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EXPERIMENTAL STUDY

Protective effect of nebivolol on gentamicin-induced 
nephrotoxicity in rats
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ABSTRACT
OBJECTIVE: Nephrotoxicity is a major complication of gentamicin (GEN), which is widely used in the treatment 
of severe Gram-negative infections. As we know, treatment with nebivolol has been shown to decrease renal 
fi brosis and glomerular injury as well as improve endothelial dysfunction. Therefore, we evaluated the potential 
protective effect of nebivolol (NBV) against GEN-induced nephrotoxicity in rats.
MATERIAL AND METHOD: Twenty-four rats were randomly divided into four groups: control group (Group 1); 
rats intraperitoneally injected with GEN (100 mg/kg/day; Group 2); rats treated with GEN plus distilled water 
(Group 3); and rats treated with GEN plus NBV (10 mg/kg/day; Group 4). After 15 days, the rats were sacri-
fi ced, their kidneys taken, and blood analysis performed. Tubular necrosis and interstitial fi brosis scores were 
determined histopathologically in a part of kidneys; nitric oxide (NO), malondialdehyde (MDA), and reduced 
glutathione (GSH) levels were determined in other part of kidneys.
RESULTS: The GSH levels in renal tissue of only GEN-treated rats were signifi cantly lower than those in con-
trol group, and administration of NBV to GEN-treated rats signifi cantly increased the level of GSH. The group 
that was given GEN and NBV had signifi cantly lower MDA and NO levels in kidney cortex tissue than that given 
GEN alone. Despite the presence of mild tubular degeneration, the rats treated with GEN+NBV showed a less 
severe tubular necrosis, and their glomeruli maintained a better morphology compared to GEN group.
CONCLUSION: NBV exerts antioxidant, anti-infl ammatory and antifi brotic effects on GEN-induced kidney dam-
age by reducing oxidative stress in rat model (Tab. 3, Fig. 2, Ref. 68). Text in PDF www.elis.sk.
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Introduction

The kidney is a vital organ in health and disease. The main 
function of the kidneys is to maintain total body fl uid volume, its 
composition, and acid–base balance. Many environmental con-
taminants and chemical variables, including drugs, alter the func-
tions of the kidneys (1, 2). Among the classes of aminoglycoside 
antibiotics, gentamicin (GEN) is effi cacious and commonly used 
in clinical practice for the treatment of life-threatening Gram-neg-
ative bacterial infections (3, 4). However, the usefulness of GEN 
is limited in clinical practice by the development of nephrotoxic-
ity. GEN causes drug-induced nephrotoxicity by a direct dose-
dependent mechanism in 30 % of patients treated for more than 7 
days (5, 6). In some cases, this side effect is so severe that the use 
of the drug must be discontinued. Despite introduction of newer 

and less toxic antibiotics, GEN is still used clinically because of 
its rapid bactericidal action, broad-spectrum activity, clinical effec-
tiveness, synergism with beta-lactam antibiotics and low cost (7). 
Most aminoglycosides are excreted in urine after drug administra-
tion; approximately 5–10 % of the dose accumulates in the renal 
cortex and remains there long after discontinuation of the drug 
(8, 9). GEN is essentially eliminated by glomerular fi ltration and 
partially reabsorbed by proximal tubular cells (10). The specifi city 
of GEN for renal toxicity is apparently related to its preferential 
accumulation in the renal proximal convoluted tubules, reaching 
a concentration of 5–50 times higher than that in plasma in the tu-
bular renal cell (11).

Nephrotoxicity induced by GEN is a complex phenomenon 
characterized by an increase in plasma creatinine and urea levels 
and severe proximal renal tubular necrosis followed by deteriora-
tion and renal failure (6, 12). Lysosomes are the fi rst and obvious 
sites of sequestration and accumulation of GEN in proximal tu-
bules. This accumulation induces the process of lysosomal phos-
pholipidosis, which is a key pathological mechanism contributing 
to renal toxicity resulting in tubular necrosis (13, 14). Gentami-
cin-induced tubular necrosis stimulates infl ammatory events by 
recruiting intercellular adhesion molecule (ICAM)-1 and mono-
cyte chemoattractant protein (MCP-1) at the site of injury, which 
enhances the migration of monocytes and macrophages to the site 
of tissue damage, thus ultimately leading to renal pathogenesis 
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(15,16). The infl ammatory and fi brogenic responses to gentami-
cin were associated with the increases in transforming growth 
factor (TGF-B), nuclear factor kappa B (NF-KB), endothelin, 
and angiotensin II levels, thus implying their involvement in the 
progression of tubulointerstitial nephritis (17). Reactive oxygen 
species (ROS) are considered to be important mediators of GEN 
nephrotoxicity (18–20). In vitro and in vivo studies have shown 
that GEN enhances the generation of ROS metabolites, which 
may cause cellular injury and necrosis via several mechanisms, 
including peroxidation of membrane lipids, protein oxidation, 
and DNA damage (21). This elevation of ROS would stimulate 
the activation or expression of proinfl ammatory and proapoptotic 
mediators, including nuclear factor kappa B (NF-KB), leukocyte 
adhesion molecules and TGF-B contributing to kidney damage 
induced by gentamicin (22–24).

The role of nitric oxide (NO) in the pathophysiology of 
GEN-induced rat nephrotoxicity has been already studied (25). 
NO is a highly diffusible free radical gas produced by NO syn-
thase (NOS) of which three isoforms have been identifi ed: neu-
ral NOS (nNOS), endothelial NOS (eNOS), and inducible NOS 
(iNOS) (26). Since inducible NOS (iNOS) is responsible for the 
production of sustained high levels of NO, it is often considered 
the major cause of autotoxicity under oxidative stress. Under si-
multaneous generation of NO and ROS, the cellular antioxidant 
capabilities are also suppressed (27–29). It has been reported that 
activation of inducible NOS (iNOS) aggravates renal injury in 
GEN-associated rat nephrotoxicity (25).

Nebivolol (NBV) is a third generation selective β-1 adrener-
gic receptor blocker with additional vasodilating properties that 
is currently used in the therapy of hypertension and coronary 
heart disease (30, 31). These vasodilating properties can be at-
tributed to an endothelial release of NO, possibly due to a β3-
adrenoceptor mediated stimulation of eNOS (32, 33). Nebivolol 
has also been shown to possess a direct scavenging activity on 
oxygen radicals with consequent potent antioxidant properties in 
animal and human studies (34–36). Limited studies have shown 
that systemic treatment with this beta-blocker increases renal tis-
sue levels of bioavailable NO and reduces renal fi brosis (37–39).

Therefore, the aim of the present study was to fi nd out whether 
NBV could prevent GEN-induced nephrotoxicity in rats.

Materials and metdods

Animals
Adult male Wistar albino rats (200–250 g) were housed in clean 

plastic cages at room temperature and in a humidity-controlled fa-
cility with a constant 12-h light/dark cycle with free access to food 
and water. The use of animals and experimental protocol were ap-
proved by the Institutional Animal Care and Use Committee, and 
animals were treated in accordance with the Guide for the Care 
and Use of Laboratory Animals of Research Council.

Drugs
GEN was purchased from Bilim Pharmaceuticals (Istanbul, 

Turkey), and NBV was purchased from Ulugaylar Pharmaceuti-

cals (Istanbul, Turkey). GEN was dissolved in saline and injected 
intraperitoneally. NBV diluted with saline to a fi nal concentration 
of 10 mg/kg was administered by nasogastric gavage.

Treatment and experimental design
After a quarantine period of seven days, twenty-four rats were 

randomly divided into four groups, each consisting of six animals 
as follows: control rats (Group 1); rats intraperitoneally injected 
with GEN for 14 consecutive days (100 mg/ kg/day; Group 2); 
rats treated with GEN plus distilled water (vehicle) via nasogastric 
gavage for 14 days (Group 3); rats treated with GEN plus NBV 
(10 mg/kg/day) for 14 days (Group 4). NBV was administered 
immediately after the injection of GEN. Rats were treated for 
14 days. After 15 days, rats were killed, their kidneys taken, and 
blood analysis performed. We stored both parts of the kidneys in 
formaldehyde during analysis. Tubular necrosis and interstitial 
fi brosis scores were determined histopathologically in a part of 
kidneys; nitric oxide (NO), malondialdehyde (MDA), and gluta-
thione (GSH) levels were determined in other part of the kidneys. 
Urea–creatinine, Na+, and K+ levels were investigated as part of 
blood analysis.

Biochemical analysis
On day 15, i.e. twenty-four hours after the administration of 

last doses of GEN and NBV, the rats were anesthetized by intra-
peritoneal injection of ketamine and sacrifi ced. Twenty-four-hour 
urine collections had been obtained in standard metabolic cages 
one day before the rats were killed. Renal cortical tissues were 
separated into two parts for biochemical analysis and light mi-
croscopic examination. Blood samples were also taken by car-
diac puncture to assess the serum levels of urea, creatinine, Na, 
and K concentrations. The tissue liquid was frozen with nitrogen 
and kept at ‒80 °C. In frozen tissues, MDA, end product of lipid 
peroxidation, GSH, nonenzymatic antioxidant, total nitrite, and 
stable product of NO were evaluated biochemically as the means 
of oxidative stress.

Renal impairment was assessed by serum urea and creatinine 
levels, as well as by kidney histology. Serum urea and creatinine 
levels were determined with an autoanalyzer (Syncron LX20, 
Ireland) by using commercial Becman Coulter diagnostic kits. 
Kidney tissue (300 mg) was homogenized in ice-cold tamponade 
containing 150 mM KCl for determination of MDA. MDA levels 
were assayed for products of lipid peroxidation. MDA, referred 
to as thiobarbituric acid reactive substance, was measured with 
thiobarbituric acid at 532 nm in a spectrofl uorometer, as described 
previously (40). Reduced GSH was estimated by the method of 
Moron et al (41). The color developed was read at 412 nm. Protein 
concentrations in all samples were measured using the method of 
Lowry et al (42).

Total nitrite (NOx) was quantifi ed by the Griess reaction (43) 
after incubating the supernatant with Escherichia coli nitrate re-
ductase to convert NO3 to NO2. Griess reagent (1 mL 1 % sulfanil-
amide, 0.1 % naphthylethylenediamine hydrochloride, and 2.5 % 
phosphoric acid; Sigma Chemical Co., St. Louis, MO, USA) was 
then added to 1 mL of supernatant. The absorbance was read at 
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545 nm after a 30-min incubation. The absorbance was compared 
with the standard graph of NaNO2, obtained from the reduction of 
NaNO3 (1–100 lmol/L). The accuracy of the assay was checked 
in two ways, namely as inter- and intraassay coeffi cients of varia-
tion, which were 7.52 % and 4.61 %, respectively. To check the 
conversion of nitrate to nitrite (recovery rate), the known amounts 
of nitrate were added to control plasma samples which were then 
deproteinized and reduced.

Histopathological evaluation
Histopathological evaluation of kidney tissues was performed. 

Paraffi n-embedded specimens were cut into 6-mm-thick sections 
and stained with hematoxylin & eosin and Masson’s trichrome 
for examination under the light microscopic examination using 
a conventional protocol (BH-2; Olympus, Tokyo, Japan) (44). A 
semi-quantitative evaluation of renal tissues was accomplished by 
scoring the degree of severity according to previously published 
criteria. Tubular necrosis was evaluated in all kidney sections. 
(45). Briefl y, a minimum of 50 proximal tubules associated with 
50 glomeruli were examined for each slide and an average score 
was obtained. The severity of lesion was graded from 0 to 3 ac-
cording to the percentage of tubular involvement. Slides were 
examined and assigned for severity of changes using scores on 
scale, in which (0) denotes no change, grade (1) change affecting 
< 25 % tubular damage (mild), grade (2) change affecting 25–50 
% of tubules (moderate), and grade (3) change affecting > 50 % 
of tubules (severe; 46). To evaluate leukocyte infi ltration, the 
widening of interstitial spaces with focal leukocyte infi ltration 
was assessed in fi ve randomly chosen sections prepared from 
each kidney sample. For each section, the average number of 
leukocytes per 0.28 mm was calculated from these leukocyte-
infi ltrated foci using a high-power microscopic fi eld. To estimate 
the grade of interstitial fi brosis, the interstitial area stained green 
with Masson’s trichrome was evaluated as a percentage of the 
total examined area in fi ve randomly chosen sections prepared 
from each kidney sample using an image analyzer (Leica; Leica 

Micros Imaging Solutions, Cambridge, UK). For each section, 
interstitial space widening with focal leukocyte infi ltration and 
interstitial fi brosis was assessed in high-power fi elds to quantify 
the results (47). 

Statistical snalysis
Results of all groups were shown as mean values ± standard 

deviation (SD). Statistical analyses of the histopathologic evalu-
ation of the groups were carried out by the chi-square test and 
biochemical data were analyzed by one-way analysis of variance 
(ANOVA). The signifi cance between the two groups was deter-
mined by the Dunnett’s multiple comparison test, while p < 0.05 
was accepted as a statistically signifi cant value.

Results

No deaths or remarkable signs of external toxicity were ob-
served in the groups of rats given GEN either alone or in combi-
nation with NBV. 

Urine volume
The 24-h urine volume in the GEN-treated group was signifi -

cantly higher than in the control group (p < 0.01), indicating the 
presence of GEN-induced polyuria, whereas in the group treated 
with GEN+NBV, it was not different from that of the control 
group, pointing out the protective role of NBV against acute tu-
bular necrosis (Tab. 1). 

Biochemical variables in plasma and tissue 
Na+ and K+ concentrations were similar among the four groups. 

Serum urea and creatinine levels were signifi cantly higher in rats 
treated with GEN alone than in control and GEN + NBV groups 
(p < 0.01). Administration of NBV to GEN-treated rats caused a 
decrease in serum urea and creatinine levels (Tab. 1). 

The GSH levels in renal tissue of only GEN-treated rats were 
signifi cantly lower than those in control group (p < 0.05), and ad-

Parameters                    Control         
(Group 1)    

GEN            
(Group 2)        

GEN+Ve         
(Group 3)        

GEN + NBV 
(Group 4) 

Urea (mg/dl)                   33±7.8       107±13.9a     105±13.4       40.1±8.4b
Creatinine (mg/dl)          0.42±0.1    2.08±0.4a      1.97±0.4        0.68±0.2b
Na (mmol/L) 138.9±1.3  139.9±2.5      139.3±2.2      139.2±2.1 
K (mmol/L)                    3.88±0.2    4.1±0.5          4.04±0.4        3.9±0.3
24-h urine volume (mL) 8.9±1.2      21.2±4.1a       20.1±3.2        9.2±1.4b
Values are expressed as mean ± SD for six rats in each group. Groups: Control, GEN (gentamicin), GEN + Ve (gentamicin + vehicle), GEN + NBV (gentamicin + nebivolol). 
a Signifi cantly different from control. b Signifi cantly different from gentamicin group (p < 0.001)

Tab. 1. Effects of GEN alone and those of its combination with MK on plasma urea, creatinine, Na, K, and 24-h urine volume levels in rats.

Parameters               Control         
(Group 1)    

GEN            
(Group 2)        

GEN+Ve         
(Group 3)        

GEN + NBV 
(Group 4)

NO (nmol/g wet tissue)     29.8±8.5   47.6±7.2a      44.9±5.7        30.3±7.9b

MDA (nmol/g wet tissue)  2.6±0.7     4.2±1.1a        3.9±1.1          2.7±0.9b 
GSH (umol/g wet tissue)   2.4±0.9     1.4±0.5a        1.3±0.6          2.7±0.5b

Values are expressed as mean ± SD for six rats in each group. NO, nitric oxide; MDA, malondialdehyde; GSH, glutathione. a Signifi cantly different from control. b Signifi -
cantly different from gentamicin group (p < 0.05)

Tab. 2. Effects of NBV on rat kidney: NO, MDA, and GSH levels.
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ministration of NBV to GEN-treated rats signifi cantly increased 
the level of GSH (p < 0.05) (Tab. 2). The group given GEN and 
NBV had signifi cantly lower MDA levels in kidney cortex tissue 
than those given GEN alone. There was high level of NO in GEN-
treated group; however, NO levels in group treated with GEN + 
NBV were signifi cantly lower than those in GEN-treated group 
(Tab. 2). There was no signifi cant difference in biochemical vari-
ables between NBV and control groups (Tabs 1 and 2).

Histopathologic examination results
Histopathologic examination of kidney showed that there were 

no pathologic features in the control group (Fig. 1A). Compared to 
control group, rats treated with GEN and GEN + vehicle yielded 
mild and severe tubular necrosis, tubular degeneration, and epi-
thelial vacuolization in the proximal tubules (Figs 1B and 1C). 
Despite the presence of mild tubular degeneration and epithelial 
vacuolization in their proximal tubules, the tubular necrosis in 

Fig. 1. (A) Normal tubulus and glomerules in kidney cortex H&E 100 x (control group). (B) Severe tubular necrosis, tubular degeneration, 
and epithelial vacuolization in the proximal tubules H&E 100 x (GEN-reated group). (C) Moderate tubular necrosis, tubular degeneration, 
and epithelial vacuolization in the proximal tubules H&E 100 x (GEN + vehicle treated group). (D) Mild epithelial granulovacuolization in the 
proximal tubules and normal glomerules H&E 100 x (GEN + NBV treated group).

A B

C D

          Tubular necrosis Interstitial fi brosis Leukocyte infi ltration
n      0     1     2     3 0     1     2     3 0     1     2     3 

Control 6      6     0     0     0 6     0     0     0      5     1 0     0
GENa 6      0     3     2     1 3     3     0     0 0     3     3     0
GEN+Ve 6      0     4     2     0 4     2     0     0 0     3     3     0
GEN+NBVb     6      0     6     0     0 6     0     0     0 3     3     0     0
Score 0: no degeneration, 1: mild degeneration, 2: moderate degeneration, 3: severe degeneration
a Statistically signifi cantly different from control (including tubular necrosis and leukocyte infi ltration)
b Statistically signifi cantly different from GEN and P < 0.05 (including tubular necrosis and leukocyte infi ltration)

Tab. 3. Semiquantitative analysis of tubular necrosis, interstitial fi brosis, leukocyte infi ltration in control, GEN, GEN + Ve and GEN+ NBV groups.
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rats treated with GEN + NBV was less severe, and their glom-
eruli maintained a better morphology compared with GEN group 
(Fig. 1D). These changes are summarized in Table 3. After stain-
ing with Masson trichrome, no statistical difference was found 
between groups in kidney fi brosis scores (Tab. 3, Figs 2A–2D). 
There was no signifi cant difference in histopathologic results of 
kidney between NBV and control group (Tab. 3).

 
Discussion

Kidneys are easily susceptible to damage from drugs because 
of larger perfusion and increased concentration of excreted com-
pounds occurring in renal tubular cells during absorption and 
secretion. Aminoglycoside antibiotics are well known to cause 
serious nephrotoxicity that limits its clinical use. GEN is a widely 
used aminoglycoside antibiotic to treat serious and life-threatening 
Gram-negative bacterial infections and has been shown to cause 
marked histological damage, in particular to renal proximal con-
voluted tubules. The damage results in swelling, vacuolization and 
necrosis of epithelial cells (48, 49). This could be due to the fact 

that proximal convoluted tubules are the primary sites of reabsorp-
tion and active transport, which leads to a higher concentration 
of gentamicin in the epithelial lining of these tubules. This might 
also suggest that gentamicin toxicity is related to its accumulation 
in the proximal tubules (8).

Gentamicin is known to generate reactive oxygen species as-
sociated with an increase in lipid peroxidation and decrease in 
antioxidant enzyme activity in the kidney (18). Results of many 
studies have shown that altered concentrations of various bio-
chemical indicators of oxidative stress in kidney tissue are due 
to GEN (50). Because of the obvious responsibility of ROS in 
GEN-induced renal damage, several antioxidant agents have been 
used effectively to ameliorate GEN-induced nephrotoxicity (3, 6). 
Several investigators reported that treatment with GEN produces 
nephrotoxicity, evident by the reduction in renal functions which 
is characterized by an increase in BUN and serum creatinine lev-
els (51). GEN nephrotoxicity is clinically important to the extent 
that nephrotoxicity is typically associated with nonoliguric or even 
polyuric acute renal failure, that is with azotemia in the presence 
of urine output in amount of 1–2 L/day (8). In present study, the 

A B

C D

Fig. 2. (A) No fi brosis in control group, staining with Masson’s trichrome 100 X (B) Mild fi brosis in interstitium, staining with Masson’s tri-
chrome 400 X (GEN-treated group). (C) Mild fi brosis in interstitium, staining with Masson’s trichrome 200 X (GEN + vehicle treated group). 
(D) No fi brosis in GEN + NBV treated group, staining with Masson’s trichrome 100X.
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24-h urine volume in the GEN group was signifi cantly higher than 
in the control group, thus indicating the presence of GEN-induced 
polyuria, whereas in GEN+NBV group, it was not different from 
that of the control group, thus suggesting the protective effect of 
NBV against acute tubular necrosis. Also, increased serum urea 
and creatinine levels in GEN-treated rats refl ect the renal injury. 
In contrast to the previous studies, serum K+ levels were similar 
between GEN-induced nephrotoxicity and control groups. The 
fi nal studies show that K+ levels were not increased in rats with 
GEN-induced nephrotoxicity (52, 53). Administration of NBV 
protects the kidney function from GEN as indicated by prevent-
ing an increase in serum urea and creatinine levels. NBV repairs 
the renal function by preserving the structural integrity of renal 
cells against GEN challenge.

NO plays a crucial role in kidney angiogenesis by ameliorating 
ischemia and hypoxia in the renal interstitial area and slowing the 
progression of interstitial fi brosis (54). Excessive production of 
NO by iNOS has been associated with nitrosative stress or interac-
tions with ROS that form peroxynitrites which are very cytotoxic 
oxidant radical species. Under the simultaneous generation of NO 
and ROS, the cellular antioxidant capabilities are also suppressed 
(55). Peroxynitrite anion formation, protein tyrosine nitration, and 
hydroxyl radical production may be responsible for the evolution 
of renal injury induced by GEN (56). Previous studies have dem-
onstrated that NO and peroxynitrites play an important role in 
acute renal failure caused by GEN (57). Benefi cial effects of se-
lective iNOS blockade in GEN-induced nephrotoxicity have been 
investigated and it was found out that the inhibition of iNOS may 
prevent GEN-induced nephrotoxicity, whereas non-selective inhi-
bition of NOS aggravates it (25). NBV increases NO production 
by activating eNOS, which may have a benefi cial role as a vaso-
dilator by inducing an increase in renal blood fl ow and glomerular 
fi ltration (58, 59). On the other hand, NBV directly interacts with 
free radicals, which reduces oxidative stress while the infl amma-
tory cytokine production is inactivated. Consequently, the iNOS 
activity and production of toxic NO derived from iNOS are sup-
pressed (60). Co-administration of NBV effectively suppressed 
the iNOS expression, which further confi rms its ameliorative role 
against GEN-induced nephrotoxicity. TGF-β and nuclear factor-
kB are fi brogenic, proinfl ammatory and proapoptotic cytokines 
that are involved in GEN-induced renal damage. NF-kB is acti-
vated during increased oxidative stress and expression of iNOS, 
causing interstitial fi brosis (46, 61). TGF-β is believed to play a 
role in the initiation and progression of renal fi brosis. TGF-β was 
predominantly expressed by renal intrinsic cells and infi ltrated 
infl ammatory cells. Some studies have reported that TGF-β con-
tributes to fi brosis mainly through the Smad signaling pathway. 
However, increased NO derived from eNOS suppresses TGF-β/
Smad transactivation in endothelial cells (62, 63). It was shown 
that NBV treatment prevents renal fi brosis by reducing the rise of 
iNOS expression, oxidative stress parameters, and increasing NO 
derived from eNOS against GEN-induced nephrotoxicity. 

A relationship between oxidative stress and nephrotoxicity 
has been well demonstrated in many experimental animal models. 
GEN-induced ROS are essential mediators of its nephrotoxic ef-

fects causing cellular injury via several mechanisms including the 
peroxidation of membrane lipids, and oxidative damage of proteins 
and DNA (64). Therefore, herein we measured MDA, GSH, and 
nitric oxide (NO) as the means of oxidative stress. In the present 
study, MDA levels, i.e. the indicators of lipid peroxidation of the 
membranes as a result of oxidative damage (65), were signifi cantly 
increased after GEN treatment, thus again demonstrating tissue 
damage. In parallel, GSH levels were decreased in renal tissue. 
GSH, the main intracellular non-protein sulfhydryl, plays an im-
portant role in the maintenance of protein and lipid integrity, and 
provides major protection in oxidative injury by participating in 
the cellular defense systems against oxidative damage (66). In the 
group treated with GEN+NBV, we found decreased MDA levels 
and increased GSH levels. On the other hand, the renal NO levels 
in rats treated only with GM were found to be signifi cantly higher 
than in those from the control group while the treatment with NBV 
signifi cantly prevented the elevation of NO levels in our study. 
These fi ndings strongly indicate that NBV is important in protect-
ing the kidney from GEN-induced injury through improving the 
oxidant status. Animal models of aminoglycoside nephrotoxicity 
present residual areas of interstitial fi brosis in the renal cortex and 
progressive tubular injury (67). In this study, the histopathologic 
examination of the  kidneys in GEN-treated rats showed severe 
and extensive damage in form of tubular necrosis and edema. This 
could be due to the formation of highly reactive radicals in conse-
quence of oxidative stress caused by GEN. On the other hand, the 
tubules in rats from the GEN+ NBV group were nearly normal in 
their histological appearance except for a slight desquamation and 
atrophy of the tubular epithelial cells. Similar changes were also 
reported by some studies which demonstrated structural changes 
in renal tissue of gentamicin-treated animals and its reversal by 
various agents (10, 68). The results reported herein indicate that 
NBV exerts antioxidant, anti- infl ammatory and antifi brotic effects 
on GEN-induced kidney damage in rat model by reducing oxida-
tive stress. NBV is a high free-radical scavenger agent and offers 
protection against GEN-induced acute renal failure.
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