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Abstract: Ischemia reperfusion (I/R) injury is a main cause of transplanted kidney dysfunction and rejection. Reac-
tive oxygen species (ROS) play a causal role in cellular damage induced by I/R. Antioxidant vitamins and Nitric oxide
(NO) were postulated to play renoprotective effects against I/R. This study compares the protective effects of vita-
min C with that of the nitric oxide donor, L-arginine, on renal I/R injury in adult rats. The study was performed on 50
adult Wistar rats of both sexes, divided into 5 groups: |: Control group, receive daily intraperitoneal (i.p.) saline for 3
days. IIl: Renal I/R group, received i.p saline for 3 days and subjected to renal I/R. lll: L-arginine Pretreated, 400 mg/
kg/day i.p. for 3 days prior to I/R. IV: Vitamin C Pretreated, 500 mg/kg/day i.p. 24 hours prior to I/R. V: combined
L-arginine and Vitamin C Pretreated, exposed to Renal I/R group. At the end of the experiment, plasma urea and
creatinine were determined. Kidney tissue malondialdehyde (MDA), NO, catalase and superoxide dismutase (SOD)
activity were measured and kidneys were examined histologically. Results: |/R group showed significant increase in
plasma urea, creatinine, and renal MDA, and a significant decrease in renal catalase with marked necrotic epithelial
cells and infiltration by inflammatory cells in kidney section compared to the control group. All the treated groups
showed significant decrease in urea, creatinine, and MDA, and a significant increase in catalase with less histo-
pathological changes in kidney sections compared to I/R group. However, significant improvements in urea, MDA,
and catalase were found in vitamin C pretreated and combined treated groups than L-arginine pretreated group.
Conclusion: Oxidative stress is the primary element involved in renal I/R injury. So, antioxidants play an important
renoprotective effects than NO donors.
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Introduction the tubule within 2-4 weeks [5]. Alterations in
renal structure and function following renal I/R
injury could be a predisposing factor in develop-

ment of renal failure [6].

Ischaemia/reperfusion (I/R) injury was one of
the main causes of acute kidney injury [1].
Renal I/R injury was also associated with
delayed graft function and increased risk of
acute rejection in kidney transplantation [2].

Increased oxidative stress was a documented
finding in renal I/R injury [7]. Previous studies
demonstrated that reactive oxygen species

Previous studies demonstrated that renal I/R (ROS) contributed to tissue damage and the

injury caused decrease in renal blood flow by
50 and 75% within 1 day of reperfusion and
this was associated with a dramatic rise in
serum creatinine [3]. In addition to direct hypox-
ic damages induced by reductions in blood flow
[4], tubular epithelial damage was associated
with renal I/R injury and was regenerated by an
increase in cell proliferation to replace lost
cells, migration and redifferentiation to rebuild

loss of function in I/R injury. Renal I/R increased
production of superoxide and other ROS [8].

ROS were generated under different physiologi-
cal and pathological conditions [9]. Body cells
produced small amounts of ROS under physio-
logical conditions; these amounts could be
managed by the scavenging capacity of cells.
However, in pathological conditions, the pro-
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duction of ROS was increased dramatically, and
these large amounts became higher than the
capacity to scavenge it [9, 10]. The excessive
ROS production would be responsible for lipid
peroxidation, inactivation of antioxidant enzy-
mes, disruptions of the cellular cytoskeleton,
breakdown of DNA, leukocyte activation, endo-
thelial cell damage, and cytokine production,
and collectively tissue damage [11, 12].

Thus, antioxidant agents have been used to
prevent tissue damage in various clinical set-
tings and experimental models [13] and could
help in preventing the postischemic increases
in lipid peroxidation and hydrogen peroxide lev-
els, resulting in reduced kidney injury from I/R
[14]. The antioxidant and free radical scavenger
ascorbic acid (Vit C) [15] has a protective effect
against drug-induced nephrotoxicity in animals
[16, 17].

In the kidney, various cells, including vascular
endothelial and tubular epithelial cells, could
generate nitric oxide (NO), which could control
renal blood flow and glomerular/tubular func-
tions through interaction with vascular smooth
muscle, mesangial, and tubular cells [18, 19].

NO had a very important physiological role in
the regulation of renal hemodynamics and
function. Studies have demonstrated that
changes in NO production and/or metabolism
in the kidney were closely related to many renal
pathological conditions, such as chronic renal
failure with renal mass reduction, lipopolysac-
charide- induced renal dysfunction, and isch-
emic acute renal failure [20-22]. NO played an
important role in renal vascular tone and hemo-
dynamics [23]. Also, NO seems playing an
ambiguous role during tissue I/R injury [24]. NO
reduced leukocyte-induced injury by blocking
leukocyte sequestration and activation. How-
ever, |/R also increased inducible nitric oxide
synthase (iNOS), which potentiated injury [25],
as produced NO reacted with oxygen radicals to
form peroxynitrite [26]. Thus, NO seemed to
have bidirectional effects on the pathogenesis
of I/R induced acute renal failure, as suggested
previously [27].

Various studies have indicated that NO biosyn-
thesis and action were closely related to the
pathogenesis of ischemia/reperfusion-induced
acute renal failure (ARF) [28-30]. And previous-
ly, it was demonstrated that decreased endo-

thelium-dependent vasorelaxation and NO pro-
duction were related to an impaired renal
function observed after I/R [31]. Further, the
inhibition of NO synthase (NOS) was found to
aggravate the postischemic ARF, thereby sug-
gesting a renoprotective role of endogenous
NO in this disease [29]. Moreover, the NO pre-
cursor L-arginine was reported to ameliorate
postischemic ARF [32].

Therefore, it is of great clinical interest to eluci-
date the underlying mechanisms of renal I/R
injury and to develop the suitable protective
strategies.

The aim of the present study was to compare
the protective effects of the nitric oxide donor,
L-arginine, on renal ischemia reperfusion (I/R)
injury with that of the antioxidant vitamin C in
adult rats, as well as, the possible mechanisms
of these effects. All experiments were per-
formed in the Physiology Department, Faculty
of Medicine, Ain Shams University.

Materials and methods
Animals

Animals used were 50 Wistar adult rats, of both
sexes, weighing 150-200 grams.

Rats were purchased from the Research Inst
itute of Ophthalmology, Giza, Egypt, and housed
in animal cages (3 rats/cage) with suitable ven-
tilation, temperature of 22-25°C, 12 hours light
dark cycle and free access to food and water-
ad libitum- in the Animal House, Physiology
Department, Faculty of Medicine, Ain-Shams
University. The animals allowed to the new envi-
ronment for 7 days prior to experimental proce-
dures to decrease the possible discomfort of
animals.

Animals were not exposed to unnecessary pain
or stress and animal manipulation was per-
formed with maximal care and hygiene. Surgical
procedure ran under anesthesia to avoid induc-
tion of pain in animals. At the end of experi-
ment, animals were killed by overdose of anes-
thesia. Animal remains disposal occurred by
incineration.

Animals were divided randomly into the follow-
ing groups: Group I: Control group (10 rats),
sham operated group. All animals in this group
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serve as control group and receive daily intra-
peritoneal (i.p) saline injections for 3 days, and
then were subjected to the same procedure of
Group I, but without Ischemia-Reperfusion
(I/R). Group ll: Renal I/R group (10 rats);
received i.p injection of saline only for 3 days
before I/R procedure. All animals in this group
were subjected to I/R Procedure. At the day of
sacrifice, animals were anaesthetized with
Pentobarbital (40 mg/kg B.W., i.p.), abdominal
midline incision was performed, and occlusion
of the vascular pedicle of both kidneys was per-
formed for 30 minutes [33], using microvascu-
lar atraumatic clamps. After 30 minutes,
clamps were removed allowing reperfusion of
renal tissues for another 30 minutes. Group IlI:
L-arginine Pretreated renal I/R group (10 rats);
all rats of this group were injected by L-arginine
in a dose of 400 mg/kg/day i.p. for 3 days [34].
At the end of the 3 days, rats were exposed to
Renal I/R. Group IV: Vitamin C Pretreated renal
I/R group (10 rats); all rats of this group were
injected by Vitamin C in a single dose of 500
mg/kg/day i.p. 24 hours [35] prior to I/R
Procedure. Group V: Combined L-arginine and
Vitamin C Pretreated renal I/R group (10 rats);
all rats of this group were injected by L-arginine
400 mg/kg/day i.p. for 3 days and with a single
dose of vitamin C 500 mg/kg/day i.p. 24 hours
prior to I/R Procedure.

Collection of blood samples from abdominal
aorta and excision of the left kidney for Nitric
Oxide and oxidative stress markers were per-
formed in all animals of the 5 studied groups.
Also, right kidney was excised for histological
examination.

Blood samples from the abdominal aorta were
collected and the separated plasma was used
for subsequent determination of plasma urea
and plasma creatinine.

Kidney tissue was used for determination of
the following:

(1) Markers of Oxidative stress; (2) Nitric Oxide;
(3) Histological examination of the kidney.

Measurement of plasma urea and creatinine

Determination of plasma urea was performed
according to the method described by Searcy et
al. [36], using kits supplied by Biolabo, France.
Plasma creatinine was estimated according to

Jaffe reaction (kinetic method) described by
Fabiny and Ertingshausen [37] and modified by
Labbé et al. [38], using kits supplied by Biolabo,
France.

Kidney tissue malondialdehyde level (MDA)

As a product of lipid peroxidation. Kidney tis-
sues, stored frozen at -80°C till the day of MDA
determination, were homogenized according to
Eissa et al. [39], using the homogenizer Karl
Kolb (scientific technical supplies D.6072,
Dreieich, West Germany). The homogenization
buffer (pH 7.2) consisted of 0.32 mmol/L
Sucrose, 20 mmol/L N.2 hydroxyethyl pipera-
zine N.2 ethane sulfonic acid (HEPES), 0.5
mmol/L Ethylene diamine tetra-acetic acid
(EDTA), 1 mmol/L 1, 4 Dithio-DL-threitol (DTT),
1 mmol/L Phenylmethanesulfonyl fluoride
(PMSF) (Sig-ma). One ml buffer was added for
each 0.1 gm tissue. After homogenization,
samples were centrifuged at 3000 rpm for 10
min., and MDA in the supernatant was deter-
mined according to the technique of Esterbauer
and Cheeseman [40], in which MDA in the sam-
ple reacts with thiobarbituric acid in the
reagent, and the produced colour read at wave
length 535 nm. The obtained concentrations of
MDA were then divided by 1000, the results
being expressed in umol/gm wet tissue.

Measurement of kidney tissue nitric oxide (NO)

The concentration of nitrate, a stable end-prod-
uct of nitric oxide, was determined in homoge-
nized kidney tissue samples according to the
method described by Bories and Bories [41].

Kidney tissue catalase and superoxide dis-
mutase (SOD)

Catalase activity was measured based on the
spectrophotometric method described by Aebi
[42] using Bio-diagnostic kit (Cairo, Egypt).
Superoxide dismutase activity was assayed on
the basis of the ability of the enzyme to inhibit
the phenazine methosulphatemediated reduc-
tion of nitroblue tetrazolium dye, producing a
change in absorbance at 560 nm over 5 min
[43], using Bio-diagnostic kit (Cairo, Egypt).

Histological examination of kidney

For detection of necrosis, infiltration, glomeru-
lar or tubular damage, small pieces of tissues
were taken from the right kidney. Samples were
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Figure 1. Plasma urea (mg/dl) and plasma creatinine (mg/dl) levels in [_] control, /R ™ L-arginine pre-treated
B, vitamin C pre-treated [ =] and combined treated [[T] groups. a: Significance by LSD at P < 0.05 from control
group. b: Significance by LSD at P < 0.05 from I/R group. c: Significance by LSD at P < 0.05 from L-arginine pre-

treated I/R group.

fixed in 10% formalin for light microscopy.
Paraffin embedded sections of 5-um thickness
were stained with Hematoxylin and Eosin (H&E)
for subsequent microscopic examination under
high power.

Statistical analysis

All results in the present study were expressed
as mean * SE of the mean. Statistical Package
for the Social Sciences (SPSS, Inc., Chicago, IL,
USA) program, version 20.0 was used to com-
pare significance between each two groups.
1-Way ANOVA (Analysis Of Variance) for differ-
ence between means of different groups was
performed on results obtained in the study.
Differences was considered significant when p
<0.05.

Ethics statement

This research project was submitted and
approved by the Ethics Committee of Faculty of
Medicine, Ain Shams University.

Results
Results of plasma urea and plasma creatinine

Results obtained from this study showed that;
plasma urea (mg/dl) was significantly increased
in the I/R group (70.8 + 5.2) compared to the
control group (40.2 + 2.5, p < 0.001). Mean-
while, plasma urea was lowered in L-arginine
pretreated group (60.4 + 5.1, p < 0.01), vitamin

C pretreated group (43.3 +3.12, p < 0.001) and
the combined treated group (41.7 £+ 4.2, p <
0.001) compared to the I/R group. However,
plasma urea was still significantly higher in the
L-arginine pretreated group compared to con-
trol group. Also, plasma urea in the vitamin C
pretreated and the combined treated groups
was significantly lower than that of L-arginine
pretreated group (p < 0.001 for both) (Figure 1).

Plasma creatinine level (mg/dl) was significant-
ly increased in the I/R group (0.86 + 0.06) com-
pared to the control group (0.53 + 0.06, p <
0.001). Meanwhile, plasma creatinine level was
significantly decreased in L-arginine pretreated
(0.51 + 0.07), vitamin C pretreated (0.54 +
0.05) and the combined treated group (0.59 *
0.04) compared to the I/R group (p < 0.001,
0.001 and 0.01 respectively). No significant dif-
ferences were detected between all of the
treated groups and the control group (Figure 1).

Results of oxidative markers, antioxidant activ-
ity and nitric oxide

Kidney tissue MDA (UM/gm wet tissue) was sig-
nificantly increased in the I/R group (35.1 +
1.9) compared to the control group (20.2 + 1.6,
p < 0.001). Also, Kidney tissue MDA was signifi-
cantly decreased in L-arginine pretreated group
(28.7 £ 1.2), vitamin C pretreated group (24.1 +
0.99) and the combined treated group (23.2 +
1.8) compared to the I/R group (p < 0.01, 0.001
and 0.001 respectively). MDA in the L-arginine

156 Int J Physiol Pathophysiol Pharmacol 2014;6(3):153-165



Vitamin C and L-arginine in renal ischemia/reperfusion

pM/gm wet tissue

40 >

10

354
304
254
204
154
101

5_

0

Plasma MDA

p/gm wet tissue

9
8
7

Renal catalase

Figure 2. Renal malondialdehyde (MDA, uM/gm wet tissue) and renal catalase (u/gm wet tissue) levels in control
1, I/R =, L-arginine pre-treated [, Vitamin C pre-treated [~ ] and combined treated [[I] groups. a: Significance by
LSD at P < 0.05 from control group. b: Significance by LSD at P < 0.05 from I/R group. c: Significance by LSD at P <

0.05 from L-arginine pre-treated I/R group.
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Figure 3. Kidney tissue nitric oxide (NO, uM/gm wet tissue) and renal superoxide dismutase (u/gm wet tissue) levels
in control [], I/R =, L-arginine pre-treated &, Vitamin C pre-treated [~] and combined treated [[I]] groups. a: Sig-
nificance by LSD at P < 0.05 from control group. b: Significance by LSD at P < 0.05 from I/R group. c: Significance

by LSD at P < 0.05 from L-arginine pre-treated I/R group.

pretreated group was still significantly higher
than that of control group. Moreover, significant
decrease in MDA was detected in the vitamin C
pretreated and in the combined treated groups
when each was compared to the L-arginine pre-
treated group, p < 0.05 for both (Figure 2).

Renal catalase (u/gm wet tissue) was signifi-
cantly decreased in the I/R group (5.09 + 0.41)
compared to the control group (8.98 + 0.38, p
< 0.001). Renal catalase was significantly
increased in L-arginine pretreated (6.71 + 0.41),
vitamin C pretreated (8.39 = 0.30) and in the
combined treated (8.91 + 0.26) groups when
compared to the I/R group (p < 0.05, 0.001 and
0.001 respectively). Also, the values of the vita-

min C pretreated and the combined treated
groups were significantly higher than that of
L-arginine pretreated group, p < 0.01 and 0.001
respectively. Renal catalase in the L-arginine
pretreated was still significantly lower than that
of control group, p < 0.05.

Although kidney tissue NO levels (uM/gm wet
tissue) were lowered in I/R group, and higher in
the L-arginine pretreated group, no significant
changes in NO were detected between all the
studied groups (Figure 2).

Similarly, no significant changes were detected
in renal SOD (u/gm wet tissue) amongst the
studied groups (Figure 3).

157 Int J Physiol Pathophysiol Pharmacol 2014;6(3):153-165



Vitamin C and L-arginine in renal ischemia/reperfusion

.k
Lo ad 30\ 'y

‘\‘lf --,::\ \".};; <
R N & Vi r"

**** -

Figure 4. Photomicrograph of rat kidney at 400X in different studied groups.

Results of histological examination of kidney
tissue

H&E kidney stained sections (Figure 4) showed
normal structure of the renal cortex and medul-
la of sham-operated control group (Figure 4A).
This was markedly affected in renal I/R group
(Figure 4B) with poor differentiation between
renal cortex and medulla. The normal structure
was somewhat regained in the L-arginine pre-
treated group (Figure 4C), vitamin C pre-treated
group (Figure 4D) and the combined treated
group (Figure 4E).

The renal corpuscles in different studied groups
were demonstrated in Figure 5. In sham-oper-
ated control group (Figure 5A), the renal cor-
puscles were made up of tuft of convoluted
capillaries (the glomerulus) enclosed inside the
cup-shaped invagination of PCT (Bowman’s
capsule, lined by squamous epithelium). The
PCT revealed narrow lumen and were lined by
cuboidal cells revealing spherical nuclei &
eosinophilic cytoplasm. The DCT demonstrated
lining cuboidal epithelium and had wider lumen.
H&E kidney stained sections of I/R group
(Figure 5B) revealed many evident histo-patho-
logical changes. Regarding the glomeruli, asym-
metrical shapes and sizes were seen. Other
features of some glomeruli included; shrunken
glomeruli, low cellularity, thickened parietal
layer of Bowman’s capsule, and wide bowman’s

space. H&E kidney stained sections of
L-arginine pre-treated group (Figure 5C), vita-
min C pre-treated group (Figure 5D) and the
combined treated group (Figure 5E) showed
remarkable regression of the histopathological
changes caused by ischemia. Blood vessels
looked normal with no dilatation or engorge-
ment with blood. Glomeruli appeared appar-
ently healthy in symmetry, size and cellularity.

The renal tubules in different studied groups
were demonstrated in Figure 6. In sham-oper-
ated group, the tubules were almost typically
back to back with minimal interstitium in
between. The medulla was occupied mostly by
the collecting tubules that were lined by low
columnar epithelium (Figure 6A). In I/R group
(Figure 6B), epithelium lining tubules in some
areas demonstrated signs of degeneration like
vacuolation, swelling, pale frosted cytoplasm
with normal nucleus. Other tubules showed
necrotic changes of the epithelium with com-
plete destruction of the epithelium. Widening of
the interstitium was markedly evident and
exhibited excessive number of inflammatory
cell infiltration. Intra-renal arteries showed
marked congestion with blood. The lumen of
the tubules was widened and interstitium
revealed dilated congested blood vessels.

Histopathological photomicrograph of L-argini-
ne pre-treated group (Figure 6C), vitamin C pre-
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Figure 5. Photomicrograph of rat kidney glomeruli at 1000X in different studied groups.

treated group (Figure 6D) and the combined
treated group (Figure 6E) showed apparent
regression of the tubular histopathological ch-
anges caused by ischemia. Most of the tubules
appear healthy. However, still remain dispersed
patches of tubular degeneration, necrosis, and
hyaline cast deposition were seen.

It seemed that vitamin C pre-treated group
(Figures 4D-6D) showed more improvement for
the renal tissue than in L-arginine pre-treated
group (Figures 4C-6C) and than in the com-
bined treated group (Figures 4E-6E) as less
patches of kidney damage and less infiltration
were noticed.

Discussion

The present study was performed to compare
the protective effects of the antioxidant vitamin
C with that of the nitric oxide donor, L-arginine,
on renal ischemia reperfusion (I/R) injury in
adult rats, as well as, the possible mechanisms
of these effects.

The obtained results showed that plasma urea
and creatinine levels were significantly increas-
ed in the I/R group compared to the control
group. Meanwhile, plasma urea and creatinine
levels were lowered in L-arginine pretreated
group, vitamin C pretreated group and the com-
bined treated group compared to the I/R group.

Kidney tissue MDA was significantly increased
in the I/R group compared to the control group,
and was significantly decreased in L-arginine
pretreated group, vitamin C pretreated group
and the combined treated group compared to
the I/R group. In the vitamin C pretreated and
the combined treated groups plasma urea was
significantly lowered in addition to significant
decrease in MDA than that of L-arginine pre-
treated group.

Renal I/R injury caused a complex multifactor
interaction between renal hemodynamics, in-
flammatory mediators, endothelial and tubular
injury. The kidney receives 25% of the cardiac
output but the majority goes to the cortex and
hence even slight changes in perfusion may
lead to ischemia of the medulla [44]. During I/R
injury renal endothelial and parenchymal cells
secreted proinflammatory cytokines and che-
mokines [45]. The cytokines and the ROS pro-
duced by I/R injury upregulated the expression
of adhesion molecules [46]. The combination
of chemokines, cytokines and adhesion mole-
cules lead to recruitment, activation and
sequestration of leukocytes, which generated
further ROS and cytokines and potentiated the
injury [44].

Renal functions were impaired in the |I/R group
of the present study. The deteriorated renal
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Figure 6. Photomicrograph of rat kidney tubules at 1000X in different studied groups.

functions were evidenced by elevated plasma
urea and plasma creatinine levels. This is in
accordance to the findings of many previous
studies [4, 6].

Increased oxidant stress in I/R group resulted
in elevation of kidney tissue MDA, a good mark-
er of oxidative stress. I/R rapidly promote the
generation of superoxide and other ROS prod-
ucts such as hydrogen peroxide and hydroxyl
radical [47]. The early rise in ROS contributes to
tissue damage and the loss of function in I/R-
induced models of acute kidney injury [47].

Moreover, renal catalase activity was decreased
after I/R in present study is in line with other
previous studies that found a decrease in cata-
lase activity [48, 49] which could be due to the
depressor effects of ROS generated during I/R
on catalase gene expression [48].

Changes in kidney color during the process of
I/R is a good confirmation of I/R in the present
study. Moreover in the present study, the
changes in renal histology in I/R group were
obtained in the form of asymmetrical and
shrunken glomeruli, vacuolation and swelling of
epithelium lining convoluted tubules, necrotic
changes of the epithelium lining tubules and
excessive number of inflammatory cell infiltra-

tion of the interstitium. These findings clearly
demonstrated the alteration in renal structure
after I/R injury [2, 50].

In the present study, pre-treatment with the
antioxidant Vitamin C resulted in marked im-
provement in renal functions, manifested by
significant decrease of plasma urea and creati-
nine levels and kidney MDA levels. These find-
ings were similar to studies of Korkmaz and
Kolankaya [51] and Vinodini et al. [52], and
other previous studies that showed that the
antioxidant ascorbic acid has been shown to
attenuate renal damage caused by a variety of
insults, such as postischemic stress, cisplatin,
aminoglycosides, and potassium bromate in
animals and had an extensive safety record as
a dietary supplement in humans [13]. Also,
improvements were noticed in Vitamin C pre-
treated I/R group in the form of remarkable
regression of the histopathological changes
caused by ischemia. Glomeruli and tubules
appeared apparently healthy and also most of
the tubules, with less necrosis and infiltration.

Several mechanisms by which vitamin C may
intervene in the oxidative-induced interaction
between inflammatory cells and endothelial
cells have been described. While P-selectin
could be affected by aqueous-phase oxygen
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radicals, vitamin C might attenuate the up-reg-
ulation of this critical adhesion molecule by
neutralizing these radicals [53]. Also, the water-
soluble antioxidant intercepts aqueous-phase
oxygen radicals before they attack lipoprotein
lipids, thus also preventing the initiation of lipid
peroxidation [53-55]. In Lloberas et al. [56], an
I/R study, vitamin C reduced the production of
PAF and PAF-like lipids, thus confirming that
lipoperoxidation was affected and that was
related to the suppression of aqueous-phase
oxygen radical generation. Reducing the pro-
duction of oxygen free radicals with an antioxi-
dant could not only block enzymatic PAF syn-
thesis, but could also prevent unregulated
generation of circulating phospholipids with
PAF activity, thus impeding subsequent oxida-
tive events. So, reducing oxidative stress and
subsequently the production of ROS by the anti-
oxidant vitamin C in the present study is of
great value in reducing renal structural and
functional damage induced by I/R. This effect
was evident by the decrease in renal tissue
MDA, plasma urea and plasma creatinine, in
addition to the less renal glomerulo-tubular and
cellular damage in the vitamin C pretreated
group. Moreover, vitamin C pretreatment result-
ed in an increase in plasma catalase activity
after I/R. This could be attributed to the reduc-
tion of ROS and subsequently reduction of any
depressor effect of ROS on gene expression of
different enzymes [48].

L-arginine pretreated I/R group in the present
study showed significantly reduced plasma ure-
a, plasma creatinine levels and kidney MDA
level, in addition to increase renal catalase act-
ivity. Also, improvements were noticed in the
histopathological sections of kidneys in the
L-arginine pre-treated group. These findings we-
re in agreement with Garcia-Criado et al. [57],
Nakajima et al. [58] and Tripatara et al. [59].
Garcia-Criado et al. [57] demonstrated that sys-
temic treatment with a NO donor before reper-
fusion improved renal function and diminished
inflammatory responses in a kidney subjected
to an I/R process. Also, Tripatara et al. [59]
demonstrated that topically administered sodi-
um nitrite protects the rat kidney against I/R
injury and dysfunction in vivo via the genera-
tion, in part, of xanthine oxidoreductase-cata-
lyzed NO production. These observations sug-
gested that nitrite therapy might prove
beneficial in protecting kidney function and

structural integrity during periods of I/R such
as those encountered in renal transplantation.
However, the effect of L-arginine in renoprotec-
tion was less marked than that of vitamin C as
noticed in the higher plasma urea, renal MDA
and lower renal catalase in the L-arginine pre-
treated group compared to control group, and
also the less histopathological improvements.
Meanwhile, Kidney tissue NO level, in the pres-
ent study, was higher, although non-significant,
in the L-arginine pretreated group but no signifi-
cant changes in NO were detected between all
the studied groups. Thus, the NO changes
could play less role in renal IR injury than ROS
generation mechanisms in this study.

It was found in the current study that pretreat-
ment with L-arginine prior to I/R did not have
better renoprotective effects when compared
to other treated groups. That observation was
somewhat similar to the previous study of Rhee
et al. [60], who demonstrated that hepatic I/R
increased the malondialdehyde level and
exhausted the catalase activity remarkably.
Vitamin C & vitamin E lowered the malondialde-
hyde levels and protected against catalase
exhaustion, but had no significant effect on the
NO production. L-arginine had a definite antioxi-
dant effect, which was much weaker than that
of Vitamin C & vitamin E.

However, a more recent study by Rusai et al.
[61] in the ischemic rat kidney, observed that
L-arginine (2 g/kg body weight daily) didn't
affect the injury sustained from I/R, but did
increase the mRNA expression of NOS iso-
forms. This may be explained by time and dose
administration differences between studies,
along with the severity of the ischemic injury.

The minor role of L-arginine in the current study
could be explained by the fact that NO has
been shown to have several functions in the
kidney, depending on its concentration, site of
release, and duration of action [62]. For exam-
ple, NO generated by inducible NO synthase
(iNOS) has been shown to have cytotoxic
effects on renal tubular epithelial cells [63]. In
contrast, an increased expression of endothe-
lial NOS (eNOS), which could lead to the
enhanced production of endothelium-derived
NO, might ameliorate ischemic and toxic renal
injury by mediating vasodilation, inhibiting leu-
kocyte adhesion, and reducing platelet aggre-
gation [62]. They proposed the key role of endo-
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thelial dysfunction in acute renal ischemia,
suggesting that the defective production of
endothelial NO might eventually lead to the
destruction of tubular epithelial cells through
vascular congestion or the “no reflow” phenom-
enon. Also, Nakajima et al. [58] demonstrated
that, although preischemic treatment with a NO
donor was renoprotective, postischemic treat-
ment with the same agent aggravated the I/R
induced renal injury, probably through peroxyni-
trite overproduction. It is postulated that under
normal conditions, NO appears to protect renal
function. However, this NO-dependent protec-
tion is lost during kidney failure, probably due
to increased reactive oxygen species synthesis.
The antioxidant treatment restores the viability
of NO and prevents the tetrahydrobiopterin oxi-
dation. Thus, this treatment may represent a
therapeutic approach for the management of
kidney disease [64].

The more apparent role of vitamin C observed
in the current study when compared to NO
donor was in agreement with Miloradovi¢ et al.
[65] who demonstrated that L-arginine failed to
reduce tubular injury, despite its evident
improvement of systemic and renal hemody-
namic, thus NO seemed to act as a double-
egged sword, but reduction of tubular injury
promoted vitamin C as an effective chemopro-
tectant against I/R tubular injury in hyperten
sion.

However, the more apparent effect of vitamin C
than L-arginine found in the present study was
in disagreement to Unal et al. [66], who found
that the exogenous nitric oxide (Na-nitropru-
sside) inhibited xanthine oxidase, and had
more apparent preventive features for renal I/R
injury than the antioxidant vitamins C+E. But
that improving vitamin C effect was in line with
the study of Mahfoudh-Boussaid et al. [67],
who showed that ischemia preconditioning and
vitamin C improved the functional parameters
of ischemic testis. However, the protective
effects are attenuated when the two treat-
ments are combined. They also demonstrated
that a potent antioxidant like vitamin C was
found to be more effective than increasing
blood flow by a vasodilator like dopamine on
improving I/R injury following testicular
ischemia.

The current study showed no significant chang-
es detected in renal SOD amongst the studied

groups despite of significant improvement in
renal function in the different treated group.
Previous studies about the effect of renal I/R
on SOD were controversial. Rasoulian et al. [49]
found an increase in renal SOD activity after
I/R, while Chander and Chopra [68] found that
renal SOD activity decreased following 45 min
ischemia and 24 h reperfusion. Moreover,
Erdogan et al. [69] detected increased renal
SOD activity after 30 min ischemia and 120
min reperfusion although this increase was not
significant. It could be concluded from these
studies that the effect of renal I/R on SOD
depends on the duration of I/R process and on
the part of kidney taken for estimation of SOD
activity, since most of kidney SOD activity is
related to renal cortex [70].

Thus, the oxidant stress represents the most
important factor underlying I/R renal damage.
Itis therefore of much value to minimize the oxi-
dative stress and reduce the production of ROS
to protect kidneys from deleterious effects in
structure and function. The role of NO in pro-
tecting against or in promoting I/R renal injury
should be studied further.

Conclusion

Renal I/R injury resulted in marked oxidative
stress to renal tissue that leads to deterioration
in renal functions, increased urea, creatinine,
MDA, and decrease catalase activity, in addi-
tion to evident pathological changes in renal
structure. Treatment with the NO donor
L-arginine or with the antioxidant vitamin C
before renal I/R could partially protect against
I/R injury evidenced by the decrease in plasma
urea and creatinine, in addition to the decrease
in renal MDA and the increase in renal cata-
lase, and amelioration of the pathological
changes in kidney structure. The reno-protec-
tive effects of pretreatment with vitamin C were
significantly more apparent than the pretreat-
ment with L-arginine. Combined pretreatment
with both L-arginine and vitamin C did not pro-
duce more protective effects than vitamin C
alone.

Thus, it could be concluded that oxidative stre-
ss is the primary element involved in renal I/R
injury. So, antioxidants could play an important
role than NO donors in amelioration of renal I/R
injury.
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