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Abstract

Introduction: Renal ischemia/reperfusion (I/R) injury due to reactive oxygen species
(ROS) formation is the main cause of acute kidney damage. Nitric oxide (NO)
biosynthesis and oxidative stress are closely related to the pathogenesis of renal I/R injury.
This study was undertaken to determine the effects of L-arginine (L-arg) as NO donor and
aerobic exercise (EX) and also the combination of L-arg with EX on renal I/R injury in
male and female rats.

Methods: 54 male and female Wistar rats were divided into four groups in each gender
as control, L-arginine (L-arg), treadmill exercise (EX), and L-arginine plus exercise (L-
arg & EX). After 8 weeks of EX, animals were exposed to 45 min of bilateral kidney
ischemia followed by 24 hours of reperfusion. We assessed serum creatinine (Cr), Kidney
tissue damage score (KTDS), kidney weight (KW), serum nitrite and malondialdehyde
(MDA) levels.

Results: L-arg, EX or combination of L-arg &EX caused a significant decrease in serum
level of creatinine (Cr) (P<0.05). KTDS decreased significantly in all female treated
groups and male L-arg treated group (P <0.05) when compared with the control group.
However, the kidney weight was decreased significantly in male rats (P <0.05) at 24 hr

iﬁfﬁﬁm& . post reperfusion, and such observation was not seen in female. No significant differences

Department of Physiology, were detected in serum nitrite levels between the groups, but combination of L-arg &EX

g% SC.U”WS”Y o decreased the serum level of malondialdehyde (MDA) in female significantly (P <0.05).
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injury. The protective effect of exercise against renal I/R injury seems to be less than L-
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Introduction: vascular damage (2). The most obvious causes of
acute renal failure is ischemia reperfusion (I/R)
injury due to formation of reactive oxygen species
(ROS) (3). ROS lead to lipid peroxidation and

Acute kidney injury is a serious disturbance in
the hospitalized patients with high mortality rates (1)
that caused tubular, glomerular, interstitial and
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decrease antioxidant defense, impair renal
endothelial cells and decrease nitric oxide (NO)
production (4). L-arg is a necessary substrate in the
biosynthesis of NO, and as antioxidant and anti-
inflammatory agent may protect the kidney against
acute renal I/R injury (5). Previous studies provide
evidence that supplementation of L-arg has been
beneficial effects in acute and recovery phase of
renal I/R (6-10), but only limited information is
available on 8 weeks treatment effects of L-arg on
renal I/R injury.

Aerobic EX training also improves Kkidney
vasodilation by NO (11), increases anti-oxidant
defenses, and diminishes oxidative stress and
inflammation (12). It is documented that EX protect
kidney against renal I/R injury (13). Ex tends to
increase oxidative stress due to higher oxygen
consumption (14). Maxwell et al (15). Reported L-
arg treatment enhances aerobic capacity and
reduces oxidative stress induced by EX.

Therefore, in regarded to effcet of gender on
renal I/R injury, we designed this research for
evaluating the effect of 8 weeks treatment with L-
arg and EX and combination of L-arg & EX in
both male and female animal models against kidney
I/R injury.

Methods:

Animals used were 56 adult rats, of both sexes.
Rats were maintained at temperature 23'c+2’c with
a 12 h light-dark cycle. The study was in advance
approved by Isfahan University of Medical
Sciences  Ethics Committee  (Code  #:
IR.MUILREC.1394.2.253).

56 wistar rats were divided into two distinct
groups of males (128.32+3.44 gr) and females
(11943.03 gr) also each group was divided into
four subgroups as follows:

*Control (n=6 male, 6 female) rats were
housed for 8 weeks, and then underwent renal I/R
injury.

*L-arg (n= 8 male,7 female) rats received L-
arg (100 mg/kg ip (16), 3 times per week) for 8
weeks before renal I/R injury.

*EX (n=8 male, 7 female) rats were subjected
to treadmill exercise (5 days a week) for 8 weeks
before renal I/R injury.

*L-arg &EX (n=6 male, 8 female) rats were
subjected to receive L-arg and EX as groups 2 and
3 before renal I/R injury.

EX training was performed on motorized
treadmill (Technic Azma NT540, Tabriz, Iran) 5
days/week for 8 weeks (17). Rats were habituated
to treadmill for three days. The training program
was gradually increased intensity from 15m/min for
15 min of the first day until it reached to 26 m/min
for 60 min by the end of second week, and with the
same setting and EX protocol was continued by the
end of 8th week. At the beginning of each session
rats were warmed up for 5 min at the speed of 10
m/min and finally after the exercise rats would cool
down for 5 min with the speed 10 m/min. This
protocol was designed to correspond to 65%
maximum oxygen consumption (17).

To induce renal I/R injury, renal artery and vein
were occluded for 45 min followed by 24 h
reperfusion. Blood sample was obtained and the
kidneys were removed for histological staining by
hematoxylin and eosin method. To considerate
kidney tissue damage score (KTDS) was evaluated
presence of tubular atrophy, hyaline casts, ischemic
necrosis, vacuolization and debris. The samples
were scored from 1 to 4 based on intensity of
damage, 0 = normal kidney; 1= minimal damage
5-25% involvement of the cortex or outer medulla);
2= mild damage (25-50% involvement of the
cortex or outer medulla); 3= moderate damage
(50-75% involvement of the cortex or outer
medulla); 4= severe damage (>75% involvement
of the cortex or outer medulla).

The serum levels of creatinine (Cr) using
quantitative kits (Pars Azmon, Iran), nitrite (stable
NO metabolite) using Griess method, and
malondialdehyde (MDA) by a manual method were
measured.

Results were expressed as mean+standard error
of the mean. One way ANOVA followed by LSD
for analysis the quantitative data (Cr, KW, MDA
and nitrite) and the Kruskal- Wallis and Mann-
Whitney tests for qualitative data (KTDS) were used.
P <0.05 was considered statistically significant.
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Results:
Results obtained from this study showed that:
serum creatinine (mg/dl) was significantly

decreased in all treated groups compared to control
groups (P<0.05) for male groups (Control
1.0740.19, L-arg 0.67+0.02, EX 0.74+0.04, L-
arg & EX 0.7140.05) for female groups (Control
1.56+0.24, L-arg 0.74+0.06, EX 1.08+0.11, L-
arg & EX 0.96+0.12).

KTDS showed decreased in all treated groups
but it was significantly decreased in male L-arg
group (1.37+0.18) compared to control group
(2.334+0.33 P<0.05), and in all female groups
compared control (P<0.05) (control 2.66+0.21,
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L-arg 1.71+0.28, EX 1.71+0.18, L-arg & EX
1.50+0.18).

KW was significantly decreased in male treated
groups compared to control (P <0.05) (control 0.92
+0.08, L-arg 0.804-0.02, EX0.764-0.02, L-arg &
EX 0.7140.06).

No significant changes in serum level of nitrite
were detected between all the studies groups (figure
1) while combination of L-arg & EX reduced the
serum level of MDA significantly in female
(0.9340.19) compared to control (2.4+.67
P<0.05). Although serum MDA were lowered in
L-arg groups, and higher in the EX groups
compared to control (Figure 1).

The samples of kidney tissue images are shown
in Figure 2.
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Figure 1. Changes in serum levels of creatinine (Cr) , nitrite and malondialdehyde (MDA), and kidney tissue
damage score (KTDS), and kidney weight (KW) g/100g of body weight in male and female rats subjected to renal
I/R after 8weeks (45 min ischemia followed by 24 hours of reperfusion) treated with vehicle (control), L-arginine
(L-arg 100mg/kg 3days/week ip for 8 week before I/R) , treadmill exercise (EX, treadmill exercise 5 days/week for
8 week before I/R) and both L-arg & EX. (L-argl00mg/kg 3days/week ip along with Sdays/week treadmill exercise
for 8 weeks beforel/R)

*:P<0.05 compared to control group
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Figure 2. Samples images of kidney tissue in male and female rats subjected to renal I/R after 8weeks (45 min
ischemia followed by 24 hours of reperfusion) treated with vehicle (control), L-arginine (L-arg, 100mg/kg
3days/week ip for 8 week before I/R) , treadmill exercise (EX, treadmill exercise 5 days/week for 8 week before
I/R) and both L-arg & EX. (L-argl00 mg/kg 3 days/week ip along with 5 days/week treadmill exercise for 8 weeks
beforel/R) Extensive damage was seen in control groups.

Conclusion:

The present study demonstrated that
pretreatment with L-arginine supplementation and
regular EX protect kidney against I/R injury but the
effect of L-arginine alone or combined with
exercise in improvement renal I/R injury was more
apparent than EX alone.

Previous study showed that the renal I/R injury
Characterized by decreases in glomerular filtration
rate (GFR), tubular and glomerular damage,
impairment in hemodynamic regulation and energy
depletion (3). Some other mediators such as cascade
of inflammation events involved in pathogenesis of
renal damage (18).

Our results are agreement with the other study
which suggested that L-arginine supplementation
(7) and EX (19) can improve renal dysfunction in
I/R. L-arg increase renal plasma flow (RPF) and
glomerular filtration rate (GFR) (20). Schneider and
et al (8) reported that pretreatment with L-arg
improves recovery phase of renal I/R. Also,
protective role of EX were reported (21,22). In
agreement with our study saad and et al (19).
Demonstrated that regular EX before the induction
of renal I/R injury significantly improved renal
function.

KTDS increase were observed after renal I/R
(23). In several studies administration of exogenous
L-arg has been shown to protect kidney against
ischemic injury (5,8,10,24,25). The same way

Moraes and et al (26) reported that EX training
improved endothelium-dependent and endothelium-
independent kidney vasodilation through NO and
Ex induced adaptation in vascular endothelium (27).
Ex also increased renal antioxidant capacity (28)
and enzymes (29).

It was reported that I/R increased KW that is
related to kidney injury and edema due to enhance
endothelial permeability (30,31). Our study
indicated KW was significantly attenuated only in
male treated rats. In female treated rats despite the
significant decrease in KTDS and creatinine levels,
kidney weight did not decrease. These difference
response may be due to sex hormone and estrogen
effect on cell proliferation (32). The nitrite level is
important to distinguish the function of NO (33).
The serum levels of nitrite in the L-arg and L-arg &
EX groups were higher than EX group possibly
due to increase in eNOS (5). Previous studies
reported pre-treatment with L-arg of rats subjected
to renal I/R markedly increase tissue NO content
).

MDA as a marker of lipid peroxidation
increased after renal I/R (23). In present study L-
arg decreased and EX increased serum MDA in
male and female insignificantly. It seems that L-arg
had a definite antioxidant effect which showed more
powerful when combined with EX. It seems that
EX induces more oxidative stress and in EX groups
antioxidant system was not adapted to excessive
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production of ROS due to I/R. It is supposed that
our treadmill EX protocol may not be applied
appropriate EX intensity. However, exercise
training protocol used in this study had presented
cardioprotection and renoprotective (17). The
significance of MDA levels in female L-arg & EX
group may be related to the antioxidant effect of
estrogen hormone (34).

Finally, according to previous research, male
are more sensitive to renal I/R injury than female
(35), however, no difference in gender was
observed in our model when L-arg or EX were
administrated against kidney I/R injury.

In our study limitation, we did not measure
nitrite and MDA in kidney and serum urea for
evaluate change function and structure, it might be
powerful to measure the antioxidant enzymes such
as superoxide dismutase.

Pretreatment with L-arg alone or in combined
with EX were more attenuate renal I/R injury than
EX in rats, possibility due to their antioxidant effect
without any gender difference.
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