease both in vivo and in vitro [51]. In disagreement, Quercetin was 
reported to downregulate COX-II transcription in human lymphocytes 
ex vivo but not in vivo [52]. 

Our results showed also association of hepatic IR injury with 
oxidative stress, evidenced by elevated hepatic MDA level, coupled 
with suppressed hepatic GSH, CAT, SOD and GST levels (Table 3). 
In agreement, hepatic IR injury in experimental rats was associated 
with oxidative stress [53]. Inflammatory infiltration and release of 
inflammatory mediators was reported to be coupled with oxidative 
stress. Activation of kupffer cells and neutrophils causes endothelial 
and hepatocellular damage through release of ROS and proteases, 
which exacerbates the structural damage and functional impairment 
of the liver [1,54]. MDA is an important indicator of oxidative injury 
[41]. Additionally, levels of GSH and anti-oxidant enzymes like CAT, 
SOD and GST were reported to be suppressed in conditions of oxidative 
stress caused by hepatic IR injury in rats [42]. 

In the present investigation, oxidative stress caused by hepatic 
IR injury was significantly corrected by Quercetin or UDCA 
pretreatments, evidenced by significant corrections of tissue MDA, 
GSH, CAT, SOD and GST levels (Table 3). In agreement, Quercetin was 
reported to alleviate oxidative stress in a rat model of hepatic IR injury 

Parameters Sham control group(1) IR control group(2) NAC treatment group(3) Quercetin treatment group(4) UDCA treatment group(5)

TNF-α
(pg/ml) 96.10 ± 0.563 119.33 ± 1.166a 103.03 ± 0.662a,b 99.63 ± 0.970b,c 105.43 ± 0.849a,b

IL-6
(pg/ml) 6.95 ± 0.171 9.00 ± 0.106a 7.31 ± 0.123b 7.01 ± 0.160b 7.83 ± 0.099a,b

COX-II
(pg/ml) 60.65 ± 0.351 77.01 ± 0.836a 65.03 ± 0.442a,b 60.93 ± 0.427b,c 66.20 ± 0.440a,b

LOX
(pg/ml) 230.12 ± 3.033 328.62 ± 3.834a 306.80 ± 3.001a,b 276.58 ± 3.217a,b,c 309.65 ± 3.712a,b

MPO
(U/g) 8.98 ± 0.173 19.56 ± 0.207a 13.94 ± 0.188a,b 13.58 ± 0.182a,b 16.84 ± 0.108a,b,c

NOx
(μmol/g) 17.92 ± 0.181 52.54 ± 0.435a 36.14 ± 0.433a,b 22.29 ± 0.398a,b,c 26.55 ± 0.212a,b,c

Data are expressed as mean ± SEM (n = 6). Multiple comparisons were done using one-way ANOVA followed by Tukey-Karmer as post ANOVA test. 
(1)Sham control group received CMC (vehicle; 0.5%) orally at a dose 4 ml/kg body weight. (2)Ischemia-reperfusion group, subjected to portal triad occlusion for 30 minutes 
followed by reperfusion for 30 minutes. (3)NAC was given orally at a dose of 150 mg/kg/day for seven consecutive days prior to IR injury. (4)Quercetin was given orally at 
a dose of 50 mg/kg/day for seven consecutive days prior to IR injury. (5)UDCA was given orally at a dose of 60 mg/kg/day for seven consecutive days prior to IR injury. 
aSignificantly different from sham control group, bSignificantly different from IR group, cSignificantly different from standard treatment (NAC) group at p < 0.05.
COX-II: Cyclo-oxygenase II, IL-6: Interleukin-6, IR: Ischemia-reperfusion, LOX: Lipo-oxygenase, MPO: Myeloperoxidase, NAC: N-acetylcysteine, NOx: Nitric oxide end 
products, TNF-α: Tumor necrosis factor-alpha, UDCA: Ursodeoxycholic acid
Table 2: Effect of NAC, Quercetin and UDCA on inflammatory biomarkers in rats with hepatic IR injury

Figure 1: A photomicrograph of liver section obtained from normal adult 
male albino rats subjected to sham operation, showing normal histological 
structure of central vein (CV) and surrounding hepatocytes (h) in hepatic 
parenchyma.

Figure 2: A photomicrograph of liver section obtained from adult male albino 
rats, exposed to hepatic IR injury; showing severe congestion in portal vein 
(PV) with inflammatory cells infiltration (m) in portal area and sinusoids (s). 

Figure 3: A photomicrograph of liver section obtained from adult male albino 
rats exposed to hepatic IR injury and pretreated with NAC (150 mg/kg/day, 
7 days); showing mild dilatation in central vein (CV) and sinusoids (s) with 
diffuse Kupffer cells proliferation in between the hepatocytes. 
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[41]. Moreover, UDCA was recently reported to decrease oxidative 
stress in a rat model of bile duct obstruction [55]. 

Concerning hepatocyte energy stores, hepatic ATP level was 
significantly depleted in IR rats (Table 3). In agreement, hepatic ATP 
depletion was reported to associate hepatic IR injury [56]. Mitochondrial 
damage has been recognized as an important component of IR-induced 
tissue injury. Deprivation of O2 and nutrient delivery during liver 
ischemia depletes cellular ATP and energy stores, leading to further 
injury. Meanwhile, ATP is consumed by ATPase pumps trying to 
correct ion overload [43,44]. 

Quercetin and UDCA pretreatments significantly replenished 
the depleted ATP stores in IR rats in the present investigation (Table 
3). In agreement, Quercetin was reported to protect mitochondrial 
membranes and improve ATP stores in isolated pancreatic cells 
through inhibition of cholecystokinin mitochondrial dysfunction 
[57]. In disagreement, UDCA was reported to cause ATP depletion in 
HepG2 cells in vitro [58]. Preservative effects of Quercetin and UDCA 
on hepatic ATP stores in the present study may be secondary to anti-
oxidant and anti-inflammatory effects. 

Conclusion
Quercetin and UDCA have protective effects on hepatic IR injury 

in experimental rats, mostly due to anti-inflammatory, anti-oxidant 
and energy-preserving potentials. Quercetin is a more powerful anti-
oxidant, anti-inflammatory and energy-preserving agent compared to 
NAC, whereas UDCA has more or less the same power of NAC. These 
results are promising for further clinical trials on Quercetin and UDCA 
on clinical cases of inevitable hepatic IR injury in man. 

Figure 4: A photomicrograph of liver section obtained from adult male 
albino rats exposed to hepatic IR injury and pretreated with quercetin (50 
mg/kg/day, 7 days); showing mild congestion in central vein (CV) with few 
diffuse Kupffer cells proliferation (arrow) between the hepatocytes. 

Figure 5: A photomicrograph of liver section obtained from adult male albino 
rats exposed to hepatic IR injury and pretreated with UDCA (60 mg/kg/day, 7 
days); showing moderate dilatation in the central vein (CV) and sinusoids (s) 
associated with diffuse Kupffer dells proliferation in between the hepatocytes 
(arrow).

Parameters Sham control group(1) IR control group(2) NAC treatment group(3) Quercetin treatment 
group(4) UDCA treatment group(5)

MDA
(nmol/g) 5.29 ± 0.115 13.44 ± 0.067a 8.54 ± 0.113a,b 5.76 ± 0.095a,b,c 6.74 ± 0.089a,b,c

GSH
(µmol/g) 5.62 ± 0.059 2.35 ± 0.049a 5.03 ± 0.043a,b 4.10 ± 0.051a,b,c 3.57 ± 0.109a,b,c

CAT
(U/g) 0.0213 ± 0.00029 0.0127 ± 0.00032a 0.0198 ± 0.00071b 0.0176 ± 0.00030a,b,c 0.0125 ± 0.00020a,c

SOD
(U/g) 3.60 ± 0.072 1.55 ± 0.083a 3.12 ± 0.091a,b 3.35 ± 0.060b 2.46 ± 0.082a,b,c

GST
(U/g) 3.47 ± 0.035 2.32 ± 0.015a 3.26 ± 0.017a,b 3.42 ± 0.020b,c 3.02 ± 0.014a,b,c

ATP
(ng/g) 7.12 ± 0.097 4.70 ± 0.102a 6.38 ± 0.044a,b 6.90 ± 0.033b,c 5.54 ± 0.047a,b,c

Data are expressed as mean ± SEM (n = 6). Multiple comparisons were done using one-way ANOVA followed by Tukey-Karmer as post ANOVA test. 
(1)Sham control group received CMC (vehicle; 0.5%) orally at a dose 4 ml/kg body weight. (2)Ischemia-reperfusion group, subjected to portal triad occlusion for 30 minutes 
followed by reperfusion for 30 minutes. (3)NAC was given orally at a dose of 150 mg/kg/day for seven consecutive days prior to IR injury. (4)Quercetin was given orally at 
a dose of 50 mg/kg/day for seven consecutive days prior to IR injury. (5)UDCA was given orally at a dose of 60 mg/kg/day for seven consecutive days prior to IR injury. 
aSignificantly different from sham control group, bSignificantly different from IR group, cSignificantly different from standard treatment (NAC) group at p < 0.05.
ATP: Adenosine triphosphate, CAT: Catalase, GSH: Glutathione reduced, GST: Glutathione-S-transferase, IR: Ischemia-reperfusion, MDA: Malondialdehyde, NAC: 
N-acetylcysteine, SOD: Superoxide dismutase, UDCA: Ursodeoxycholic acid
Table 3: Effect of NAC, Quercetin and UDCA on biomarkers of oxidative stress and energy depletion in rats with hepatic IR injury
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