Effect of denervation and ischemia reperfusion injury on
serum nitric oxide levels in rats
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Objectives: To evaluate the effect of renal denervation
and serum nitric oxide level with a different time
course of renal ischemia-reperfusion injury.

Methods: Thirty-six male Wistar rats were randomized
into 6 groups. All rats underwent right nephrectomy
to create a single kidney model. Renal denervated
and innerved rats were subjected to renal clamping
for 30-60 minutes. The study was performed in the
Department of Anatomy, Akdeniz University, Antalya,
Turkey, between June and November 2005.

Results: Combined effect of denervation and ischemia
may caused significant increase in serum nitric oxide
levels and decrease in glomerular filtration rates.

Conclusion: Our results indicate that kidney
denervation did not cause any changes in renal
functions, but with ischemia it worsens the deleterious
effect of ischemia-reperfusion injury, and causes a
significant increase in serum nitric oxide levels.
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Ischemia—reperfusion (IR) injury particularly that of
the kidney, has been a topic of intensive study in
the recent years because of its frequency and clinical
significance.! Renal IR injury is pertinent to vascular
and transplant surgery.” However, the pathogenesis
of the injury has not been well defined. Oxygen free
radicals due to ischemia may cause DNA scission
and base modification, lipid peroxidation, or protein
damage, and inactivation.! Mechanisms of IR injury
have been considered including abnormalities in regional
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blood flow, endothelial/epithelial cell dysfunction,
inflammation, and tubular obstruction.®*  Kidney
nonfunction, delayed graft function, increased acute
rejection, and late allograft dysfunction due to IR injury
is the most important problem in transplantation.* The
aim of the present study is to evaluate the effect of renal
denervation and serum nitric oxide (NO) level with a
different time course of renal IR injury in rats.

Methods. The Experimental Animal Committee at
Akdeniz University approved the experimental protocols
and animal care methods in the experiments. Male
Wistar rats weighing 350-400gr were used in this study.
Animals were housed in a light-controlled room with a
12-hours light/dark cycle and were allowed ad libitum
access to food, water, and not fed a special diet that may
affect NO levels. These rats were separated into 6 groups:
Group I (n=6) underwent right nephrectomy, group
IT (n=6) underwent right nephrectomy and left renal
ischemia by occlusion of the renal artery for 30 minutes,
group III (n=6) underwent right nephrectomy and left
renal ischemia by occlusion of the renal artery for 60
minutes, group IV (n=6) underwent right nephrectomy
and left denervation, group V (n=6) underwent right
nephrectomy, left denervation, and left renal ischemia
by occlusion of the renal artery for 30 minutes, and
group VI (n=6) underwent right nephrectomy, left
denervation, and left renal ischemia by occlusion of
the renal artery for 60 minutes (Table 1). To induce
ischemic acute renal failure, rats were anesthetized with
10 mg/ kg xylazine hydron cloruro (HCI) (Alfazyne 2%,
Alfasan International Besloten Vennootschap [B.V.]),
50 mg/kg ketamin HCI (Alfamine 10%, Alfasan
International B.V.), and the left kidney was exposed
through an abdominal midline incision. The left renal
artery and vein were occluded with a non-traumatic

Table 1 - List of experimental design.

Groups  Nephrectomy Denervation 30 minute 60 minute
ischemia ischemia
Group I Applied Not applied ~ Not applied Not applied
Group II Applied Not applied Applied  Not applied
Group III Applied Notapplied ~ Notapplied  Applied
Group IV Applied Applied Not applied  Not applied
Group V Applied Applied Applied  Not applied
Group VI Applied Applied Not applied ~ Applied

1562 Saudi Med J 2008; Vol. 29 (11)

WWW.Smj.org.sa

clamp for 30 min or 60 min. At the end of the ischemic
period, the clamp was released to allow reperfusion.
Renal denervation was accomplished 5 min before the
start of ischemia by cutting all visible nerves entering
the renal hilus, stripping the renal artery and vein of
adventitia, and applying a 10% phenol in 70% ethanol
to the vessels.” Animals exposed to 30 min and 60 min
ischemia were housed in metabolic cages at 24 hour
after reperfusion. Venous blood samples were collected
from the tail of all rats housed in metabolic cages at one-
hour after reestablishment of blood flow. At the end of
urine collection, blood samples were drawn from the
thoracic aorta under 10mg/ kg xylazine HCI (Alfazyne
2%, Alfasan International B.V.), 50 mg/kg ketamin HCI
(Alfamine 10%, Alfasan Int. B.V.) anesthesia. The study
was performed in the Department of Anatomy, Akdeniz
University between June and November 2005.

Blood samples were drawn from group I at one and
24 hour after nephrectomy, from group II, III, V and VI
at one and 24 hours after reperfusion, from group IV at
one and 24 hours after denervation. Twenty-four hours
urine samples were collected by using metabolic cages.
The blood samples were centrifuged (4000 rpm for 5
min) to separate serum. Serum and urine samples were
stored at -80°C until analyses were performed. Serum
creatinine, blood urea nitrogen (BUN) and urinary
creatinine levels were measured by spectrophotometric
methods on Modular PP analyzer (Roche Diagnostics,
Basel, Switzerland). The results were expressed as
mg/dL. Serum and urine electrolyte concentrations
were measured on the same analyzer using ion-specific
electrodes and internal reference solutions. The results
were expressed as mEq/L. Serum NO levels were
determined by using a commercial kit (Calbiochem,
Catalog number: 482650). The assay involved the
conversion of nitrate to nitrite by nitrate reductase.
The detection of nitrite is determined as a colored
azo-dye product of the Griess reaction that absorbs
visible light. Serum samples containing significant
levels of protein may produce a precipitate that may
interfere with accurate measurement of NO. Therefore,
we removed excess proteins by boiling 5 min and
centrifuging 10,000 x 5 min, prior to performing the
assay as mentioned in the kit insert. The concentration
of NO was indirectly measured by determining both
nitrate and nitrite levels in the same sample. The results
were calculated as pmol/L.  The glomerular filtration
rates (GFR) were calculated by creatinine clearance. The
results were expressed as mL/min. Fractional excretion
of sodium (FeNa) was calculated using the formula:
(urinary sodium x plasma creatinine) / (plasma sodium
x urinary creatinine)x100. The results were expressed as
percentage.

Statistical analysis was carried out using the SPSS
package (version 11.0, SPSS, Chicago, Illinois, USA).
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Data were expressed as mean + standard deviation. A p
value of <0.05 was considered statistically significant.
The Wilcoxon signed ranks test and the Mann—Whitney
U test were used to evaluate differences between the
groups.

Results. Effects of 30 and 60 min IR injury on renal
function are summarized in Figures 1a-1f. Renal functions
of rats, subjected to 30-min ischemia (group II) were
measured at one and 24 hours after the reperfusion. As
compared with sham-operated rats (group I), group II
rats showed a significant increase in serum creatinine
and BUN concentrations. Ischemia-reperfusion injury
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did not significantly influence the glomerular filtration
rates in this group. On the other hand, a marked
deterioration was observed with 60-min ischemia in
group III rats. In this group, serum creatinine and
BUN levels were found as significantly increased while
the GFR values were found as decreased. At the end
of the first-hour, there was no significant alteration at
serum NO levels in both groups when compared with
sham operated group. Combined effects of denervation
and ischemia on renal function were evaluated. Renal
function of rats subjected to 30-min ischemia showed
a marked deterioration when measured at one and 24
hours after the reperfusion. As compared with sham-
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Figure 1 - Effects of renal denervation and ischemia reperfusion injury on a) blood urea nitrogen, b) serum creatinine, c) serum potassium, d) glomerular
filtration rate, e) fractional excretion of sodium, f) and nitric oxide at one hour after reperfusion (open bars) and at 24 hours after reperfusion

(close bars) .

*p<0.05: statistically significant versus INN nphec group, INN - innervation, DNX - denervation, nphec - nephrectomy, nphec

30isch - nephrectomy and 30 minute ischemia, nphec 60isch - nephrectomy and 60 minute ischemia.
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operated rats, this group showed significant increases in
blood urea nitrogen, serum creatinine concentration,
and significant decreases in GFR. Extending the
ischemia time to 60 minutes worsened the renal function
of rats when measured at one and 24 hours after the
reperfusion. As compared with sham-operated rats,
denervated acute renal failure rats showed significant
increases in blood urea nitrogen, serum creatinine
concentration, and significant decreases in GFR. In
both groups serum NO significant higher than sham
operated group and Fena values were over one. When
innerve and denervated groups with the same ischemia
periods were compared with each other, denervated
group showed a slight increase in blood urea nitrogen,
serum creatinine concentration, and a slight decrease in
GEFR, but it was not significant.

Discussion. Ischemic acute renal failure is a
frequent clinical syndrome with high morbidity and
mortality.® Reperfusion of previously ischemic renal
tissue initiates a complex cellular event that results in
injury and the eventual death of renal cells due to a
combination of apoptosis and necrosis.” The molecular
mechanisms underlying the ischemia/reperfusion-
induced renal injury are poorly understood, but it has
been reported that several causal factors (AT depletion,
reactive oxygen species, phospholipase activation,
neutrophil infiltration, vasoactive peptides, and so
forth) are contributive to the pathogenesis of this renal
damage.® This damage is related with the time course
of the ischemia. Reports have cited 30 minutes as the
maximum tolerable limit of renal ischemia time.”'?
Williams et al,'® reported that a renal ischemia of 45
min and Paller and Hebbel reported a renal ischemia
of 60 min significantly improved renal damage in
the rat kidney. Paller and Hebbel and Paller et al”
reported that immunohistochemical and biochemical
damage appears after 4 hours, and it peaks at 24 hours.
The standard methodology of acute surgical /chemical
renal denervation is at least one hour recovery must
be allowed after maneuver.'® In the present study, we
applied 30-min, and 60 min ischemia and the function
of kidney were assessed on the first and 24th hours. All
rats underwent right nephrectomy to create a single
kidney model. Renal function of rats subjected to
30-min ischemia measured on the first and 24 hours
after the reperfusion. Acute renal failure rats showed
significant increases in BUN and serum creatinine
concentration. In this group, there was no significant
difference in GFR. The 60 minute groups showed a
marked deterioration when measured one and 24 hours
after the reperfusion. In the 60 minute groups BUN
and serum creatinine significantly increased. Extending
the ischemia period from 30min to 60min caused
significant decreases in GFR. The renal circulation,
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tubular reabsorption, and release of renin are under
multiple control by the renal nerves, hormones, and
paracrine active agents.”” In the kidney, increased renal
sympathetic nerve activity regulates the functions of
the intrarenal effectors: the tubules, the blood vessels,
and the juxtaglomerular granular cells. This enables a
physiologically appropriate coordination between the
circulatory, filtration, reabsorptive, excretory, and renin
secretory contributions to overall renal function.'®
Removal of the neural input by renal denervation,
leading to inhibition of tubular transport (denervation
natriuresis) and, under some circumstances, to a decrease
in renin secretion and an increase in renal blood flow
(RBF) may be expected to be compensated, at least
in part, by control systems working in the opposite
direction. For instance, humoral vasoconstrictor agents
could help offset the loss of vasoconstrictor tone provided
by noradrenaline released from renal nerve endings.
However, it is possible that some of the compensatory
mechanisms do not come into play immediately after
denervation, but require some time to develop.” In
our study, we observed significant increments in serum
creatinine and BUN levels in denervated group when
compared with sham operated group 24 hours after the
reperfusion. However, we did not found any significant
difference between the other measured parameters. These
results suggest that kidney denervation without ischemia
did not cause any changes in renal functions. Ogawa
et al*® demonstrated that renal denervation abolishes
the protective effects of ischemic preconditioning on
function and hemodynamics in ischemia-reperfused rat
kidneys. This results are partly parallel with our findings
because of the importance of renal innervation. In the
current study renal function of denervated rats subjected
to 30-min ischemia showed a marked deterioration
more than innervated rats and the tolerable ischemia
time of the innervated kidneys was significantly longer
than denervated kidneys. After nephrectomy, the kidney
undergoes both hemodynamic and structural changes.
The hemodynamic changes involve increased RBF
and decreased renal vascular resistance. The structural
adaptation to unilateral nephrectomy is hypertrophy of
the remaining kidney.*' Nitric oxide plays an important
role in eliminating the hemodynamic changes caused by
nephrectomy.” Activation of NO may function as an
inhibitory neurotransmitter, regulating the activation
of renal mechanosensory nerve fibers.”> Reduction
of renal mass by unilateral nephrectomy results in an
immediate increase in RBF to the remnant kidney,
followed by compensatory renal hypertrophy. Whether
the increase in RBF after unilateral nephrectomy is
mediated by NO.?*?* Suprarenal aortic clamping
and reperfusion increase medullary and cortical NO
synthesis.” Tissue NO levels increase dramatically
during ischemia an effect that has been shown to be
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partially independent of NO synthases.*>* Saito and
Miyagawa®® measured blood flow and NO release in
the rat kidney by real-time monitoring. They reported
that immediately following the clipping of the renal
artery, NO release rapidly and increased after removing
the clip; NO release immediately and returned to
three-quarters of the basal level. We assessed the renal
functions at one and 24 hours and NO at one hour in
order to measure the NO levels early period of this fall.
In the present study, serum NO levels were measured
one hour after the reperfusion. In contrast to the sham
operated rats in the renal denervated rats, subjected to
30 and 60-min ischemia, NO levels were significantly
higher. In innervated group, there were no significant
differences with sham operated rats within 60 minutes
(Figure 1f). However, in denervated group serum NO
levels significantly increased. In this group, it has
been suggested that NO syntheses continue during
reperfusion. Our results show that at physiological
conditions denervation does not affect renal functions,
but it is worsening the injurious effect of IR injury. The
question raised is whether such functionally specific
fiber groups existed in the renal sympathetic innervation
that could provide selective and specific innervation and
control of the 3 renal neuro effectors: the vasculature,
the tubules, and the juxtaglomerular granular cells.”
Future studies need to be designed to address these
still unsolved issues. In addition, some groups have
suggested that the use of serum creatinine as a single
marker of renal function is suboptimal in a research or
clinical setting.*®?' Thus, there is a paucity of clinical
or experimental series that have adequately examined
renal function following prolonged ischemic insults."
Consequently, it is expected that new analysis methods
and parameters should be developed for examining
renal functions.
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