
Abstract. – Background and Objectives:
The therapeutic and protective effects of mon-
telukast against amikacin-induced acute renal
damage were investigated.

Material and Methods: 35 Wistar albino fe-
male rats were divided into 5 groups as follows:
Group I: Control; Group II: Control+montelukast;
Group III: Amikacin; Group IV: Amikacin+mon-
telukast; Group V: Montelukast+amikacin. At the
end of the experiment, the kidney tissues and
the blood of rats were collected. Malondialde-
hyde (MDA), myeloperoxidase (MPO), and re-
duced glutathione (GSH) levels were determined
from kidney tissues. Blood urea nitrogen (BUN),
creatinine (Cr), TNF-αα, and IL-1ββ levels were as-
sessed in the serum. In addition the kidney tis-
sues were examined histologically.

Results and Discussion: The MDA, MPO, BUN,
and Cr levels of group III significantly increased
when compared to groups I and II. These parame-
ters of group IV decreased when compared to
group III. In addition, GSH levels significantly in-
creased when compared to the first three groups.
MDA, BUN and Cr levels of group V did not reach
significant level in comparison with the control
group. The most significant histological damage
was observed in the group III followed by the
groups IV and V. Immunohistochemically, group III
showed a significantly increased apoptotic staining.
In group IV, it was observed that montelukast treat-
ment reduced the expression of apoptotic cells.

Conclusions: Montelukast treatment after
amikacin injection could reduce the amikacin-in-
duced kidney damage.

Key Words:
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Introduction

Aminoglycosides (AGs) are commonly used for
the treatment of Gram-negative infections1. Despite
their beneficial effects, aminoglycosides have con-
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siderable nephrotoxic side effects which document-
ed in the numerous species of experimental
animals2-4. The rats with treated with AGs have
been shown to increase macrophage infiltration,
which was associated with increases in chemotactic
mediators5. AGs related nephrotoxic effect is clari-
fied by tubular necrosis without gross morphologi-
cal changes in the glomerular structures6,7. Another
mechanism of this toxicity is believed to involve re-
active oxygen radical species (ROS) generation1,2.
Leukotrienes are a family of potent eicosanoid

lipid mediators. They are synthesized from mem-
brane phospholipids in response to cell activation.
CysLTs (cysteinil-leukotrienes) are produced from
arachidonic acid through 5-lipoxygenase (5-LO)
pathway and act on the CysLT1 and CysLT2 recep-
tors8. A selective reversible CysLT1 receptor antag-
onist, montelukast (MK-0476), is used in the treat-
ment of asthma and reported to reduce eosinophilic
inflammation in the airways9-11. Moreover, CysLT1
receptor antagonists or biosynthesis inhibitors have
been reported to ameliorate ethanol-induced gastric
mucosal damage12,13, experimental colitis14, and ex-
ert beneficial effects on wound healing15-17.
Although there are abundant data that have

linked antioxidant/antiinflammatory treatments
against AGs-induced nephrotoxicity, such as mela-
tonin, caffeic acid phenethyl ester (CAPE)1,2, how-
ever, according to our knowledge, there is no study
in the literature regarding the effects of montelukast
on AGs-induced acute renal damage. Therefore, the
therapeutic and protective effects of montelukast
against amikacin-induced acute renal damage were
investigated in this experimental study.

Materials and Methods

Animals
35 Wistar albino female rats were housed in an

air-conditioned room with 12-h light and dark
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cycles, where the temperature (22±2°C) and rela-
tive humidity (65-70%) were kept constant. All
experimental protocols were approved by the In-
onu University School of Medicine Animal Care
and Use Committee, Malatya, Turkey.

Experimental Protocol
The rats were divided into 5 groups as follows:

Group I: Control; Group II: Control+montelukast
(Notta tb® 10 mg, Sanovel, Turkey, 10 mg/kg dai-
ly for 10 days p.o.); Group III: Amikacin
(Amikozit® 500 mg, Eczacıbaşı, Turkey, single
dose 1.2 mg/kg i.p.); Group IV: Amikacin (single
dose 1.2 mg/kg i.p.)+montelukast (10 mg/kg dai-
ly for 10 days p.o., after 3 days injected
amikacin); Group V: Montelukast (10 mg/kg dai-
ly for 10 days p.o.) + amikacin (single dose 1.2
mg/kg i.p, after the last dose of montelukast). At
24h after the last injection, a time chosen accord-
ing to a aminoglycoside-related study (2), rats in
all groups were killed and the kidney tissues and
blood of rats were collected for further analyses.
The kidney tissues were placed into liquid nitro-
gen and stored at –70°C until histological evalua-
tion and assayed for malondialdheyde (MDA),
reduced glutathione (GSH), myeloperoxidase
(MPO), TNF-α, and IL-1β. Trunk blood was ex-
tracted to evaluated serum levels of blood urea
nitrogen (BUN) and creatinine (Cr) using an au-
toanalyser (Olympus Instruments, Tokyo, Japan).

Biochemical Analysis
The kidney tissues were individually homoge-

nized in ice-cold 0.1 M Tris-HCl buffer (pH 7.5)
with a homogenizer (IKA Ultra Turrax T 25 ba-
sic, IKA Labotechnik, Staufen, Germany) at
16000 rpm for 3 min. The homogenates were
used to measure the levels of malondialdehyde
(MDA), reduced glutathione (GSH), and
myeloperoxidase (MPO). All procedures were
performed at 4°C. 
MDA levels were assayed by spectrophoto-

metrically at 535 and 520 nm according to the
method of Uchiyama and Mihara18. The results
are expressed as nanomoles per g wet tissue. 
GSH levels were measured using the method

of Elman19. GSH is reacted with 5.5-dithiobis-2-
nitrobenzoic acid resulting in the formation in a
product which has a maximal absorbance at 410
nm. The results are expressed as nanomoles per g
wet tissue.
Determination of MPO activity was carried

out by spectrophotometrically (T60U Spectrome-
ter, PG Instruments Limited, AlmaPark, Wibtoft,

Leicestershire, UK) using 4-aminoantipyrine/
phenol that is a substrate for MPO-mediated oxi-
dation by H2O2. The absorbance was read at 510
nm and the data were given as U/g protein20.
Plasma levels of TNF-α and IL-1β were mea-

sured according to the manufacturer’s instruc-
tions and guidelines using enzyme-linked im-
munosorbent assay (ELISA) kits specific for the
rat cytokines (Bender Medsystems GmbH, Vien-
na, Austria).
The levels of serum BUN and creatinine (Cr)

were measured in autoanalyzer (Abbott Aeroset,
IL, USA) by using commercial kits (Abbott Lab-
oratories, North Chicago IL, USA).

Histological Analysis
The kidney tissue was fixed in 10% formalin

and was embedded in paraffin. The sections of
tissue were cut at 5 µm, mounted on slides,
stained with hematoxylin-eosin (H-E) and peri-
odic acid-schiff (PAS). For immunohistochemi-
cal analysis, thick sections were taken on to
polylysine-coated slides. After rehydrating the
samples were transferred to citrate buffer (pH
7.6) and heated in a microwave oven for 20 min.
After cooling for 20 min at room temperature,
the sections were washed with phosphate buffer
saline (PBS). The sections were kept in 0.3%
H2O2 for 7 min and afterward washed with PBS.
The sections were incubated with primary rabbit-
polyclonal cysteine aspartate specific proteinase
(caspase-3) (Lab Vision, Fremont, CA, USA) an-
tibody for 30 min. And then rinsed in PBS and
incubated with biotinylated goat anti-polyvalent
for 10 min and streptavidin peroxidase for 10
min at room temperature. The staining procedure
was completed with chromogen+substrate for 15
min and the slides were counter stained with
Mayer’s hematoxylin for one min, rinse in tap
water and dehydrated. Caspase-3 kit was used
according to the manufacturer’s instructions ex-
cept minor revisions. The sections were exam-
ined by a Leica DFC 280 light microscope by a
histopathologist unaware of the status of animals. 

Semiquantitative Evaluation
Score of the kidney damage severity was semi-

quantitatively assessed as follows; tubular epithe-
lial swelling, desquamation, lose of the brush
border, and necrosis. 
The microscopic score of each tissue was cal-

culated as the sum of the scores given to each cri-
teria. The scores were given as absent (0), slight
(1), moderate (2), and severe (3) for each criteria.
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levels. In contrast, the treatment of montelukast
before amikacin application (Group V) did not
significantly change the levels of MDA and MPO
compared to only given amikacin group. In group
IV (amikacin plus montelukast) the GSH levels
significantly increased compared to control and
other groups.
Additionally, it was showed that BUN and Cr

levels in amikacin group significantly (p < 0.05)
increased in the serum according to control and
only montelukast (Group II) groups. Montelukast
treatment after amikacin injection caused a sig-
nificant (p < 0.05) decrease in BUN and Cr levels
and these parameters were nearly as in the con-
trol group. In opposition to, treatment of mon-
telukast before amikacin injection (Group V) did
not reduce BUN and Cr levels (Table I).
There were no any significant alterations

among the groups for the TNF-α levels. Al-
though, the IL-1β levels significantly increased
in only given amikacin group compared to con-
trol group. The administration of montelukast
both after and before amikacin treatment
changed numerically this value but this differ-
ence was not significantly (Table I).

Histological Results
Control group did not show any detectable his-

tological abnormalities (Figures 1 and 2). Group
II was similar to the control group except slight
desquamation of the tubule epithelium (Figures 3
and 4). Treatment with amikacin caused a
marked tubular necrosis along with desquama-
tion in group III (Figure 5). In addition, tubular
hydropic changes as swelling of tubular epithe-
lial cells were prominent in this group. The wide-
spread loss of the brush border was observed in
the affected tubules (Figure 6). The histological

Maximum score is noted as 12. Caspase-3 posi-
tive cells which stained as brown color were also
evaluated semiquantitatively as follows: weak
(+), moderate (++), and strong (+++) according
to intensity of the staining. The stained tubules
with caspase-3 were counted using Leica Q Win
Image Analysis System (Leica Micros Imaging
Solution Ltd, Cambridge, UK) and classified ac-
cording to three intensity categories. For each
specimen, 10 areas were examined under an X 20
objective.

Statistical Analysis
Since the all data did not show normal distrib-

ution, Kruskall Wallis Test was used. Multiple
comparisons were done with Dunn Test. The val-
ues are given as Median (Interquartile Range).
For statistical analysis of the histological exami-
nation, Kruskal Wallis H test was performed.
Multiple comparisons of the groups were tested
by Mann Whitney U test. The level of signifi-
cance was set at p < 0.05. The histological values
are given as  means±SD.

Results

Biochemical Results
The kidney MDA, GSH, and MPO levels for

montelukast and amikacin treated rats are pre-
sented in the Table I. It was determined that
amikacin treatment caused a significant (p < 0.05)
increase in MDA and MPO productions com-
pared to the control and other groups. On the oth-
er hand, it was showed that the treatment of mon-
telukast after amikacin injection (Group IV) sig-
nificantly reduced the elevated MDA and MPO

Parameters Control MONT AMK AMK+MONT MONT+AMK

MDA (nmol/g tissue) 750 (150.5) 693 (98.5) 838 (102.5)a 663 (67)b 700 (182.5)
GSH (nmol/g tissue) 1199 (730.5) 1160 (525.5) 1237 (500.5) 2263 (365)c 1801 (247)
MPO (U/g protein) 95 (56) 143 (73.5) 387 (189)a 125 (84)b 308 (74)
TNF-α (pg/ml) 27.49 (7) 26.55 (7.2) 25.61 (16.14) 25.43 (6.35) 30.1 (9.72)
IL-1β (pg/ml) 39.33 (20.32) 48.92 (13.71) 111.98 (81.88) 57.93 (57.31) 78.58 (179.82)
BUN (mg/dL) 27 (6) 26 (2.5) 50 (99) a 26 (2.5)b 60 (46)
Cr (mg/dL) 0.5 (0.1) 0.5 (0.1) 0.6 (0.2) a 0.5 (0)b 0.6 (0.2)

Table I. The levels of biochemical parameters of all groups.

Control: Group I. MONT: Only montelukast application (Group II); AMK: Amikacin (Group III); AMK+MONT: Amikacin
plus montelukast (Group IV); MONT+AMK: Montelukast application before amikacin injection (Group V). ap < 0.05, when
compared to the group I and II. bp < 0.05, when compared to the group III. cp<0.05, when compared to the group I, II and III.



506

E. Kose, A. Beytur, Z. Dogan, Z. Ekincioglu, N. Vardi, K. Cinar, Y. Turkoz, H. Soysal, N. Ekinci

Figure 2. Control group; appearance of brush border (ar-
rows). PAS X132.

Figure 3. MONT group; the tubules appear normal except
slight alterations. H-E X66.

Figure 4. MONT group; appearance of the brush border at
the luminal surface. PAS X132.

Figure 5. AMK group; the tubules show diffuse and
marked necrosis (*). H-E X66

Figure 6. AMK group; notice lost of the brush border and
swelling cells (arrow). PAS X132.

Figure 1. Control group; renal tubules are intact. H-E X66.



damage significantly reduced in the group IV
when compared to the group III. However, mon-
telukast administration after amikacin injection,
was not completely alleviate the lesions; milder
degenerative changes as swelling of the epithelial
cells and loss of the brush border were still pre-
sent (Figures 7 and 8). No significant improve-
ment was observed in the group V. This group al-
so showed conspicuous necrosis, swelling and
loss of the brush border in the tubular epithelial
cells (Figures 9 and 10). 
Group I and II showed a few apoptotic cells in

the caspase-3 examination in the tubules (Figures
11 and 12). However, in the group III, caspase-3
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Figure 8. AMK+MONT group; brush border are seen in
intact area of luminal surface of tubules (arrows), however
are not seen in damaged areas (arrow heads). PAS X132.

Figure 7. AMK+MONT group; moderate tubular degener-
ation are visible. Swelling of the epithelial cells of renal
tubules (arrows). H-E X66.

Figure 9. MONT+AMK group; desquamated and degener-
ated epithelial cells are visible in the lumens of necrotic
tubules (*). Notice swelling cytoplasm because of edema
(arrows). H-E X66.

Figure 10.MONT+AMK group; brush border are not seen
because of the tubular necrosis. PAS X132.

Figure 11. Control group; a few apoptotic cells are seen
(arrows). X66.
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positive cells were observed as significantly in-
creased when compared to the group I (Figure
13). The montelukast administration after
amikacin treatment significantly reduced the ex-
pression of apoptotic cells in the group IV (Fig-
ure 14). However, montelukast administration
before amikacin treatment could not prevent
apoptotic immunoreactivity (Figure 15). 
The results of the semiquantative histologic

analyses and caspase-3 stained cells were shown
on Table II.

Discussion

Nephrotoxicity is a major clinical complication
of AGs therapy. Drugs with nephrotoxic potential
are routinely used in the perinatal and pediatric
medicine and an assessment of their relative toxi-
city is very important. AGs antibiotics are used in
severe Gram negative infections21. Despite their
beneficial effects, such as high antibacterial effi-
cacy, rapid onset of action, low rate of true resis-
tance, synergy with β-lactam antibiotics and low
cost22, AGs have considerable nephrotoxic harm-
ful effects. The concentrated accumulation of
AGs in the proximal tubule cells is associated
with their nephrotoxic side effects23. Amikacin us-
age is very common in the hospital-acquired in-
fections, it has also very broad spectrum and
gram negative bacteria-resistance prevalence is
very low1,2. Therefore, it was selected in the cur-
rent study among the other AGs drugs. 
Nagai et al24 reported that amikacin accumu-

lated most abundantly in the renal cortex. The
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Figure 12.MONT group; the view of caspase-3 staining is
similar to control group. X66.

Figure 13. AMK group; marked caspase-3 staining is seen
in the tubular epithelial cells. X66.

Figure 14. AMK+MONT group; there is a prominent re-
duction caspase-3 staining in the tubules according to AMK
group. X66.

Figure 15. MONT+AMK group; the view of caspase-3
staining is similar to AMK group. X66.



mechanism(s) of amikacin-induced renal damage
are multifactorial and seems to depend on free
radical damage and inflammatory responses24,25.
There are a great deal of experimental data sug-
gesting that nephrotoxic drugs may also change
levels of BUN, Cr, oxidant/antioxidant content,
and inflammatory mediators1,2,9,15.
In the present study, one of the important

findings is that amikacin increased MDA and
MPO levels in the group III. MDA, a stable
metabolite of the free radical mediated lipid per-
oxidation cascade, is used widely as a marker of
oxidative stress and lipid layers destroy26. Ac-
cording to our findings, montelukast treatment
after amikacin injection reduced the MDA. Also
MPO activity which is an index of inflammation
increased in the amikacin-treated group. In addi-
tion, increasing IL-1β levels in the same group
show that amikacin caused the inflammation
with oxidative damage. In some investigations, it
was shown that AGs can damage the kidney tis-
sue via inflammation and excessive oxidative
stress25,27. Enhanced MPO levels showed that an
inflammation has been caused by amikacin.
Montelukast treatment after amikacin injection
reduced MPO levels significantly. This can be
attributed to its anti-inflammatory capacity. Al-
so, IL-1β levels tended to statistically significant
levels in the montelukast application after
amikacin injection group. 

Only in the amikacin-treated group, the GSH
levels did not show any significance when com-
pared to the control group. In the amikacin plus
montelukast group, the GSH levels increased as
an antioxidative indicator. One possible explana-
tion of this result is that GSH formation is due to
glutathione reductase antioxidative defence sys-
tem against the renal injury related to the nephro-
toxicity of amikacin. Ozbek et al28 reported that
GSH levels increased in chronic renal injury,
whereas SOD and CAT enzyme activities elevat-
ed in the acute phase of damage. In accordance
with this explanation, the reduced MDA levels in
the montelukast after amikacin injection are par-
allel to the elevated GSH levels expressed by
montelukast treatment in this group. Our im-
munohistochemical data showed that mon-
telukast treatment after amikacin injection re-
duced the expression of apoptotic cells. However,
the montelukast application before amikacin in-
jection did not prevent these damages.
Amikacin treatment increased BUN and Cr

levels which show a renal parenchimal injury,
whereas montelukast application after amikacin
injection reduced this effect. In addition, histo-
logical findings are parallel to the biochemical
findings. In some reports, it was shown that
AGs have harmful effects on renal function, re-
nal histology, and tissue oxidant-antioxidant
systems1,29,30.
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Intensity of 
caspase-3 staining Control MONT AMK AMK+MONT MONT+AMK

Weak (+) 4.0 ± 0.5 6.5 ± 0.9 9.5 ± 1.3 17.0 ± 2.9 10.0 ± 1.5
Moderate (++) 0.0 ± 0.0 0.0 ± 0.0 6.0 ± 1.0 1.3 ± 0.8 11.3 ± 2.2
Strong (+++) 0.0 ± 0.0 0.0 ± 0.0 11.8 ± 1.4 0.3 ± 0.3 9.8 ± 1.1
Histological score 0.5 ± 0.2 1.3 ± 0.2 8.0 ± 0.4 3.6 ± 0.3 6.3 ± 0.8

Table II. The number of tubules with stained caspase-3 and histological score.

Control: Group I. MONT: Only montelukast application (Group II); AMK: Amikacin (Group III); AMK+MONT: Amikacin
plus montelukast (Group IV); MONT+AMK: Montelukast application before amikacin injection (Group V).

p Hist. score Weak (+) Moderate (++) Strong (+++)

Control – AMK 0.003 0.005 0.002 0.002
Control – AMK+MONT 0.003 0.005 NS NS
Control – MONT+AMK 0.003 0.004 0.002 0.002
AMK – AMK+MONT 0.003 0.05 0.01 0.003
AMK – MONT+AMK NS NS NS NS
AMK+MONT – MONT+AMK 0.03 NS 0.003 0.003

NS: Not significant.
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Recently, Sener et al31 reported that mon-
telukast has protective effects on chronic renal
failure-induced multiple organ injury. They at-
tributed to montelukast’s ability to inhibit neu-
rophil infiltration and apoptosis, to balance oxi-
dant-antioxidant status and to regulate the gener-
ation of pro-inflammatory mediators. In a differ-
ent work9, it has been shown that montelukast re-
versed ischemia-reperfusion-induced oxidant re-
sponses and improved microscopic damage and
renal functions. In the light of our biochemical
and histological findings, it is possible to say that
montelukast exerts only therapeutic effects
against amikacin-induced acute renal injury with-
out any protective effect.
In conclusion, the present study demonstrates

that montelukast treatment after amikacin injection
reduces the oxidative damage and renal dysfunc-
tion. These therapeutic effects can be attributed to
its action on oxidant-antioxidant systems and in-
flammation. Further experimental and clinical re-
searches are required to confirm these findings be-
fore its clinical applications against renal injury.
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