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Abstract- Renal ischemia-reperfusion (IR) injury is a common problem in kidney transplantation.
There is increasing evidence about the role of the reactive oxygen species (ROS) in these injuries and
endogenous antioxidants seem to have an important role in decreasing the renal tissue injury. The aim
of this study was to investigate the effects of kidney IR on renal antioxidant enzymes activity such as
catalase and superoxide dismutase (SOD) and renal glutathione (GSH) levels. The level of
malondialdehyde (MDA), an end product of lipid peroxidation, also was quantified. Male Wister rats
(200-280 g) were anesthetized and after right nephrectomy, the left renal artery was clamped for 40
min. After 24 h reperfusion, serum and kidney tissue samples were obtained for metabolites assay.
Results showed that renal IR increased serum creatinine and urea level [90.59 ± 12.93 vs. 44.06 ± 4.07
µmol/L (P < 0.01), and 40.22 ± 10.27 vs. 20.8 ± 1.8 mmol/L, (P < 0.05), respectively]. The renal
catalase activity was decreased (33.13 ± 2.02 vs. 43.78 ± 2.38 units/mg protein, P < 0.01) but SOD activity
was increased (57.59 ± 4.64 vs. 42.84 ± 1.85 units/mg protein, P < 0.05). The GSH level also was decreased
(24.67 ± 2.31 vs. 37.44 ± 3.09 nmol/mg protein P < 0.01). MDA level after IR was not significantly different
from control group (2.05 ± 0.27 vs. 1.84 ± 0.2 nmol/mg protein, P = 0.55). Our data indicated that despite
decrease in renal GSH level and catalase activity following IR, SOD activity was increased.
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INTRODUCTION
Cellular hypoxia due to tissue ischemia is a
hazardous event which if extended, could inevitably
lead to cellular damage and necrosis. Paradoxically,
re-oxygenation due to reperfusion causes tissue
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injury (1-2). Renal tissue ischemia-reperfusion (IR)
injury would occurs in some important clinical
circumstances such as “severe hypotension and
subsequent resuscitation”, “kidney transplantation”
and “aortovascular surgeries”, that all could lead to
acute renal failure (ARF) (1). ARF has relatively
high incidence rate in hospitalized patients (3)
and the most prevalent causes are ischemic
events (4). For example, ARF rate following
aortovascular surgeries is reported to be as high
as 50% (5) and 4-15% after coronary bypass
(3).
The numbers of kidney transplantation surgeries
are increasing in Iran and only in year 2000 over
1400 kidney transplantations have been performed
(6). In two recent studies in Iran, ARF rates in
surgical emergency room and ICU section were
5.66% and 21%, respectively (7). Despite high
incidence of ARF, there has not been any remarkable
improvement so far in reducing its mortality rate
from the time of Korean war since about half a
century ago (8). The inevitable IR event in kidney
transplantation also may lead to acute tubular
necrosis which is responsible for 90% of ARF cases
in first week of transplantation (9). ARF rate after
kidney transplantation has been reported to be 5% to
50% (10) and IR-induced ARF has been associated
with delayed graft function and decrease in allograft
survival (3-4).
One of the most important factors in
pathophysiology of renal IR injury is reactive
oxygen species (ROS), which especially increases in
reperfusion phase (4, 11). The endogenous
antioxidants which are responsible for defense
against ROS during reperfusion have an important
role in decreasing IR injury (2). Superoxide
dismutase (SOD) and catalase (CAT) are the most
important antioxidant enzymes of tissues (12).
Glutathione (GSH), a free radical scavenger (13),
plays a key role in maintenance of the cellular redox
environment (14). Taking into account the
importance of ARF in clinical situation, recognizing
IR effects on antioxidant enzymes activities
and GSH level may help to find a better
strategy for prevention and/or therapy of ischemic
ARF.
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Previous studies mostly emphasize on
suppression of nearly all antioxidant defense
mechanisms including lower activities of SOD and
catalase and lower GSH level after IR (2). However,
there is controversy especially in the case of SOD (5,
15-18). On the other hand, one of the mechanisms of
ROS induced IR injury is lipid peroxidation and
malondialdehyde (MDA) level is a good indicator of
this process (2, 19).
The purpose of this study was to investigate the
effects of ischemia and reperfusion on SOD and
catalase activities and GSH and MDA levels in rat
renal tissue.

MATERIALS AND METHODS
All chemicals were purchased from Sigma and
Merck Chemical companies. Adult male Wister rats
(200-280 g) were obtained from Baqiyatallah
University animal house and were maintained at
25° C and had free access to rodent food and water.
All interventions in animals were provided in
accordance with the protocol approved by
Baqiyatallah University of Medical Sciences
Animal Care and by National Iranian Ministry of
Health.
Animals were divided into two groups: control (n
= 11) and IR (n = 10). They were anesthetized using
intraperitoneal (ip) injection of sodium pentobarbital
(50 mg/kg body weight). Then 300 U of heparin and
0.5 ml normal saline were delivered through ip
injection. Anesthetized rats were placed on a surgical
table. Using an electrical heater and a warming light
the temperature was adjusted to near 37° C. Animals
were allowed to spontaneously breathe room air.
Midline laparotomy and right nephrectomy (after
ligating the vascular pedicle with two pieces of a 2-0
silk) were performed. Then, left renal artery and vein
were gently separated and after a 30-min of
stabilization period, renal artery was clamped in IR
group using a spring microvascular clamp, in order
to induce ischemia. The clamp was removed after 40
min and abdominal wall was then closed with a 2-0
prolene 20 min later. In the control group, all steps
were similar to IR group except for the use of clamp
to induce ischemia.

B. Rasoulian et al.

The animals were anesthetized again 24 hours
postoperatively and after clamping the pedicle, the
left kidney was removed. Blood samples were
obtained from aorta and then serum was separated
for urea and creatinine assay. Inferior one third of
the kidney was immediately washed with normal
saline and frozen in liquid nitrogen for GSH, MDA,
SOD and catalase assays. Serum and tissue samples
were kept in -18° C and -70° C, respectively, until
the assays. IR was confirmed by observing kidney
color changes, and in majority of rats (70%)
microcirculatory blood flow in the renal cortex was
measured by a laser Doppler flowmeter (Moore
Instruments, MBF3) in three distinct defined
locations (two points in upper and lower halves of
anterior surface and one point in posterior surface of
the kidney). Care was taken for the points to have
almost the same positions in all measurements.
The mean value of flow in these 3 points was
considered as “mean microcirculatory blood flow”.
Mean microcirculatory blood flow in IR group was
measured in six different conditions: 1) premanipulation (before isolating left renal artery and
vein), 2) pre-ischemia, 3) three minutes after
ischemia, 4) 37 minutes after ischemia, 5) 20 min
after reperfusion, and 6) 24 hours after reperfusion.
In control group, mean microcirculatory blood flow
was measured at the same times as in IR group and
named flow in conditions 1-6 respectively.
These flows, being measured by a laser
Doppler flow meter, did not have any specific
unit.

Urea and creatinine measurement
Serum urea was measured manually with urease
using Berthelot procedure (ZistChem kit, Iran).
Serum creatinine was measured by Jaffe reaction
using autoanalyzer (Parsazmon kit, Iran).

Tissue preparation
Frozen tissue samples were quickly weighed and
homogenized 1:10 in ice-cold 50 mM potassium
phosphate buffer (pH 7.4) containing 1 mM EDTA
and proteases inhibitors. The homogenates were then
centrifuged at 12000 g for 15 min at 4° C. The
supernatants were taken and used for enzyme, MDA,
GSH and protein assay.

GSH and MDA determination
MDA production was quantified according to
Ohkawa procedure (19). GSH level was determined
by the method of Tietze (20).

Catalase and SOD activity assay
Catalase activity in kidney tissue homogenates was
measured by a colorimetric method as described
previously by Cohen (21). The SOD activity was
determined according to Paoletti method (22).

Protein assay
Total protein concentration was measured by
Bradford’s method (23) using bovine serum albumin
as standard.

Statistical analysis
Data are shown as mean ± SEM. To compare SOD,
catalase, GSH and MDA values, the independent
variable t-test was used. General comparisons
of flow data in IR or control groups were done with
repeated measure ANOVA and paired-t test was
performed for comparison among different
conditions in IR group. P < 0.05 was considered as
significant.

RESULTS
Microcirculatory blood flow
Mean values for flow in IR group are shown in Fig.
1A. In general, flow differences in IR group were
significant (P < 0.001). Flows during ischemia were
only 5-6% of pre-ischemia level and both were
significantly different from pre-ischemia and 20 min
after reperfusion (P < 0.001). Flow rates in 20 min
after reperfusion and 24 hours after reperfusion
were not significantly different from pre-ischemia
and pre-manipulation flows respectively; although
the ‘20 min after reperfusion/pre-ischemia’ and
‘24 hours after reperfusion/pre-manipulation’
flow ratios were 0.918 and 0.920, respectively. Mean
values for flow in control group are shown in Fig.
1B. Flow differences in control group were not
significant. Pre-manipulation and pre-ischemia flow
rates had not any significant difference in IR group
as well as control group.
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Fig. 1. Mean microcirculatory blood flow of renal cortex in IR group in 6 defined times (A) and in control group in the same times
(conditions 1-6 respectively without any ischemia) (B). Blood flow was measured by a laser Doppler flowmeter. PreMan, premanipulation; Is, ischemia; R, reperfusion.

Kidney function tests
Serum creatinine level in IR group was higher than
that of control group (Fig. 2A) [90.59 ± 12.93 (n =
8) vs. 44.06 ± 4.07 (n = 9) µmol/L, P = 0.003].
Serum urea also was significantly increased in IR
group (Fig. 2B) [40.22 ± 10.27 (n = 10) vs. 20.8 ±
1.8 (n = 11) mmol/L, P = 0.013].

Antioxidant enzymes activities
Mean kidney tissue SOD activity in IR group was
significantly higher than that of control group (Fig.
3A) [57.59 ± 4.64 (n = 7) vs. 42.84 ± 1.85 (n = 7)
units/mg protein, P = 0.012]. But kidney tissue catalase

GSH and MDA levels
IR caused significant decrease in kidney tissue
GSH level (Fig. 3C) [24.67 ± 2.31 (n = 8) vs. 37.44
± 3.09 (n = 8) nmol/mg protein, P = 0.006]
but MDA levels in IR and control groups were
not significantly different (Fig. 3D) [2.05 ± 0.27 (n =
7) vs. 1.84 ± 0.2 (n = 7) nmol/mg protein, P =
0.55].
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of control group (Fig. 3B) [33.13 ± 2.02 (n = 9)
vs. 43.78 ± 2.38 (n = 8) units/mg protein, P =
0.004].
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Fig. 2. Serum creatinine level in control and IR groups (A). Serum urea level in control and IR groups (B). *, P < 0.05 compared to
control group.
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Fig. 3. Renal superoxide dismutase (SOD) activity (A) and catalase (CAT) activity (B); renal glutathione (GSH) (C) and
malondialdehyde (MDA) (D) levels after 40 min of ischemia and 24 h reperfusion. *, P < 0.05 compared to control group.

DISCUSSION
We examined the effects of ischemia and reperfusion
on renal catalase and SOD activities as well as renal
GSH and MDA levels. Data showed that in spite of a
decrease in renal GSH level and catalase activity
following IR, SOD activity was increased after IR.
MDA level in IR group was not significantly
different from that of control.
Pre-manipulation and pre-ischemia flows were
nearly equal, showing that after nephrectomy and 30
min stabilization period, the condition seems
appropriate for interventions such as ischemia.
Decrease in blood flow during ischemia and increase
after 20 min of reperfusion means that ischemia and
reperfusion were established well. The insignificant
difference between “pre-manipulation and 24 hours
of reperfusion” and “pre-ischemia and 20 min of
reperfusion” flow rates also indicates non-traumatic
clamping of renal artery in this animal model. We
also concluded that kidney color change
during ischemia or reperfusion could be a very
good indicator for confirmation of IR in our
experiments.

Significant increase in both BUN and creatinine
shows that 40 min ischemia and 24 h reperfusion
resulted in serious renal injury. Similar results were
obtained in previous studies (24, 25).
In present study, there was a decrease in renal
GSH following kidney IR, as have been shown in
other studies (5, 13, 15, 26). This decrease in GSH
level could be explained by its consumption in
scavenging free radicals and maintaining the redox
state of the cell during IR injury (13-14). There are
many evidences of ROS involvement in renal IR
injury (2, 27, 28) and both tubular and vascular
endothelial cells are involved in ROS production (2).
For example, renal proximal tubule cells show a 7fold increase in ROS production after hypoxiareoxygenation (29). Superoxide (O2-) radicals are
among the most important free radicals responsible
for IR injury. O2- is converted to hydrogen peroxide
(H2O2) by SOD and resulted H2O2 is inactivated
by glutathione peroxidase (GPX) and catalase
(4).
Decrease in renal catalase activity following IR
in present study is similar to other published data,
which remarked decrease in catalase activity as well
Acta Medica Iranica, Vol. 46, No. 5 (2008) 357
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as a reduction of its gene expression after IR (15, 20,
17, 30). However, the mechanism for reduced
catalase activity does not seem to be simply
depletion of antioxidant pool as mentioned in one
article (15). ROS produced during IR are considered
as molecules interacting with physiological signal
transductions,
not
simply
reactants
that
peroxidize membrane lipids, or denature enzyme
proteins. The general response to hypoxia is usually
less gene expression and lower activity of
antioxidant enzymes such as catalase, a predisposing
factor for reoxygenation injury, although the
mechanism by which hypoxia regulates expression
of antioxidant enzymes is not well understood
(2).
The increase in renal SOD activity in this study is
surprising; because in studies reported by Chander
(5), and Singh and Chander (15) renal SOD activity
decreased following 45 min ischemia and 24 h
reperfusion. However, a careful literature review
clears interesting points in this regard. There was
increased renal SOD activity after 30 min ischemia
and 120 min reperfusion in Erdogan’s study;
although this increase was not significant (16). In
Tenorio-Velazquez study, SOD activity was elevated
in renal cortex (although insignificant) and
diminished in outer medulla following 60 min
ischemia and 24 h reperfusion (18). Since most of
kidney SOD activity is related to renal cortex (31)
and kidney samples in this study (inferior one third
of kidney) was mostly from cortex, SOD activity in
this model is mostly representative of the activity of
this enzyme in renal cortex. It is more interesting
that, in Singh et al. study, although total SOD
activity was decreased after IR, manganese SOD
(MnSOD) activity and its protein level were
increased following IR. On the other hand, ischemia
itself increased mRNA level of catalase, GPX and
SOD; however after reperfusion, mRNA level of
catalase and GPX decreased and at the same time
SOD mRNA level remained high (17). It can be
concluded that increased SOD activity in this study
is most probably due to cortical MnSOD. As
ischemia can increase SOD mRNA and SOD activity
level may remain high during reperfusion (17), the
severity of ischemia in our study (near complete loss
of flow, Fig 1A) might be responsible for
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prominence of this process and significant increase
in SOD activity after IR. Nevertheless, the end
product of SOD is H2O2 which itself can lead to
tissue injury either directly or via hydroxyl radical
(OH-) formation by Fenton reaction (32).
Increased MDA level following IR was seen in
some other studies in various models of kidney IR
injury (15, 22). However, this increase in MDA level
after IR was not seen in present study. Indeed, in the
present study, ROS production and decreased
catalase activity, and therefore pronounced
formation of H2O2 during IR, could lead to increased
lipid peroxidation, while increased SOD activity
resulting in a decrease in O2- could reduce lipid
peroxidation. This might explain the insignificant
changes in MDA level. Although the increased SOD
activity also leads to increased H2O2 production, it
should be taken into consideration that many H2O2
molecules diffuse rapidly from lipid membranes and
cause oxidative stress in distant organs not in the
kidney itself (33).
The important point of Erdogan (16), TenorioVelazquez (18) and especially Singh and Gulati (17)
and our study is that in kidney IR, there is a potential
of increased SOD activity. Understanding
mechanisms responsible for this process and their
potentiation may lead to better prevention or therapy
of IR injury.
In summery, despite a decreased renal GSH level
and catalase activity following kidney IR, consistent
with nearly all similar experiments, renal SOD
activity was increased after IR in this experiment.
There were no significant changes in MDA level
fallowing IR.
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