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Abstract

Introduction: Renal ischemia-reperfusion (RIR) is one of the reasons of acute renal failure (ARF).
Furthermore, RIR induces oxidative stress in the liver.

Objectives: Considering the role of gallic acid (GA) as an antioxidant, we used GA to investigate its
effect on liver oxidative stress markers in RIR injury in rats.

Materials and Methods: Twenty-two adult male Sprague-Dawley rats were randomly divided into 3
groups; group | (control; non-ischemic animals, n = 8), group Il (renal I/R injury, n = 7) and group IlI
(renal I/R injury + GA 100 mg/kg i.p daily, n = 7). Pedicles were occluded for 45 minutes (ischemia)
and subjected to 24 hours of reperfusion. Daily pretreatment began 15 days before the induction of
RIR. Hepatic malondialdehyde (MDA) and glutathione (GSH) were determined, and catalase (CAT)
and glutathione peroxidase (GPX) activities in the liver were assessed.

Results: The level of MDA in the liver significantly decreased in treated RIR rats compared with
the untreated group. The level of GSH in the liver increased in treated RIR rats compared with the
untreated group. CAT and GPX activities in the liver were significantly less in the untreated group
than the control one. GA significantly increased CAT and GPX activities in the liver of the treated
group.

Conclusion: Our study showed that the pretreatment with GA as an antioxidant agent has protective
effects on liver oxidative stress markers in RIR injury in rats.

Introduction

Renal ischemia-reperfusion (RIR) is one of
the reasons of acute renal failure (ARF) (1).
It has been demonstrated that renal ischemia
is a major incident that usually happens due
to renal transplantation, heminephrectomy,
repair of suprarenal aneurysm, cardiac
arrest, hemorrhagic shock and heart failure

Core tip

Our study shows GA reduced the level of MDA
and increased level of GSH and CAT and GPX
activity in renal ischemia-reperfusion treated
group. The authors hope, the results of the
present study help to improve liver function in
patients with renal injuries.

(1,2). Ischemia reperfusion injury (IRI) is
a pathophysiological process that induces
cell damage, cell death, tissue necrosis and
multi-organ dysfunction. I/R also causes
oxidative stress (3). The main factors
which cause kidney damage during I/R are
the production of reactive oxygen (ROS)
or nitrogen species (RNS) (4). These free
radicals have cytotoxic effects such as protein
oxidation, lipid peroxidation (LPO), and
DNA damage and apoptosis creation (5).
Malondialdehyde (MDA) is produced by the
oxidation of polyunsaturated fatty acids and
provides a good marker of oxidative stress-

mediated LPO (6).

The endogenous antioxidants such as
superoxide dismutase (SOD), catalase
(CAT) and glutathione (GSH) are involved
in the defense against free radicals and
oxidative stress. In the pathogenesis of
many disorders such as renal I/R injury, an
imbalance between oxidant and antioxidant
system can be observed (5). Hence, using
exogenous antioxidants for the treatment of
such diseases has attracted special attention
(7).

Gallic acid (GA) is also called 3,4,5-
trihydroxybenzoic acid. We can find it
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in gallnuts, sumac, witch hazel, oak bark, green tea,
pineapple, grapes and other plants (8). Tea is the major
source of GA (8). GA is known as a strong antioxidant
and has antimutagenic and anticarcinogenic activities
(8,9). Regarding the biochemical structure of GA, it has
three hydroxyl groups bonded to the aromatic ring in the
an ortho position, which shows the strongest free radical,
scavenging activity (9). This property is good for the
antioxidant activity of phenolic acids (8,9).

Renal ischemia-reperfusion (RIR) may cause the
insufficiency of other organs such as the lung, brain
and liver (10,11). RIR makes hepatotoxicity in rats (10)
and induces oxidative stress in the liver, which causes its
dysfunction (10,11). Previous studies have shown that GA
has a protective effect on RIR injury and hepatic damage
(10,11).

Objectives

Considering the role of RIR in the induction of liver
oxidative stress, we used GA as an antioxidant agent to
investigate its effect on liver oxidative stress markers in
RIR injury in rats. So far, no detailed research has been
carried out on the effect of GA on liver oxidative stress
markers in RIR injury in rats.

Materials and Methods

Twenty-two adult male Sprague-Dawley rats (weighting
180-200 g) were taken from Pasteur Institute of Iran.
They were housed in a room with the controlled
temperature of 22°C and humidity of 50 £10% with the
12 hours light/dark cycle in the animal lab of Razi Herbal
Medicines Research Center. These animals were fed on
laboratory pellet chows and given water ad libitum. They
were randomly divided into 3 groups; group I (control;
nonischemic animals); group II (renal I/R injury) and
group IIT (renal I/R injury + GA 100 mg/kg i.p daily).
Daily pretreatment began 15 days before the induction of
RIR and GA was administrated intraperitoneally to the
rats.

Surgery method

The rats were anesthetized intraperitoneally by the
injection of chloral hydrate (400 mg/kg). Then, their
abdominal regions were shaved and sterilized with the
povidone-iodine solution. To perform ischemia, the
abdominal cavity was opened by a midline incision
and the renal pedicles were carefully isolated. The right
and left pedicles were occluded by using no traumatic
vascular clamps for 45 minutes. Occlusion of renal
artery was confirmed by observing color change in the
entire kidney surface and some increase in the kidney
size. After removing the renal clamps, the kidneys were
observed for 5 minutes to ensure the return of the renal
blood circulation. Then, 1 mL of sterile saline (37°C) was
injected intraperitoneally and the incision was closed
in 2 layers with a 4-0 silk suture. During 45 minutes of
ischemia, both intestines and kidneys were covered
with a humid, hot and sterilized gauze (12). At the end

of the reperfusion period, the animals were euthanized
with Nesdonal (50 mg/kg, i.p). The livers were removed
immediately and used fresh or kept frozen for further
analyses.

Biochemical analysis

Determination of LPO

The liver content of MDA, as a product of LPO, was
measured by the thiobarbituric acid (TBA) assay. The
liver content of MDA was also analyzed using a Shimadzu
spectrophotometer (Tokyo, Japan) (13).

Assay of CAT activity

CAT activity was estimated using the method of Sinha.
The reaction was started by the addition of 20 uL of the
sample to 2 mL of 30 mmol/L hydrogen peroxide (H202)
in 50 mmol/L potassium phosphate buffer with pH 7.0.
Enzyme units were expressed as mmol/L of the consumed
H202 per mg-protein (14).

Assay of GPX activity
GPX activity was measured according to our previous
study (14).

Assay of GSH

The liver content of GSH was assayed
spectrophotometrically at 412 nm according to the
method of Ellman using a Shimadzu spectrophotometer
(Tokyo, Japan). The content of GSH was expressed in
nmol/mg protein (14).

Ethical issues

The research followed the tenets of the Declaration
of Helsinki. The research was approved by ethical
committee of Lorestan University of Medical Sciences.
Prior to the experiment, the protocols were confirmed
to be in accordance with the Guidelines of Animal Ethics
Committee of Lorestan University of Medical Sciences.
We also followed the guidelines of National Health and
Medical Research Council.

Statistical analysis

All the values were expressed as mean * standard
deviation (SD). The data were compared between the
groups by one-way analysis of variance (ANOVA)
followed by Tukey’s test. Statistical analyses were done in
SPSS 13 for Windows. P values < 0.05 were considered
statistically significant.

Results

Effect of GA on the liver MDA level of RIR rats

The level of MDA in the liver is demonstrated in Figure
1. The level of liver MDA significantly increased in the
untreated compared with control groups (111.71+7.02
vs. 47.21 + 9.64 nmol/mg protein). The level of the liver
MDA significantly decreased in the treated group and was
close to the liver MDA level in the control group (64.83
+7.51 vs. 47.21 + 9.64 nmol/mg protein). These numbers
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Figure 1. Effect of GA on MDA level in liver homogenate in control,
untreated and treated RIR rats.

Values represented as mean + SD. *Indicates significance of data
comparing with control group (P < 0.001). # Indicates significance
of data comparing with IR group (P < 0.001)

showed that the pretreatment of GA in the RIR rats could
inhibit the increase of MDA in comparison with the
untreated animals.

Effect of GA on the liver GSH level of RIR rats:

The level of GSH in the liver is demonstrated in Figure
2. The level of the liver GSH significantly decreased in
the untreated compared with control groups (16.96+ 2.22
vs. 37.06 = 7.21 nmol/mg protein). The level of the liver
GSH significantly increased in the treated group and was
close to the liver GSH level in the control group (27.94
+10.11 vs. 37.06 + 7.21 nmol/mg protein). These numbers
showed that the pretreatment of GA in the RIR rats could
inhibit the decrease of GSH in comparison with the
untreated animals.

Effect of GA on liver CAT activity in RIR rats

The liver CAT activity is demonstrated in Figure 3. The
liver CAT activity in the untreated group was significantly
less than the control group (11.54 + 4.02 vs. 54.73 +15.97
U/mg protein). The liver CAT activity in the treated
group was significantly more than that in the untreated
group (29.18 + 13.56 vs. 11.54 + 4.02 U/mg protein). The
CAT activity of the liver of the treated group was less than
that of the control group, while it was more than that of
the untreated group.

Effect of GA on liver GPX activity in RIR rats

The liver GPX activity is demonstrated in Figure 4. The
liver GPX activity in the untreated group was significantly
less than that of the control group (85.35 + 7.51 wvs.
108.23 +12.35 U/mg protein). The liver GPX activity in
the treated group was significantly more than that of the
untreated group (145.73 £16. 59 vs. 85.35 + 7.51 U/mg
protein). The GPX activity in the liver of the treated group
was more than that of the control group.

Discussion

The results of this study showed that GA could reduce
the liver LPO and increase GSH in RIR rats. It could
also increase the reduced liver CAT and GPX in
treated animals. It has been proved that oxidative stress

Gallic acid and liver oxidative stress markers
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Figure 2. Effect of GA on GSH level in liver homogenate in control,
untreated and treated RIR rats.

Values represented as mean + SD. *Indicates significance of data
comparing with control group (P < 0.001). # Indicates significance
of data comparing with IR group (P < 0.001)
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Figure 3. Effect of GA on CAT activity in liver homogenate in
control, untreated and treated RIR rats.

Values represented as mean =+ SD. *Indicates significance of data
comparing with control group (P < 0.001). # Indicates significance
of data comparing with IR group (P < 0.001)
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Figure 4. Effect of GA on GPX activity in liver homogenate in
control, untreated and treated RIR rats.

Values represented as mean + SD. *Indicates significance of data
comparing with control group (P < 0.001). # Indicates significance
of data comparing with IR group (P < 0.001)

contributes to the pathogenesis of many disorders such
as renal I/R injury (5). It also happens in the liver during
renal I/R (11). Free radicals cause LPO, DNA damage
and apoptosis creation (5) and have a major role in the
development of many diseases including atherosclerosis,
inflammatory injury, neurodegenerative diseases, cancer
and accelerated ageing of organisms (5). It has also been
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reported that ROS and RNS are related to renal injury
during I/R (4). A previous study showed that GA as an
antioxidant agent had protective effects on the liver and
kidney LPO, GSH contents, GPX, SOD, GST and CAT
activities in lindane-induced toxicity in experimental
rats (15). Another study demonstrated that GA had
beneficial effects on LPO, total thiol and GPX contents
in oxidative stress induced by 6-hydroxydopamine in rats
(16). Antioxidants such as tannic acid, GA, ellagic acid
and propyl gallate can protect cells from oxidative stress
(17). Thus, using antioxidants is useful for the treatment
of diseases caused by oxidative stress. In this study, the
liver LPO was significantly increased in RIR animals
compared with the control group. Pretreatment of I/R
group with GA significantly inhibited the elevation of
MDA compared with the untreated group. MDA is a good
marker of LPO caused by oxidative stress (6). The liver
GSH level was significantly decreased in the untreated
animals compared with the control group, while GA
pretreatment significantly increased GSH level in the
treated compared with untreated groups. GPX and CAT
activities were significantly less in the untreated rats than
the control group. The antioxidant enzymes GPX and
CAT are indicators of antioxidant status (18). Results
of this study have been confirmed by similar studies on
different antioxidants (19).

A previous study demonstrated that GA improved
antioxidant defenses against toxicity caused by lead in
the blood, liver and kidney of rats (20). GA reduced LPO
and ameliorated oxidative stress in the liver from hepatic
ischemia and reperfusion rats (21). Furthermore another
research has also shown that both GA and tannic acid
decrease LPO and increase the biomarkers of oxidative
stress including GSH, SOD, CAT and GPX in cisplatin-
induced nephrotoxicity in rats (22). Results of our study
corresponded with other research showing that GA can
reduce LPO and increase GSH level, GPX and CAT
activities. Hence, using GA as a natural antioxidant, has
protective effects on LPO, GSH level, GPX and CAT
activities, and might be helpful in inhibiting the bad
effects of RIR on other organs such as the liver. Moreover,
another research has shown the protective effect of free
radical scavengers and antioxidants on IRI (18,22). Thus,
antioxidant therapy is an important strategy for reducing
the bad effects of renal IRI. However, the detailed
protective mechanisms of GA against the liver oxidative
stress-induced RIR cannot be fully explained by our
results. It has been suggested that antioxidant preservation
applied by GA is directly related to its direct function as
a free radical scavenger (23). Hence, GA as an effective
antioxidant could be suggested as a therapeutic agent for
decreasing complications of RIR such as liver injury.

Conclusion

Our results showed that GA had a good antioxidant
protection and also beneficial effects on decreasing
elevated liver LPO and increasing reduced liver GSH

level and antioxidant enzymes in RIR rats. Therefore, the
reduction of LPO and elevation of antioxidant enzyme
activities can inhibit the bad effects of RIR on other
organs such as the liver.
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