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Abstract Aminoglycoside antibiotics have long been
used in antibacterial therapy. Despite their beneficial
effects, aminoglycosides have considerable nephrotoxic
and ototoxic side effects. It has been reported that
reactive oxygen radical species (ROS) play role in the
pathophysiology of aminoglycosides-induced nephro-
toxicity. Aminoguanidine (AG) is an effective antioxi-
dant and free radical scavenger which has long been
known to protect against nephrotoxicity. We investi-
gated the effects of AG on amikacin (AK)-induced
changes of renal malondialdehyde (MDA), glutathione
(GSH), blood urea nitrogen (BUN), serum creatinine
(Cr) and albumin (Alb) which are used to monitor the
development of renal tubular damage. Morphological
changes in the kidney were also examined using light
microscopy. A total of 21 rats were equally divided into
three groups which were: (1) injected with saline, (2)
injected with AK, and (3) injected with AK+AG,
respectively. AK administration to control rats increased
renal MDA and decreased GSH levels. AG adminis-
tration before AK injection caused significant decreases
in MDA and increases in GSH levels in kidneys com-
pared to rats treated with AK alone. The serum BUN

level increased slightly, Cr and serum Alb did not change
as a result of any treatment. AG tended to decrease the
level of serum BUN and did not cause any change in Alb
or Cr levels. Morphological changes, including glomer-
ular, tubular epithelial alterations and interstitial edema,
were clearly observed in AK-treated rats. In addition,
AG reversed the morphological damage to the kidney
induced by AK. The results show that AG has a pro-
tective effect on nephrotoxicity induced by AK and may
therefore improve the therapeutic index of AK.
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Introduction

Aminoglycoside antibiotics, including amikacin (AK),
are commonly used for the treatment of severe gram
negative bacterial infections. Despite their beneficial
effects, aminoglycosides have considerable nephrotoxic
and ototoxic side effects [1]. Since the clinical use of
aminoglycosides may be limited by the development of
nephrotoxicity, it is important to know the risk factors
that often involve a high incidence of renal damage.
The nephrotoxic side effects of aminoglycoside antibi-
otics have been documented in numerous species of
experimental animals [2, 3]. One mechanism of this
toxicity is believed to be the generation reactive oxygen
radical species (ROS); these agents likely account for
the pathophysiology of aminoglycoside-induced neph-
rotoxicity [4, 5]. Aminoguanidine (AG), a compound
structurally similar to L-arginine, inhibits inducible
nitric oxide synthase (iNOS) in a selective and com-
petitive manner, leading to the decreased generation of
nitric oxide (NO) [6]. AG is endowed with many other
activities that together account for its beneficial effects,
such as inhibition of diamine oxidase [7] binding to
sites of nonenzymatic glycosylation and preventing
further advanced glycosylation [8]. It is significant that
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previous studies have pointed to the beneficial anti-
oxidant effects of AG [9] as well of peroxynitrite
(ONOO�) scavenger effects [10]. The protective effects
of AG have been previously addressed in other models
of cell damage induced by drugs [11]. The beneficial
effects of AG in various experimental models of
inflammation have also been reported [12]. Recently,
Al-Shabanah et al. [13] showed that AG protects mice
against hepatotoxicity induced by carbon tetrachloride,
and Mansour et al. [14] reported that AG protects
against nephrotoxicity induced by cisplatin (CDDP) in
rats. The beneficial antioxidant effects of AG and the
scavenger effects of ONOO�, which is a reactive oxi-
dant produced from NO and superoxide (O�), have
been observed in various forms of tissue injury.

Because iNOS production and oxyradical and
ONOO� generation are the main cause of AK-induced
renal injury, this experimental study was designed to
investigate the possible protective effects of AG, a
selective iNOS inhibitor and highly effective antioxidant
and free radical scavenger, on nephrotoxicity induced by
AK in a rat model, and to clarify the association be-
tween renal malondialdehyde (MDA), glutathione
(GSH), blood urea nitrogen (BUN), serum creatinine
(Cr) and albumin (Alb) levels and AK-induced neph-
rotoxicity.

Materials and methods

Experimental conditions

Female Wistar rats weighing 200–250 g were kept in a
temperature (21±2�C) and humidity (60±5%) con-
trolled room in which a 12:12 h light: dark cycle was
maintained. Twenty-one rats were distributed equally
into three groups: (1) injected with saline, (2) injected
intraperitoneally (i.p.) with 1.2 g/kg AK (Amikozit
500 mg flk, Eczacıbası, Turkey) in a single dose, (3)
injected i.p. in single dose of 1.2 g/kg AK plus 200 mg/
kg AG 1 h before the AK for 3 days. At 24 h after the
last injection, a time chosen according to our previous
AK-related study [15], rats were killed and the kidneys
quickly removed, decapsulated and divided equally
into two longitudinal sections. One of these was placed
in formaldehyde solution for routine histopathological
examination by light microscopy. The other half was
placed into liquid nitrogen and stored at –70�C until
assayed for MDA, a lipid peroxidation product, and
GSH levels. Trunk blood was extracted to determine
the serum levels of BUN, Cr and Alb. For these
studies, AG (Sigma-Aldrich Steinheim, Germany) was
dissolved in saline (0.9% NaCl w/v) to obtain a final
concentration of 200 mg/ml. Because of the very vari-
able AG dosage schemes reported in literature, we
administrated AG at the dose of 200 mg/kg/day i.p.,
which is reported to cause marked antioxidative and
iNOS inhibitor effect [16].

All experiments in this study were performed in
accordance with the guidelines for animal research from
the National Institutes of Health and were approved by
the Committee on Animal Research at Inonu Univer-
sity, Malatya.

Biochemical determination

A total of 200 mg of kidney tissue was homogenized in
ice cold 150 mM KCl for the determination of MDA.
The MDA content of the homogenates was determined
spectrophotometrically by measuring the presence of
thiobarbituric acid reactive substances [17]. GSH was
determined by the spectrophotometric method, which
was based on the use of Elman’s reagent. [18]. Results
are expressed as nmol/g tissue. Serum levels of BUN, Cr
and Alb were determined using the Olympus Autoana-
lyser (Olympus Instruments, Tokyo, Japan).

Histological analysis

For light microscopic evaluation, portions of each kid-
ney were fixed in 10% neutral phosphate buffered for-
malin solution. Following dehydration in an ascending
series of ethanol (70, 80, 96, 100%), tissue samples were
cleared in xylene and embedded in paraffin. Tissue sec-
tions of 6 lm were stained with hematoxylin-eosin (H-E)
and examined using a light microscope (Olympus BH-2).
Five coded slides from each group were examined by an
observer blinded to treatment. The kidneys were exam-
ined for tubular alterations (vacuolization, cell desqua-
mation and necrosis), interstitial edema, inflammatory
cell infiltration and glomerular damage.

Statistical analysis

Kidney MDA, GSH, serum BUN, Cr and Alb levels
were analyzed by one-way ANOVA. Post-hoc compar-
isons were done using Tukey’s tests. Differences were
considered significant at P<0.05. Results are expressed
as mean±SEM.

Results

The effect of AG on AK-induced changes in lipid
peroxides and GSH content

A single dose of AK-induced acute renal failure, mani-
fested by a significant increase in kidney lipid peroxides
measured as MDA while GSH content significantly
decreased (Table 1). AG administration before AK
injection caused significant decreases in MDA and
increases in GSH levels in the kidney compared to in rats
treated with AK alone.
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The effect of AG on AK-induced changes in serum
parameters

Serum levels of BUN were slightly, but not significantly,
higher in the AK treated animals; Cr and Alb did not
change significantly as a result of any treatment. Pre-
treatment of the animals with AG tended to reduce the
high level of serum BUN but did not change the levels of
Cr or Alb.

Morphological damage ranged from none (control
group; Fig. 1A) to moderate (AK+AG treated rats;
Fig .1C), and severe (AK treated rats; Fig. 1B).

The control group revealed normal kidney paren-
chyma. The AK administrated group showed extreme
cortical damage. Morphological changes including
tubular epithelial alterations (vacuolization, atrophy
and necrosis) and interstitial edema were clearly
observed in the kidneys of the this group. Additionally
to this changes, some of the glomeruli were damaged
and glomerular capilleries were dilated and hypocellular.
In the AK+AG administrated group, light microscope
investigation revealed moderate degeneration and
tubular necrosis as patchy areas in the renal cortex.
Although interstitial edema was present in this group,
the glomeruli were intact.

Discussion

Drugs with nephrotoxic potential are routinely used in
prenatal and pediatric medicine, and an assessment of
their relative toxicity is important. Aminoglycoside
antibiotics have long been used in the antibacterial
therapy of severe gram negative infections. [19]. Since
the clinical use of aminoglycosides may be limited by the
development of nephrotoxicity, it is important to be
aware of those risk factors associated with a greater
incidence of renal damage. A clear recognition of the
patient—and treatment—related risk factors [20], com-
bined with a once-a-day schedule and effective moni-
toring procedures [21], have definitely improved the
situation over what prevailed in the early 1980s [22]. We
are, however, still short of having advanced the safety of
aminoglycosides to that of the other main wide spectrum
antibiotics. Chemical research aimed at obtaining
intrinsically less toxic compounds has met with only
modest success, and few of the other approaches pro-
posed to reduce the toxicities of the available agents
have reached practical clinical applications. Yet, because
aminoglycosides are very effective antibiotics well suited

Table 1 The effects of amikacin
(AK) administration on rats
with or without
aminoguanidine (AG)
treatment. a P<0.05 vs control
group, b P<0.05 vs
control+AK

Parameters Control Control+AK Control+AK+AG

MDA (nmol/g tissue) 44.67±2.60 147.09±11.99a 73.83±9.36b

GSH (nmol/g tissue) 245.56±13.76 166.66±15.06a 244.25±14.46b

BUN (mg/dl) 19.16±0.94 22.83±3.15 24.16±1.86
Cr (mg/dl) 0.46±0.05 0.53±0.08 0.53±0.05
Alb (g/dl) 3.05±0.11 3.11±0.17 3.08±0.04

Fig. 1 A Control group; tubules (t) and glomeruli (g) appear
normal. H-E ·66. B AK treated group; tubular vacuolization (thin
arrows), epithelial cell atrophy (thick arrows) and necrosis (n) are
seen. Notice that some of the glomeruli are damaged (g). Interstitial
edema is evident (*). H-E ·66. C AK+AG group; glomeruli
appear normal whereas moderate tubular injury (t) is present.
Many of the tubules appear normal. Interstitial edema is still
present (*). H-E ·66
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to the treatment of severe infections [23], it seems
important to maintain and even develop efforts to im-
prove their therapeutic potential. Despite their beneficial
effects, such as high antibacterial efficacy, rapid onset of
action, low rate of true resistance, synergy with L-lactam
antibiotics and low cost [1], aminoglycosides have con-
siderable nephrotoxic side effects. Aminoglycoside tox-
icity may not only be due to others mechanism [24], but
may also result from free radical damage, and antioxi-
dant agents may reduce free radicals. AK is an amino-
glycoside that is active against many strains of gram
negative bacteria, as well as some other bacteria
including some strains of staphylococci and mycobac-
teria. Nephrotoxicity is its chief adverse effect, and the
monitoring of its plasma concentration is recommended.
ROS have been implicated in a wide range of biological
functions, but they can express both beneficial and
highly toxic effects on cellular homeostasis [25]. Several
conditions are known to disturb the balance between the
production of ROS and cellular defences, resulting in
dysfunction and cellular destruction. An imbalance be-
tween pro- and antioxidant factors plays an important
role in many disease processes [26]. It has been also re-
ported that ROS play a role in the pathophysiology of
aminoglycoside induced nephrotoxicity [4, 5]. AG was
prepared more than 100 years ago. During the last
10 years, two important effects have been discovered
which have made this molecule attract a lot of interest.
Firstly, AG inhibits, in vitro and in vivo, the formation
of highly reactive advanced glycosylation end products
(AGEs) [8] associated with the pathogenesis of second-
ary complications in diabetes and with cardiovascular
changes in aging. AG ameliorates various complications
in diabetes and prevents age related arterial stiffening
and cardiac hypertrophy, effects probably dependent on
the inhibition of AGEs formation. Secondly, AG
inhibits NO synthase, particularly the inducible NO
synthase isoform, making it an important pharmaco-
logical tool. The inducible NO synthase isoform is
associated with the production of large quantities of NO
synthase in response to, e.g., cytokines. AG is endowed
with many other activities that together account for its
beneficial effects. It inhibits diamine oxidase [7] which
catalyzes the degradation of biologically active diamines
such as histamine and putrescine. It is significant that
previous studies have pointed to the beneficial antioxi-
dant effects [9] and ONOO� scavenger effects [10] of
AG. Yildiz et al. [27] also found that AG has direct
scavenging activities against hydroxyl radicals. Recently,
Giardino et al. [28] reported that AG acted as an anti-
oxidant in vivo, preventing ROS formation and lipid
peroxidation in cells and tissues, preventing oxidant-in-
duced apoptosis. It has been proposed that antioxidants
maintain the concentration of reduced GSH and may
restore the cellular defense mechanisms and block lipid
peroxidation, thus protecting against the toxicity for
wide variety of nephrotoxic chemicals [29]. Depletion of
renal glutathione (GSH), which is one the primary rea-
sons for the resulting lipid peroxidation and the increase

in MDA, an end product of lipid peroxidation, have
been observed in CDDP treated rats [30]. We also
showed [18] that antioxidants reduced ischemia-reper-
fusion induced MDA production in the kidney. As with
the current findings, these results indicate that the gen-
eration of free radicals and subsequent lipid peroxida-
tion may play a role in AK toxicity.

Because both ROS formation and iNOS generation
are two main causal factors related to AK-induced renal
injury, we used the potent antioxidant and iNOS
inhibitor AG in the current study. We determined the
effects of AG on AK-induced changes in renal MDA,
GSH, BUN, Cr and Alb. Morphological changes in the
kidney were also examined using light microscopy. We
documented renal MDA and GSH levels. AK adminis-
tration induced increased renal MDA and decreased
GSH levels. Administration of AG before AK injection
caused a significant decreases in lipid peroxidation and
increases in GSH levels in the kidney compared to rats
treated with AK alone. These findings may indicate an
improvement in the oxidant status and the possible
antioxidant activity of AG. In addition, they strongly
suggest that AG is important in protecting the kidney
from AK-induced injury. Serum levels of BUN were
slightly, but not significantly, higher in the AK treated
animals, whereas Cr and Alb did not change as a result
of any treatment. These results parallel those of our
previous study [30], which investigated CDDP-induced
renal injury. Pre-treatment of the animals with AG
tended to reduce the high level of serum BUN and did
not change the levels of Cr and Alb. Recent studies
tested the beneficial effects of AG in the prevention of
diabetic complications in several tissues, including the
kidney. The treatment of rats with AG alone (100 mg/kg
per day p.o.) for 10 days did not induce any change in
the measured biochemical parameters [31]. On the other
hand, the results of Mansour et al. [14] indicate that the
administration of AG in drinking water (100 mg/kg
p.o.) for 5 days consecutively before and continued for
another 5 consecutive days after a single dose of CDDP
(7.5 mg/kg i.p.) renders rats less susceptible to kidney
damage induced by treatment with CDDP. This pro-
tection was evidenced in the serum as an elevated level in
BUN, but Alb and Cr tended to be normal. The atten-
uation of the nephrotoxicity was also observed in the
kidney. These results confirm previous data demon-
strating the beneficial antioxidant effect of AG [9]. In
our study, AG afforded substantial protection against
nephrotoxicity induced by AK. Our biochemical results
correlated well with the renal histological examination
which revealed that the AK administrated group showed
extreme cortical damage, tubular epithelial alterations,
interstitial edema and damaged glomerular structure.
The administration of AG reversed the damage induced
by AK.

AG replacement therapy or AG supplementation
may reduce AK-induced renal injury. We propose that
AG acts in the kidney as a potent scavenger of free
radicals to prevent the toxic effects of AK both at the
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biochemical and histological levels. Thus, we believe that
it could be effectively combined with AK. Further
studies are needed to elucidate the mechanisms of pro-
tection and the effect of AG.
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