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Abstract

Background: Renal ischemia and subsequent reperfusion injury is a major cause of acute renal failure and transplant rejection.
Nitric oxide and its metabolites have important role in renal ischemia/reperfusion injury. Beta carotene as an antioxidant effectively
scavenges toxic metabolites of nitric oxide. Our previous study has shown that beta carotene pretreatment protects kidney against
ischemia/reperfusion injury.
Objectives: In this experimental study we investigated whether effect of beta carotene is causally linked with nitric oxide signal
transduction.
Methods: In this experimental study, male adult Wistar rats (250 - 300 g) were exposed to 45 minutes of renal ischemia followed by
4 hours of reperfusion. Beta carotene (10, 30 and 100 mg kg-1) or vehicle was administered for 5 days prior to ischemia. Nitrite and
nitrate were measured in the urine sample. Blood Flow and blood pressure were monitored during I/R period.
Results: I/R decreased (P < 0.001) urinary nitrite - nitrate and renal blood flow. Beta carotene pretreatment increased them (P <
0.05 - P < 0.001), although not by all doses. Blood pressure was not affected by beta carotene.
Conclusions: Since beta carotene administration improved renal blood flow and reduced the injury, it seems that beta carotene
exerts some of its protective effects, probably by modulating of nitric oxide system.
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1. Background

Renal ischemia and subsequent reperfusion (I/R) in-
jury is an unavoidable consequence of kidney transplanta-
tion, which also occurs in many other clinical situations.
The results of this phenomenon vary from acute kidney in-
jury to acute and chronic transplant rejection [1].

I/R injury is a complex phenomenon involving multi-
factorial and interdependent mechanisms [2]. Imbalance
between local tissue oxygen supply and demand results in
accumulation of metabolites that could harm the tubular
epithelial cells, eventually leads to death by apoptosis and
necrosis [3].

Nitric oxide (NO) and its metabolites play an important
role in I/R injury [4]. NO is thought to exert both protec-
tive and deleterious effects depending on the generating
enzyme: the generation of NO by inducible NO synthase
(iNOS) contributes to renal cell injury due to infiltration
with inflammatory cells, by direct DNA damage or by apop-
totic effects. On the other hand, reduced activity of en-
dothelial NOS (eNOS) contributes to renal impairment due
to endothelial dysfunction and consecutive renal vasocon-
striction [5].

Beta-carotene, the most abundant form of provitamin
A, powerfully scavenges free radicals [6] and its consump-
tion can reduce the risk of various disorders, like cardiac
disease and cancer [7].

We have previously shown that beta carotene pretreat-
ment protects kidney against I/R injury by restoring of an-
tioxidants and reduction of lipid peroxidation in renal tis-
sue [8].

Inhibition of nitric oxide synthase reduces renal I/R
[9]. It has been shown that beta carotene can inhibit iNOS
and thereby possesses anti-inflammatory activity [10]. An-
other study reported that beta carotene effectively scav-
enges toxic NO metabolites like nitrogen dioxide and per-
oxynitrous acid [11].

2. Objectives

So in this experimental study we investigated whether
protective effect of beta carotene on the renal I/R injury is
causally linked with nitric oxide signal transduction.
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3. Methods

Animals: in this experimental study, male Wistar rats
(250 - 300 g) were housed in a light-controlled room with 12
hours light-dark cycle and were allowed ad libitum access
to food and water. The experimental protocols were ap-
proved by the ethic committee of Ahvaz Jundishapur Uni-
versity of Medical Sciences.

Experimental protocols: animals were randomly di-
vided into five groups (n = 7): group 1, all surgical proce-
dures were carried out except clamping of the renal pedi-
cles (Sham); group 2, animals received Tween-80 in phys-
iologic saline (4 mL kg-1, ip) for 5 days and then I/R was
performed (I/R); groups 3, 4 and 5 which received beta
carotene at 10, 30 and 100 mg kg-1 via intraperitoneal in-
jection, respectively (as BC10 + I/R; BC30 + I/R and BC100 +
I/R) [12-14], for 5 days prior to I/R induction [15]. In the day
of experiment, animals were anaesthetized with a combi-
nation of xylazine (20 mg kg-1, ip) and ketamine (100 mg
kg-1, ip). Anesthesia was maintained by supplementary
doses of anesthetics. Body temperature was recorded rec-
tally and maintained at 37°C by using a thermostatic blan-
ket (Harvard Apparatus, UK). Tracheostomy was performed
to maintain airway patency and to facilitate spontaneous
respiration. The right femoral artery was cannulated (PE-
50) to measure mean arterial pressure (MAP) continuously
(Powerlab system, ADInstruments, Australia). The right
femoral vein was cannulated for anesthetics administra-
tion and heparinized saline infusion at 2 - 4 mL kg-1 h-1. Blad-
der was cannulated for collection of urine sample. The re-
nal pedicles, containing the artery, vein, and nerve supply
of each kidney were isolated. After 45 minutes stabilization
period, I/R injury was induced by clamping both renal vas-
cular pedicles for 45 minutes, followed by 4 hours of reper-
fusion [16]. Cortical blood flow of the kidney was mon-
itored by Laser Doppler (Moor instruments) prior to is-
chemia and during reperfusion period. Urine sample was
collected during reperfusion period and stored at -20°C un-
til analysis.

NO assay: nitrate and nitrite (NOx) in the plasma level
were determined to measure the NO generation. Detec-
tion of NOx was performed using the nitrate/nitrite col-
orimetric assay kit obtained from Cayman chemical com-
pany (Ann Arbor, MI, USA) in a 96-well plate according to
the manufacturer’s protocol. Urinary NOx excretion is ex-
pressed as µM NOx to mM Creatinine (Cr) ratio.

Creatinine assay: urinary Cr concentration was mea-
sured spectrophotometrically (Ultrospec 3000, Pharmacia
Biotech, USA) using commercial kit (DarmanKave, Iran).

Statistical analysis: given as means ± SEM, data were
analyzed by using statistical package for social sciences
(SPSS, version 17) for Windows software. For NOx levels

statistical significance was determined by ANOVA test fol-
lowed by Dunnett’s test. Blood flows and blood pressures
were compared by repeated measures ANOVA and Bonfer-
roni test. A P < 0.05 was considered statistically significant.

4. Results

Concentration of both nitrite and nitrate as an estab-
lished marker of NO generation was determined. The NOx
production is expressed as a ratio of NOx/Cr for more accu-
racy. Renal I/R injury resulted in a non-significant increase
of NOx excretion compared to the sham group (Figure 1).
Although beta carotene pretreatment strongly increased
NOx/Cr ratio in BC30 + I/R and BC100 + I/R groups (P < 0.05
and P < 0.01), this ratio was unaffected by beta carotene
pretreatment at the 10 mg/kg dose.

The MAP results of all groups are shown in Figure 2.
There were no significant differences in the initial values of
MAP between groups. Induction of ischemia immediately
increased MAP in all groups. MAP returned to the baseline
value in 40th minutes of reperfusion period and did not
change up to the end of experiment. Beta carotene pre-
treatment had no significant effect on MAP at any doses.

Figure 1. Effect of Beta Carotene Pretreatment at 10, 30, and 100 (mg kg-1) on Urinary
Nitrite/Nitrate (NOx) Excretionin Rat
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Effect of beta carotene pretreatment at 10, 30, and 100 (mg kg-1) on urinary ni-
trite/nitrate (NOx) excretion in rat. NOxexcretion is given inµMNOx/ mM Cr. Values
expressed as mean ± SEM. * and ** Significant difference vs. I/R group, P < 0.05 and
P < 0.01 respectively. (One-way ANOVA followed by Dunnett’s test).

Figure 3 indicates the renal blood flow (RBF) in all
groups. After releasing the clamp, RBF started to increase
steadily but it did not reach to the baseline value in any
groups. RBF values were significantly higher in BC30 + I/R
and BC100 + I/R groups than respective values in I/R group.

5. Discussion

This study designed to assess the probable role of NO
in the protective mechanisms of beta carotene in the renal
I/R injury. The results showed an increase in NO produc-
tion after induction of I/R, remarkably in the beta carotene
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Figure 2. Mean Arterial Pressure During I/R Injury in Different Groups
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mean ± SEM. * Significant difference vs. sham group, P < 0.05. # Significant dif-
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Figure 3. Cortical Renal Blood Flow During I/R Injury in Different Groups
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Cortical renal blood flow during I/R injury in different groups. Values expressed as
mean ± SEM in respect of the basic value. † Significant difference vs. I/R group, P <
0.05. (ANOVA followed by Bonferroni test).

treated groups and concomitant increase in blood flow de-
spite relatively stable blood pressure.

Ischemia (cessation of blood flow), followed by reper-
fusion (re-establishment of blood flow), causes character-
istic injury to organs and tissues [17]. Different mecha-
nisms are involved in the renal I/R injury including hy-
poxia, inflammatory responses and free radicals produc-
tion [18]. Many studies revealed the role of NO and its
metabolites in mechanism of I/R injury [19-21].

Three isoforms of nitric oxide synthase (NOS) produce
NO: endothelial NOS (eNOS) and neuronal NOS (nNOS), col-
lectively known as constitutive NOS (cNOS), are expressed
in the renal vasculature and macula densa, respectively. In-
ducible NOS (iNOS) has been found in segments of the re-
nal tubule, glomerulus, and interlobular and arcuate ar-
teries of normal rat kidneys [9]. The beneficial effects of
eNOS in maintenance of renal function like sodium reab-
sorption in proximal tubule were reported [22, 23]. It also
has been reported that NO produced by eNOS can dilate the

pre-glomerular arteries and thereby increases renal blood
flow [24]. On the other hand, enhanced iNOS activity can
lead to renal dysfunction [21].

Collectively, an imbalance between the expression and
activity of eNOS and iNOS (a decline in eNOS activity with
a concurrent increase in iNOS expression) is therefore re-
sponsible for pathophysiology of I/R injury [17].

Though our results showed a little increase in NO gen-
eration after I/R induction, interestingly beta carotene pre-
treatment enhanced it more. However discrimination be-
tween eNOS and iNOS derived NO production is not possi-
ble based on our data.

It has been shown that NO can interact with superoxide
anion to generate the prooxidant species such as peroxyni-
trite, an important agent which causes lipid peroxidation
of cellular membranes [24]. Under the acidic conditions
that prevail during I/R, it converts to peroxynitrite and sub-
sequently to other toxic compounds like nitryl cation, ni-
trogen dioxide and hydroxyl radical [25].

In our previous studies beta carotene pretreatment
could attenuate I/R injury and restore endogenous antiox-
idants like glutathione and superoxide dismutase [8, 26].
This is in accordance with other reports that introduce
beta carotene as an effective scavenger of toxic reactive ni-
trogen species like: nitrogen dioxide and peroxynitrous
acid [27, 28]. Then we conclude that beta carotene pre-
treatment in higher doses used in this study, despite more
NO generation, could scavenge toxic NO metabolites effec-
tively.

Our results showed that beta carotene pretreatment
could enhance RBF, implying a reduction in vascular resis-
tance probably by action of NO. These findings lead us to
this idea that beta carotene stimulated eNOS more than
iNOS. Another finding of our study was the stability of
blood pressure in most of the reperfusion time. Then en-
hancement of RBF could not be due to changes in blood
pressure. These results are in accordance with previous
study [24] which notified L-arginine (precursor of NO) has
a tendency to exert a beneficial effect on renal damage dur-
ing I/R in rats. Moreover, L-NAME (inhibitor of NOS) seems
to worsen the renal damage probably due to reduction of
NO production.

5.1. Conclusions

The findings of this study indicate that pretreatment of
beta carotene had a protective role in I/R injury of the kid-
ney by increasing of RBF due to stimulation of NO genera-
tion probably further by eNOS isoform and by scavenging
of toxic NO metabolites.
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