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ABSTRACT

Introduction: Glutathione (GSH) protects the tissue and cell from oxidative injury.
Objectives: In the current study, we investigated the possible effects of GSH on liver markers,

oxidative stress and inflammatory indices in rat with renal ischemia reperfusion (RIR) injury.
Materials and Methods: Twenty-four adult male Wistar rats were divided into 3 groups (n=8).
Group I (the control group), group II (the RIR group) received saline (0.25 mL/d, intraperitoneally;
i.p.), group III as the RIR group that received GSH (100 mg/kg/d, i.p.). The treatment with saline or
GSH began daily 14 days before RIR induction. RIR was induced by clamping renal pedicles for 45
minutes and 24 hours of reperfusion.

Results: RIR significantly increased the serum level of nitric oxide (NO), the serum activities
of aspartate aminotransferase (AST), alkaline phosphatase (ALP), gamma-glutamyltransferase
(GGT), the serum and renal levels of malondialdehyde (MDA), and the serum activity of
myeloperoxidase (MPO). However, RIR significantly decreased the serum and renal levels of
GSH, serum paraoxonase 1 (PON1) activity, and the serum and renal activities of catalase (CAT)
and glutathione peroxidase (GPX). GSH administration could significantly improve the serum
activities of AST, GGT, MPO, GPX and PON1 and serum levels of NO, renal MDA, GSH levels, and
serum and also renal CAT activities.

Conclusion: Our study indicated that GSH administration ameliorated RIR injury in rats by
improving the activities of liver markers and antioxidant enzymes, the levels of MDA, NO, GSH
and MPO activity.

Implication for health policy/practice/research/medical education:

Our study indicated that glutathione could ameliorate lipid peroxidation, the activities of liver markers, antioxidant enzymes, and the
levels of glutathione, nitric oxide, and myeloperoxidase activity in ischemia reperfusion injury treated group.

Please cite this paper as: Ahmadvand H, Babaeenezhad E, Nasri M, Jafaripour L, Mohammadrezaei Khorramabadi R. Glutathione
ameliorates liver markers, oxidative stress and inflammatory indices in rats with renal ischemia reperfusion injury. ] Renal Inj Prev.
2019;8(2):91-97. DOL: 10.15171/jrip.2019.18.

Introduction

the tissue injury is also induced by the reperfusion (1,2).

Renal ischemia reperfusion (RIR) injury is one of the
causes of acute kidney failure (AKF). It may be induced
by some conditions such as sepsis, trauma, and kidney
transplantation. Renal ischemia begins a series of incidents
that can finally cause cell dysfunction and cell death. The
restoration of blood to tissues, which underwent ischemia,
can make the recovery of the normal tissue function, while

So far, the precise mechanisms of the pathogenesis of
ischemia reperfusion (IR) injury have not been fully
demonstrated. It has been suggested that multiple
factors participate in the pathogenesis of IR injury such
as hypoxia, free radical-mediated injury, inflammation,
and cellular apoptosis. Acute ischemia modulates an
acute inflammation which is demonstrated by neutrophil
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activation (2). Activated neutrophils make tissue damage
through the generation and release of reactive oxygen
metabolitesand cytotoxic proteins such as myeloperoxidase
(MPO), proteases, and lactoferrin into the extracellular
space (3). Nevertheless, it is mainly believed that the
principle factors which make kidney injury during IR
are reactive oxygen species (ROS) and reactive nitrogen
species (RNS) (4). Free radical overproduction after the
reperfusion leads to cellular injury and the reduction of
endogenous antioxidant enzyme activities (2). Hence, free
radical scavengers can be helpful in RIR injury.
Glutathione (GSH) is considered as the main non-protein
sulfhydryl compound that exists in the mammalian cells
and protects the cell from oxidative injury. It contributes
to many physiological processes. GSH is a free radical
scavenger and an inhibiting lipid peroxidation (LPO).
GSH is considered as a cofactor for some of antioxidant
and detoxifying enzymes (5). The depletion of GSH, as
a tripeptide, is associated with disorders such as aging
diseases, cardiovascular diseases, cystic fibrosis, and
neurodegenerative diseases (6). GSH plays a role in the
regeneration of other antioxidants such as tocopherols
and ascorbate (5).

Objectives

So far, the possible protective effects of GSH on liver
markers, oxidative stress and inflammatory indices have
not been investigated in RIR rats. Hence, this study aims
to investigate the possible protective effects of GSH
administration on liver markers, oxidative stress and
inflammatory indices in rat with RIR injury.

Materials and Methods

Animals and study design

Twenty-four adult male Wistar rats (180-200 g) were
purchased from the Tehran Pasteur Institute. The rats
were housed in a room with stable conditions including
the temperature of 22°C, the humidity of 50 = 10 %, and
the light-dark cycle of 12 hours at the animal lab of the
Razi Herbal Medicines Research Center. One week was
considered for animal acclimation to the new house.
During the study, the rats were given enough food and
water. The animals were randomly divided into three equal
groups (n=8). Group I as the control group, which did not
undergo RIR; group IT as the RIR group, which underwent
RIR and received saline (0.25 mL/d, intraperitoneally;
i.p.); group III as the RIR group, which underwent RIR
and received GSH (100 mg/kg/d, i.p.). All treatments
(saline or GSH) began daily 14 days before RIR induction.

Surgery procedure

Under anesthesia condition with ketamine (75 mg/kg,
i.p.) and xylazine (8 mg/kg, i.p.), ischemia induction was
performed. At first, the surface of abdomen was shaved
and sterilized. Then, the abdomen was uncovered by
the midline incision. After that, the right and left renal
pedicles were detached carefully and clamped for 45

minutes by safe and none-traumatic clamps. After 45
minutes, the clamps were removed immediately to make
reperfusion. Reperfusion period was considered 24 hours.
During the surgery, humid and sterile gauze was used for
the preservation of viscera. Additionally, warmed saline at
the temperature of 37°C was splashed on viscera to keep
moisture. The rats in the control group underwent RIR
surgery procedure, as it was performed in the RIR group,
but RIR was not induced.

Biochemical study

At the end of the reperfusion period, the animals were
anesthetized with ketamine (75 mg/kg, i.p.) and xylazine
(8 mg/kg, i.p.). Blood sampling was performed by blood
collecting from their hearts. The samples were kept in
the room temperature for 20 minutes in order to clot.
Then, they were centrifuged immediately at 3000 rpm
for 15 minutes. After centrifugation, the serum samples
were separated carefully and transmitted into micro-
tubes. The serum samples were kept at -70°C until the
biochemical measurements. The right kidney was chosen
for the measurement of renal biochemical parameters.
It was removed and used fresh or kept frozen until the
measurement of renal parameters.

Determination of malondialdehyde levels

In this study, serum and renal contents of malondialdehyde
(MDA), as the marker of LPO, were evaluated according to
the thiobarbituric acid (TBA) assay (7). The measurement
of absorbance was performed spectrophotometrically at
532 um. The concentrations of MDA were shown as nmol
MDA/mg-pr.

Determination of GSH levels
Serum and renal level of GSH were determined in
accordance with our previous study (8).

Assessment of catalase activity

Catalase (CAT) activity in serum and kidney was
determined according to the Sinha method (9). The
reaction was initiated by the addition of 20 pL of the
sample in 2 mL of 30 mmol/L hydrogen peroxide (H202)
in 50 mmol/L potassium phosphate buffer (pH 7.0).
Enzyme units are considered as mmol/L of consumed
H202 per min g or mL.

Assessment of GPX activity

Serum and renal glutathione peroxidase (GPX) activities
were determined in accordance with our previous study
(10).

Assessment of paraoxonase 1 activity

To evaluate serum paraoxonase 1 (PON 1) activity, paraoxon
was used as substrate. PON 1 activity was measured
spectrophotometrically by increasing the absorbance
at 412 nm due to the production of 4-nitrophenol. The
enzyme activity was measured at 25°C by the addition of
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50 uL of serum sample to Tris-HCI buffer (1 mL, 100 mM
at pH 8.0) including 2 mM CaCl2 and 5 mM paraoxon.
4-nitrophenol production rate was measured at 412 nm.
Molar extinction coefficient of 17100 M cm™ was used
for the calculation of enzymatic activity (11).

Assessment of myeloperoxidase activity

The evaluation of serum myeloperoxidase (MPO) activity
was done by a modified O-dianisidine method. For this
evaluation, a mixture containing 0.3 mL of phosphate
buffer (0.1 M, pH 6.0), 0.3 mL of hydrogen peroxide (0.01
M), 0.5 mL of O-dianisidine (0.02 M) and the sample (10
uL), was poured in a covet (1 cm of path length). The final
volume of the mixture was 3 mL. The sample was added
to the mixture in the end stage of mixture preparation
and the changes of mixture absorbance in 460 nm were
evaluated for 10 minutes. The activity of MPO was shown
as unit/mg protein (12).

Determination of NO levels

The assay of serum nitric oxide (NO) concentration
was done by the determination of nitrite which is the
end product of NO. The measurement of nitrite was
determined in accordance with our study (13).

Ethical issues

Our study protocols were approved by the Animal Ethics
Committee of the Lorestan University of Medical Sciences.
Also, they were in accordance with the guidelines of the
National Health Institute (NTH1978) and Medical Research
Council. Additionally, all experimental protocols and
steps of the tests were conducted in compliance with the
regulations of the Research Ethics Committee of Iranian
Ethical Guidelines for the use of animals in research.

Statistical analysis
All results are indicated as mean + SD. The data

Glutathione in ischemia reperfusion injury

comparison between groups was done by the LSD test.
SPSS 13 for Windows was used for statistical analyses. A P
value of <0.05 was considered statistically significant.

Results

Effect of GSH on liver markers in RIR animals

The serum activities of liver markers including GGT,
ALP, ALT, and AST are shown in Table 1. GGT activity
in the untreated RIR group was significantly (2.49-fold)
more than that of the control group. GSH significantly
(51.10%) decreased GGT activity in the treatment group
compared to the untreated RIR group. The activity of ALP
in untreated RIR animals was significantly (1.66-fold)
higher than that of control rats. GSH (23.22%) reduced
ALP activity in the treatment group compared to the
untreated RIR group. The decrease of ALP activity by GSH
treatment was not statistically significant. The activity of
ALT in untreated RIR rats was (1.59-fold) higher than that
of control animals. GSH reduced (45.56%) ALT activity in
the treatment group compared to the RIR group, but the
reduction of ALT activity was not statistically significant.
The activity of AST in untreated RIR rats significantly
(2.12-fold) increased compared to the control group.
GSH significantly (35.39%) reduced AST activity in the
treatment group compared to the untreated RIR group.

Effect of glutathione on serum and renal levels of MDA
in RIR animals

The levels of MDA in serum and kidney are respectively
demonstrated in Tables 2 and 3. The significant increase
(2.26-fold) of serum level of MDA was observed in
untreated RIR rats in comparison to control rats. GSH
could significantly (24.05%) reduce serum MDA level
in the treatment group compared to the untreated RIR
group. The level of kidney MDA in untreated RIR rats
was significantly (1.65-fold) higher than that of control
animals. GSH significantly (32.08%) inhibited the increase

Table 1. The effect of glutathione on activities of AST, ALT, ALP and GGT in the serum of control, untreated and treated RIR rats

Parameter Control IR IR+ glutathione
AST (lU/L) 102.38+8.82 217.86+26.42 * 140.75+15.95%
ALT (1U/L) 198.75+43.82 316.43+£17.48 172.25+69.14

ALP (1U/L) 278.62+10.88 463.71+65.17* 356.00+17.48

GGT (IU/L) 1.2740.16 3.17+0.80* 1.55+0.13"

Data are shown as mean + SD. Significant difference compared with the control group is indicated with * P < 0.05. Significant difference compared

with the IR group is indicated with #P < 0.05.

Table 2. The effect of glutathione on levels of GSH, MDA, activities of GPX and CAT in the serum of control, untreated and treated RIR rats

Experimental groups GSH (U/mg protein)

MDA (nm/mg protein)

GPX (U/mg protein) CAT (U/mg protein)

Control 12.86+0.37
IR 9.29+0.34*

IR + glutathione 11.68+0.26**

36.87+3.05
83.50+5.75*
63.41+4.85**

3392.6+98.99 108.10+8.19

2072.7+141.37* 50.42+3.10*

2899.5+106.59*# 90.10+10.48*

Data are shown as mean + SD. Significant difference compared with the control group is indicated with * P < 0.05. Significant difference compared

with the IR group is indicated with # P < 0.05.
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Table 3. The effect of glutathione on levels of GSH, MDA, activities of GPX and CAT in the kidney of control, untreated and treated RIR rats

Experimental groups GSH (U/mg protein)

MDA (nm/mg protein)

GPX (U/mg protein) CAT (U/mg protein)

Control 10.88+0.20 22.63+2.19 2749.0+282.41 93.49+11.95
IR 5.28+0.27* 37.40%3.06* 1252.3+£78.52* 48.58+2.38*
IR + glutathione 12.1240.45™ 25.4042.39* 1860.5+244.38* 87.2610.10*

Data are shown as mean + SD. Significant difference compared with the control group is indicated with * P < 0.05. Significant difference compared

with the IR group is indicated with # P < 0.05.

of renal MDA in comparison to untreated RIR rats.

Effect of glutathione on serum and kidney levels of GSH
in RIR animals

The levels of glutathione in serum and kidney are
respectively shown in Tables 2 and 3. The level of serum
glutathione in the untreated RIR group was significantly
(1.38-fold) lower than that of control animals. GSH
significantly (25.72%) increased serum GSH level in the
treatment group compared to the untreated RIR group.
The level of kidney glutathione in untreated RIR rats was
significantly (2.06-fold) lower than that of control rats.
GSH significantly (129.54%) increased the level of renal
GSH in the treatment group compared to RIR rats.

Effect of GSH on serum and renal CAT activities in RIR
animals

The activities of CAT in serum and kidney are respectively
shown in Tables 2 and 3. The decrease of the serum
CAT activity (2.14-fold) was significantly seen in RIR
rats compared to control rats. Serum CAT activity
significantly (78.69%) increased in the treatment group by
GSH administration compared to untreated RIR animals.
The renal activity of CAT in the untreated RIR group was
significantly (1.92-fold) lower than that of control rats.
GSH administration in the treatment group significantly
(79.62 %) increased renal CAT activity in comparison
with untreated animals.

Effect of GSH on serum and renal GPX activities in RIR
animals

The activities of GPX in serum and kidney are respectively
indicated in Tables 2 and 3. Serum GPX activity in
untreated RIR rats was significantly (1.63-fold) lower than
that of control animals. GSH could significantly (39.88%)
enhance serum GPX activity in the treatment group
compared to untreated RIR animals. The activity of renal
GPX in untreated RIR rats was significantly (2.19-fold)
lower than that of control rats. GSH could enhance renal
GPX activity (48.56%) in the treatment group compared
to untreated RIR animals, but it was not significant.

Effect of GSH on serum PON 1 activity in RIR animals

The PON 1 activity in serum is shown in Figure I.
The activity of serum PON 1 in untreated RIR rats
was significantly (7.62-fold) lower than that of control
rats. The treatment of RIR rats with GSH significantly

(448.26%) increased serum PON 1 activity compared to
the untreated RIR group.

Effect of GSH on MPO activity in RIR animals

The serum activity of MPO is shown in Figure 2. The
activity of serum MPO in untreated RIR rats was
significantly (4.40-fold) more than that of control animals.
The treatment of RIR rats with GSH significantly (23.33%)
decreased serum MPO activity compared to untreated
RIR animals.

Effect of GSH on serum NO level in RIR animals

The serum level of NO is shown in Figure 3. The level
of serum NO in untreated RIR animals was significantly
(1.21-fold) more than that of control animals. The
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Figure 1. The effect of glutathione on serum paraoxonase 1 (PON
1) activity in control, untreated and treated RIR animals. Values are
expressed as mean + SD. *Shows significance of data comparing
with the control group (P<0.05). #Shows significance of data
comparing with the IR group (P<0.05).
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Figure 2. The effect of glutathione on serum myeloperoxidase
(MPO) activity in control, untreated and treated RIR animals. Values
are indicated as mean + SD. *Shows significance of data comparing
with the control group (P<0.05). *Shows significance of data
comparing with the IR group (P <0.05).
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Figure 3. Effect of GSH on serum nitric oxide (NO) level in control,
untreated and treated RIR animals. Values are expressed as mean
+ SD. *Shows significance of data comparing with the control group
(P < 0.05). #Shows significance of data comparing with the IR group
(P <0.05).

treatment of RIR rats with GSH could significantly
(11.79%) reduce NO level compared to the untreated RIR

group.

Discussion

RIR is one of the events that lead to renal damage
and the development of acute renal failure. It has
been demonstrated that multiple factors participate
in the pathogenesis of IR injury such as free radicals
and inflammation (1,2). Reactive oxygen or nitrogen
species are the main elements which participate in RIR
pathogenesis (4). Antioxidant enzymes such as superoxide
dismutase (SOD) and CAT, and other antioxidants such as
GSH preserve the cells against free radicals (5,14). Hence,
the administration of antioxidant is helpful for disorders
which are associated with free radicals such as RIR.
The liver is a target organ that is undergone oxidative
stress after RIR (15). The evaluation of liver enzymes is
a nice procedure to examine liver function (16). In our
study, the serum activities of liver markers including
GGT, ALP, ALT, and AST increased in RIR rats compared
to the control group, but the increase of ALT activity was
not significant. These results showed that RIR induced
hepatic damages as it was previously reported (15). All
liver markers decreased after the treatment with GSH,
but the reduction of ALP and ALT activities were not
significant compared with the RIR group. GSH could
decrease the activities of ALP and ALT in the treated
group in a way that their activities were not significantly
different from those in the control group (P > 0.05). Other
reports showed that natural antioxidants could reduce the
activities of liver markers and improve liver function in
different pathologic states (17,18). Another study showed
that GSH administration could reduce the activity of
liver markers in vivo (19). Our results are similar to other
researches which were mentioned. Therefore, the use of
natural antioxidants with hepatoprotective effect can be
useful for ameliorating RIR-induced hepatic damage.
The levels of serum and renal MDA significantly increased

Glutathione in ischemia reperfusion injury

in the RIR group compared to control rats, while serum
and kidney activities of CAT, GPX, GSH levels, and serum
PONI activity significantly decreased in the RIR group.
The treatment with GSH could significantly ameliorate
serum and renal MDA and GSH levels, the activities of
serum and renal CAT, renal GPX, and serum PONI
in treated RIR rats compared with the untreated RIR
group. Antioxidant enzymes and GSH are used for the
investigation of oxidant/antioxidant status (20). It has
been reported that natural antioxidants such as vitamin
E (17), erythropoietin, melatonin (21), proanthocyanidin
(18), and oleuropein (11) could decrease MDA level and
increase the activities of antioxidant enzymes and GSH
levels in pathological conditions induced by oxidative
stress. Additionally, Chen et al noted the amelioration of
oxidative stress and MDA level by GSH administration
(19). The results of our study similar to the previous
studies which were mentioned. Hence, the use of natural
antioxidants such as GSH with advantageous effects on
oxidative stress indices can either be helpful or prevent
the complications which are associated with RIR-induced
oxidative stress.

MPO is an enzyme that is related to oxidative stress and
inflammation. It is located in the azurophilic granules of
leukocytes including neutrophils and monocytes, and it is
released in inflammatory conditions (22,23). Our study
showed that serum MPO activity significantly increased
in the RIR group in comparison with control rats. Serum
MPO activity reduced significantly in GSH treated RIR
rats compared with the untreated RIR group. Many studies
expressed that the natural antioxidants could decrease
the MPO activity and suppress inflammation (23). Other
results of our study indicated that RIR significantly
increased NO level in the RIR group in comparison with
control rats. The treatment of RIR rats with GSH could
significantly reduce NO level compared to the untreated
RIR group. It has been proposed that NO is generated by
inducible NO synthase (iNOS) at high level in the proximal
tubules as a response to ischemic injury. It has bad effects
on kidney tissue during IR (2). Similar studies reported
that natural antioxidants play a role in the reduction
of NO level in vivo (24). Our results and other studies
showed that natural antioxidants could reduce the level of
NO and MPO activity. Hence, the consumption of natural
antioxidants such as GSH with beneficial effects on NO
and MPO can reduce the complications of RIR which are
associated with oxidative stress and inflammation.

Our study and other researches showed that natural
antioxidants exert beneficial effects on RIR complications.
Therefore, antioxidant therapy can be considered as an
important strategy to treat RIR complications in patients
with RIR. Although the precise antioxidant and anti-
inflammatory mechanisms of GSH were not explained
by our study, other studies showed these detailed
mechanisms.

1. GSH directly scavenges free radicals such as hydroxyl
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radicals, singlet oxygen, and superoxide onions. It gives
an electron to H202 to reduce it and produce H20 and
02. GSH has a major role in the regeneration of other
antioxidants such as tocopherols and ascorbate (5,25).
2. GSH gives protons to lipids membrane in the cell
and preserves them from oxidant agents (26). It also
inhibits nuclear LPO by the increase of a-tocopherol
capability (27).

3. GSH decreases the expression of inducible NO synthase
(iNOS) protein and NO level in vivo (28). It also inhibits
the production of peroxynitrite, as a cellular oxidant agent,
through the elimination of ROS by GSH peroxidase (29).
4. GSH suppresses inflammation through p38MAPK
signal pathway in vivo. It reduces the protein expression
of cyclooxygenase-2 (COX-2) and the phosphorylation of
p38 (28). Thus, our results seem to be reasonable.

Conclusion

Our study revealed that GSH caused protective effects
against RIR in rats by the amelioration of liver function
parameters, the activity of antioxidant enzymes, LPO, NO,
and MPO activity. Hence, GSH as an antioxidant that has
many advantageous effects can be suggested to patients
with RIR complications. Protective effects on the liver
function, antioxidant status, and inflammatory markers
can ameliorate RIR-induced complications.
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