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Abstract
Gentamicin is still widely used in clinical practice in spite of its renal toxicity. The role of nitric oxide (NO) in that
process is not completely elucidated. The aim of this study was to investigate the relationship between plasma level of NO and the histopathological changes of kidney in acute tubular necrosis (ATN) induced by gentamicin in rats.
Study was carried out in Albino-Wistar rats, both sexes (n=), average body weight - g. divided in two equal
groups: control and gentamicin group. The control group was injected with ,  NaCl i.p. and gentamicin group was
injected with gentamicin in the dose of  mg/kg/day i.p. in a period of  consecutive days. NO plasma level was
determined by the production of nitrates and nitrites using classical colorimetrical Griess reaction. Kidney specimens
were stained with hematoxylin-eosin (H-E) and Periodic acid-Schiﬀ (PAS) stain. Semiquantitative histological analysis was used for the evaluation of the level of kidney damage. Both, the plasma NO level and the level of kidney damage were statistically higher in rats with gentamicin-induced ATN in comparison to the control group. In spite of that
the correlation between plasma NO level and the level of kidney damage was not found. The rise of plasma level NO
in gentamicin induced ATN in rats could possibly indicate on the role of NO in renal damage caused by gentamicin.
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Introduction

Materials and Methods

Aminoglycosides, including gentamicin, are still
widely used in the treatment of gram negative infections. However, marked nephrotoxicity limits the use
of these drugs. The gentamicin renal toxicity is apparently related to its accumulation in the proximal
convolute tubules. Cell death may be due to lysosomal
dysfunction, interference with mitochondrial respiration or damage to cell membrane ionic pumps. It
is not known, however, whether the gentamicin induced some cytotoxic products and/or factors resulting from exposure to gentamicin modulate ATN ().
Nitric oxide (NO) could be involved in this process.
NO diﬀuse rapidly across membranes and transmit a
signal over many cells (). NO is involved in the regulation of many physiological processes, as well as in the
pathophysiology of a number of diseases (). NO is synthesized enzymatically from L-arginine in numerous
tissues and cells by three structurally distinct isoforms
of the enzyme, nitric oxide synthase (NOS). The special role has inducible (iNOS) isoform. When it is induced by endotoxine and/or cytokines it generates high,
sustained levels of NO. These elevated levels of NO
can cause cellular cytotoxicity and tissue damage ().
In the last few years, a series of in vivo and in vitro studies have begun to reveal a close relationship between
NO and proximal renal tubules and a signiﬁcant role
of NO in proximal tubule physiology and pathophysiology. It is still controversial whether the proximal tubules produce NO under basal conditions. However,
numerous evidences suggest that the proximal tubules
be constantly exposed to NO, which might include
NO from non-proximale tubule sources. When challenged with variety of stimuli, including toxic agents
and hypoxia, the structures of the proximal tubule
are able to produce large quantities of NO (). A wide
range of insults including ischemia, sepsis and nephrotoxic agents (gentamicin) can lead to the renal failure. Results of numerous studies have shown that NO
plays important role, in development of acute renal
failure (ARF) as well as chronic renal failure (CRF) ().
Pharmacological studies of NO’s role in renal failure have
produced confusing and contradictory results (, , ,).
Because of that the aim of this study was to compare the plasma level of NO and the histopathological changes of kidney tissue in Wistar rats
with gentamicin-induced acute tubular necrosis.

ANIMALS
Study was carried out in Albino-Wistar rats, both sexes
(n=), average body weight - g. Experiments
were performed with the permission of the local Ethic
Committee. All animals were allowed one week of adaptation period before beginning of the experiment.
Standard rat chow and tap water were given ad libitum. Animals were divided in two equal groups: control
and gentamicin group and housed in standard cages.
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EXPERIMENTAL PROTOCOL
The control group (n=) was injected intraperitoneally (i.p.) with ,  NaCl for a period of  consecutive
days. The gentamicin group was injected intraperitoneally with gentamicin in the dose of  mg/kg/day in a
same period. The injections were carried out between
. and . a.m. to minimize the circadian variation seen in gentamicin-induced nephrotoxicity ().
SURGICAL PROCEDURE
The animals were sacriﬁced  hours after the last injection of gentamicin. The animals were anesthetized
with ether and the front wall of the abdominal cavity was removed. Blood for the plasma NO level measurement was collected from the bifurcation of the
aorta. The kidneys were removed immediately after
that, vertically divided into two sections and fixed
in  formalin and then embedded in paraffin wax.
NO
The plasma level of NO was determined by the production of nitrates and nitrites using classical colorimetrical Griess reaction (). Absorbency was measured
at  nm. The results were expressed as μmol/dm.
HISTOPATHOLOGY
Sections of kidney were cut and stained with hematoxylin-eosin (H-E) and Periodic acid-Schiff (PAS).
The light microscopic of the kidney sections was done
according to Houghton et al. (). The changes were
limited to the tubulointerstitial areas and were graded
as follows: =normal; = areas of focal granulovacuolar
epithelial cell degeneration and granular debris in the
tubular lumina with or without evidence of desquamation in small foci (<  of total tubule population
involved by desquamation); = tubular epithelial necrosis and desquamation easily seen but involving less
than half of cortical tubules; = more than half of the
proximal tubules showing necrosis and desquama-
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tion, but intact tubules are easily identiﬁed and =complete or almost complete proximal tubular necrosis.
STATISTICAL ANALYSIS
Values are presented as mean ± SEM. Differences
between the groups were tested by Student’s t-test.
Differences were considered significant for p<,.

Results
NO
The plasma level of NO in rats with gentamicin-induced ATN and in control group are showed in Figure .
Gentamicin group had significantly higher plasma
NO level compared with the control group (p < ,).
HISTOPATHOLOGY
The specimens of kidney taken from the gentamicin
administrated rats showed extensive tubular damage
(Figure , A and B). The necrotic areas were observed
particularly in the superficial cortex. Desquamated
proximal tubular epithelial cells were widely observed
in these necrotic areas. Brush-border membranes of
almost all cells were disrupted. In the intact proximal
tubular epithelial cells the presence of vacuolas were observed. Kidney specimens from control animals showed
the normal structure of healthy tubules with abundant
luminal brush-border membranes (Figure , A and B).
SEMIQUANTITATIVE HISTOLOGY
Kidney tissue sections were scored in a blinded semiquantitative manner based on histological changes ( ) (Figure ). In the gentamicin group, three were grade , four
were grade  and one was grade . In the control group all
specimens of kidney tissue were not changed (grade ).



Discussion
The numerous studies (,,,) describe experimental toxic ATN caused by uranyl-nitrate, mercury
chloride, radiocontrast or nephrotoxic agents such as
aminoglicosides. These studies were conducted with the
purpose for clariﬁcation of underlying pathophysiological mechanisms and for identiﬁcation of new therapeutic
strategies. Acute renal tubular damage induced by toxic
agents leads to diﬀerent morphological changes in certain structures of kidney. Proximal tubules are the part of
the nephron in which gentamicin induced the primary
damage of various degrees. The histopathological changes could be less marked in intensity and limited only to
smaller areas with focal granulovacuolar degeneration
and granular debris within tubule’s lumen or can also be
manifested by completely necrotic proximal tubule ().
Most of the studies so far, have shown that, in the
pathogenesis of toxic renal injury, NO could has certain
role. It is not still, completely certain how, and to what
extent, this gas contributes to the development of tubular damage (). Our results showed that the plasma
level of NO risen signiﬁcantly in rats with ATN caused
by gentamicin. The gentamicin dose in our study was
mg/kg/day for  consecutive days and it was sufficient for induced ATN although previous reports suggested higher doses of gentamicin (,,). The presence of ATN was conﬁrmed by histological ﬁndings of
kidney in gentamicin group of animals. Morphological
changes in kidney specimens in our study were similar to the ones observed by Erdem et al. (,) who
investigated protective eﬀects of diﬀerent substances
in gentamicin-induced acute tubular necrosis in rats.
Results of our histopathological analysis have shown
marked necrosis of cortical tubules in the gentamicin
group. Proximal tubular cells were transferred into an
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amorphous mass. In certain distal tubules smaller quantity of amorphous content was observed, while in others that amorphous content ﬁlled out whole lumen of
the tubules. Epithelium of distal tubules was aﬀected by
early dystrophic – necrobiotic changes (swelled cells,
and around the nuclei was observed light ring). Certain proximal tubules in cortico-medullary zone had
normal epithelium and cellular nuclei, while in adjunct
tubules multiple PAS positive granules were observed
within the cytoplasm. Some of the proximal tubules,
located closer to corticomedullar zone, had partially
damaged brush border. Kidney specimens from control animals showed the normal structure of healthy tubules with abundant luminal brush-border membranes.
The observed rise of NO plasma level is in accordance
with results of Yanagisawe and co-workers (), who
reported increased NO plasma level in rats with mercury-chloride induced ATN. Similar results were
obtained by Chatterjee co-workers (), who also observed signiﬁcant increase of plasma NO level in renal
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ischemia /reperfusion induced ATN. These findings
could indicate that increased production of nitric oxide
by diﬀerent kidney cells and structures might also play
a role in the progression of gentamicin-induced acute
tubular necrosis through the exacerbation of proximal and partially distal tubule epithelial cell damage.
Orida and Lai () have stated that iNOS is expressed
constitutively along the renal tubule, with the greatest expression around the medullary thick ascending
loop of Henle and also within cells of proximal tubules.
Our hypothesis is that gentamicin as an toxic agent
in our study model have triggered the iNOS expression, so that increased plasma concentration of NO
and consequent renal cells damage and necrosis might
be mainly due to induced expression of iNOS and
excessive production of NO under that conditions.
We believe that the use of inhibitors of iNOS in
our further studies will offer explanation for possible role of NO in renal damage caused by gentamicin.
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