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Abstract

Original Article

IntRoductIon

Diabetic nephropathy (DN) is an important microvascular 
complication of type 1 as well as type 2 diabetes mellitus. 
It is estimated that more than 40% of people with diabetes 
mellitus develop chronic kidney disease and end‑stage renal 
disease (ESRD).[1,2] A population‑based study conducted 
in India (2002‑2005) showed that DN accounted for 
approximately 44% of cases of ESRD.[3] Risk factors associated 
with DN include genetic susceptibility, polyol pathway 
activation, renin‑angiotensin system activation, reactive 
oxygen species (ROS), activation of the protein kinase C 
pathway, increased advanced glycation end‑products (AGE) 
and glomerular hyperfiltration.[4,5] There may be no signs or 
symptoms in the early stages of DN. However, in the late 
stages, we may observe alterations in blood pressure, fluid 
imbalance, elevated urine albumin excretion and reduced 
glomerular filtration rate as a result of persistently elevated 
blood glucose levels.[6] Current treatment options for 

patients with DN having microalbuminuria are angiotensin 
converting enzyme (ACE) inhibitors or angiotensin receptor 
blockers (ARBs) which are used alongside antidiabetic drugs 
for glycemic control. Management of ESRD includes dialysis 
and renal transplant.[7] Even with these treatments, the risk of 
DN progression remains high. There is currently no approved 
drug that can prevent or slow the progression of DN.[2] There 
are several drugs which have shown beneficial effects in animal 
studies but have failed in clinical trials either due to lack of 
efficacy or due to safety concerns. Because of the unmet need, 
it was of interest to explore newer agents in this therapy area.[8]

Background: Diabetic nephropathy is a progressive condition and a leading cause of end‑stage renal disease. Oxidative stress and inflammation 
play an important role in its pathogenesis. In pre‑clinical studies, Montelukast had shown renoprotective and anti‑oxidant properties, hence the 
study was planned to evaluate the effect of Montelukast in a Streptozotocin (STZ) induced model of diabetic nephropathy. Methods: 40 Wistar 
rats of either sex were randomly divided into four groups viz. 1. Vehicle control group, 2. Enalapril (5 mg/kg), 3. Montelukast low‑dose (10 mg/kg) 
and 4. High‑dose (20 mg/kg) group. On day 1, diabetes was induced using a single dose of STZ (60 mg/kg) intraperitoneally. Diabetes 
induction was verified based on fasting blood glucose (FBG) levels on day 7 and from day 8 to day 42, rats were given study drugs. FBG, 
serum creatinine, blood urea nitrogen (BUN) and urine microalbumin levels were assessed pre‑study and post‑study. Assessments of kidney 
malondialdehyde (MDA), reduced glutathione (GSH) and renal histopathology were carried out at the end of the study. Results: Montelukast 
10 mg/kg group showed significantly lower urine microalbumin levels compared to the vehicle control group (p < 0.05). Montelukast 20 mg/kg 
group showed significantly lower levels of FBG, serum creatinine, BUN and urine microalbumin compared to the vehicle control group (p < 0.05). 
In addition, Montelukast 20 mg/kg group also showed better effects on kidney MDA and GSH levels (p < 0.05) and histopathological scores 
compared to the vehicle control group. Conclusion: Montelukast showed a protective effect in the model of diabetic nephropathy because 
of its antioxidant effect.
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Persistent hyperglycemia and the formation of AGEs in diabetes 
mellitus lead to the release of monocyte chemo‑attractant 
protein (MCP‑1) from renal parenchyma which attracts 
monocytes into kidneys and causes monocyte activation 
and differentiation. Activated monocytes then release ROS, 
proinflammatory cytokines like interleukins (IL‑1, IL‑6, IL‑18) 
and tumour necrosis factor (TNF‑α). These inflammatory 
cytokines alongside ROS cause renal parenchymal cellular 
apoptosis and necrosis. This pathophysiological pathway 
driven by oxidative damage and inflammation are new targets 
for exploring the effects of novel agents.[9‑11]

Montelukast is an FDA‑approved drug used for the prevention 
and treatment of asthma, exercise‑induced bronchoconstriction 
and allergic rhinitis.[12] It blocks the action of cysteinyl 
leukotrienes—LTC4, LTD4 and LTE4 on cysteinyl leukotriene 
receptor cysLT1.[13] Montelukast has been shown to reduce 
MCP‑1 expression and to possess anti‑oxidant properties in 
previous experimental studies.[14,15] It has also been shown to 
have promising renoprotective effects in various animal models 
of nephrotoxicity.[16,17]

Thus, we decided to investigate the effect of Montelukast 
in an experimental model of diabetic nephropathy with the 
objectives to evaluate its renoprotective effect and explore the 
mechanism of action using oxidative stress markers.

MateRIal and Methods

The permission of the institutional animal ethics committee was 
obtained before the initiation of the study (Reference approval 
number‑ AEC/15/2017). The animals bred in the Central 
Animal House of the institute [registered under Committee 
for Purpose of Control and Supervision of Experiments on 
Animals (CPCSEA) which is a statutory Committee under the 
Government Ministry] were used and the study was conducted 
according to CPCSEA guidelines.

Experimental animals: The study was carried out in Wistar rats 
of either sex, each weighing between 150 and 250 grams. The 
rats were housed in polypropylene cages with stainless steel top 
grills having facilities for providing food and water. The rats had 
free access to UV‑filtered water and food which was administered 
in the form of pellets. Paddy husk was used as the bedding in the 
cages. Regulated conditions were maintained with temperature 
23 ± 4°C, humidity 30%–70% and 12‑hour light‑dark cycles.

Study drugs and chemicals: Disease‑inducing chemical 
agent Streptozotocin (STZ) (Product number‑572201), study 
drugs Montelukast (Product number‑PHR‑1603‑1G) and 
Enalapril (Product number‑PHR‑1603‑1G) were purchased 
from Sigma‑Aldrich. STZ was administered intraperitoneally 
at a dose of 60 mg/kg in 0.1 M sodium citrate buffer (pH‑4.5). 
Montelukast and Enalapril were given orally mixed in normal 
saline (0.9%) and 0.5% carboxy methyl cellulose, respectively. 
Two doses of Montelukast that is 10 mg/kg and 20 mg/kg[16‑18] 
were used as a test drug and Enalapril 5 mg/kg was used as a 
positive control.[19,20]

Study procedure:[21] Forty Wistar rats of the required 
weight range were randomly allocated to four groups 
each group containing ten rats. The experimental study 
groups were: Vehicle control (STZ + Normal saline), 
Enalapril group (STZ + Enalapril 5 mg/kg), low‑dose 
group (STZ + Montelukast 10 mg/kg) and high‑dose 
group (STZ + Montelukast 20 mg/kg). The STZ‑induced 
diabetic nephropathy model employed in this study had 
previously been standardised in identical lab settings.[19] 
Rats were kept fasting overnight in metabolic cages, the 
day before initiation of the study. Blood was collected from 
all rats from the retro‑orbital plexus using non‑heparinized 
micro‑hematocrit capillary tubes and the samples were used 
for baseline estimation of fasting blood glucose (FBG), serum 
creatinine and blood urea nitrogen (BUN). Also, 24‑hours urine 
samples were collected from metabolic cages to measure urine 
microalbumin levels. Then rats were housed according to the 
groups and the cages were labeled. On day 1, all rats were 
administered STZ 60 mg/kg single dose intraperitoneally and 
on day 7, FBG levels were assessed to confirm the induction 
of diabetes (levels above 150 mg/dL). The study drugs that 
is Montelukast and Enalapril were started as once‑daily oral 
gavage using a rat‑feeding needle from day 8 to day 42. At 
the end of the study, blood was collected from all the rats 
from the retro‑orbital plexus to evaluate FBG, creatinine and 
BUN levels, and urine collection over 24‑hours was done 
for urine microalbumin levels. After the collection of blood 
and urine samples, the rats were sacrificed. Exploratory 
laparotomy was performed and both the kidneys of the rats 
were dissected The kidneys were washed in cold saline and 
dried with the help of filter paper and immediately weighed 
on a digital weighing balance and the volume of the kidney 
was measured using the displacement method. One gram of 
kidney tissue was transferred to a glass bulb filled with 9 ml 
of cold phosphate buffer solution (PBS). The kidney tissue 
samples in the PBS glass bulbs were homogenised using 
homogenizer apparatus under constant motor speed. The entire 
process for homogenisation was carried out under strict cold 
chain control of the samples. Following the homogenisation, 
samples were processed for estimation of the kidney tissue 
malondialdehyde (MDA) and reduced glutathione (GSH) 
levels. The remaining second kidney was placed in a glass bulb 
filled with 10% neutral buffered formalin which was further 
processed for histopathological analysis.

Biochemical analysis: FBG, serum creatinine and BUN were 
assessed using an automated analyser. Urine microalbumin 
levels and MDA‑GSH levels in kidney tissue were measured 
using double antibody sandwich enzyme‑linked immunosorbent 
assay (ELISA) method. MDA and GSH levels were measured 
to quantify the amount of oxidative stress induced by STZ. 
ELISA kits were purchased from Kinesis Dx, Los Angeles, 
USA.

Histopathological examination of kidneys: Kidneys in 
the formalin glass bulbs were sent to the laboratory for 
preparation of the slides and the slides were stained using 
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haematoxylin and eosin. The slides were examined by a trained 
and experienced pathologist. Based on the current knowledge 
regarding histopathological changes that occur in STZ‑induced 
diabetic nephropathy in rats, we devised a scoring system in 
consultation with the pathologist as shown in Table 1. This 
scoring was indirectly based on a study by Ozdemir O et al.[22]

Statistical analysis: Data from each study group were compiled 
and were expressed as Mean ± standard deviation (SD). The 
data were analysed using GraphPad InStat version 3.0. The 
level of significance was set at P < 0.05. Normality was 
checked by Shapiro‑Wilk test. The study variables (except 
histopathological examination) were analysed using one‑way 
ANOVA followed by post hoc Tukey’s test. The scoring of 
histopathological findings was expressed as median and range.

Results

Out of 40 Wistar rats at the beginning of the experiments, 29 
rats survived through the six weeks of the study period. Four 
rats died in the vehicle group, three in the low‑dose group and 
two in each of the Enalapril and high‑dose groups.

The baseline mean body weights of the rats were comparable 
among the groups. At the end of six weeks, though all groups 
showed weight gain only Enalapril and high‑dose Montelukast 
group illustrated statistical significance compared to baseline 
as shown in Table 2.

Table 2 also shows that the kidney weight across the groups was 
similar. Although it was slightly higher in the Enalapril group 
compared to the vehicle as well as the Montelukast groups, the 

difference was not statistically significant. The volume of the 
kidney was significantly higher in the Enalapril group when 
compared to the vehicle control group (p < 0.05). The mean 
volume of the kidneys in both the Montelukast groups was 
observed to be slightly higher than the vehicle control group 
but comparable to the Enalapril group. Baseline FBG levels 
amongst all four groups were comparable and within normal 
limits (50–125 mg/dL).[23] At the end of six weeks, FBG levels 
were raised in all the groups, however, both the Enalapril and 
high‑dose Montelukast group showed significantly lower levels 
compared to the vehicle control group as seen in Table 3.

Table 4 shows that baseline serum creatinine levels across the 
four groups were comparable and within the normal range 
(≤ 0.50 ± 0.07 mg/dL)[24] and at day 42, serum creatinine 
was significantly elevated in all the groups. However, the 
rise in creatinine levels was significantly less in the Enalapril 
group (p < 0.001) and high‑dose Montelukast group (p < 0.01) 
when compared statistically with the vehicle control group. 
Similarly, mean BUN levels at day 0 were comparable across 
all the groups and at the end of the study, there was a rise in 
mean BUN levels in all the groups. The rise in the BUN levels 
was significantly less in the Enalapril group and high‑dose 
Montelukast group when compared to the vehicle control 
group. Results between the Enalapril group and the high‑dose 
Montelukast group were statistically comparable in terms of 
end of study FBG, creatinine and BUN levels.

Figure 1 depicts baseline mean urine microalbumin levels were 
comparable amongst all groups and at the end of the study, 
there was a significant rise in urine microalbumin levels in 
vehicle control, Enalapril and low‑dose Montelukast group 
from the baseline. In high dose Montelukast group, the rise in 
urine microalbumin levels between baseline (1.29 ± 0.39) and 
day 42 (1.54 ± 0.56) is not statistically significant. At the end 
of the study, Enalapril (0.95 ± 0.39), low dose (3.46 ± 0.78) 
and high dose Montelukast (1.54 ± 0.56) groups showed 
significantly lesser urine microalbumin levels compared to 
the vehicle control group (4.46 ± 0.84). Also, mean urine 
microalbumin levels observed in the high‑dose Montelukast 
group were comparable to the Enalapril group.

Biochemical analysis of rat kidney tissue samples for oxidative 
markers showed lesser MDA levels and higher GSH levels 
in Enalapril (MDA 4.49 ± 1.69, GSH 137.24 ± 31.76) 

Table 1: Scoring system for histopathological examination 
of kidneys

Score Description
0 No light microscopy changes
1 Minimal changes, >5 and <10 tubules
2 Mild changes, >10 and <15 tubules in 5 LPF with 

vacuolar degeneration and cystic dilatation of tubules
3 Moderate changes, >15 and <20 tubules in 5 LPF with 

vacuolar degeneration and cystic dilatation of tubules
4 Severe changes, >20 tubules in 5 LPF with vacuolar 

degeneration and cystic dilatation of tubules OR 
mesangial expansion

Table 2: Baseline (day 0) and end of study (day 42) rat body weights (grams) mean kidney weights (grams/100 gm 
body wt.) and kidney volumes (ml)

Groups Rat body weight Kidney weight Kidney volume

Day 0 Day 42
Vehicle control 177.33±23.21 186±12.16 0.61±0.11 2.30±0.26
Enalapril 175.75±20.44 211.12±22.52* 0.72±0.12 2.79±0.28#

Low‑dose Montelukast (10 mg/kg) 177.43±22.80 189.29±11.63 0.67±0.15 2.47±0.42
High‑dose Montelukast (20 mg/kg) 185.63±18.37 209±14.28* 0.67±0.07 2.74±0.32
Values expressed as Mean±SD. *P<0.05 compared to mean body weight of day 0 using paired t‑test. #P˂0.05 compared to kidney volume in vehicle group 
using one‑way ANOVA with post hoc Tukey’s test
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and high‑dose Montelukast group (MDA 6.12 ± 2.69, 
GSH 126.64 ± 16.19) compared to vehicle control (MDA 
14.03 ± 4.12, GSH 89.01 ± 15.07) and the difference was 
statistically significant (as shown in Figure 2). Low‑dose 
Montelukast failed to offer significant protection against 
oxidative damage as suggested by the marker levels (MDA 
11 ± 3, GSH 101.82 ± 15.36).

Histopathological examination of rat kidneys
Histopathology grades given to kidneys are expressed as 
median and range as shown in Table 5. The median score 
that was observed in the vehicle control (range 1‑2) and 
low‑dose Montelukast (range 0‑2) group was 2 indicating 
vacuolar degeneration of epithelial cells and cystic dilatation 
of tubules (as shown by arrows in Figure 3) which was 
observed in both the groups. While Enalapril and the high‑dose 
Montelukast group showed a median score of 0 (range 0‑1) 
indicating near normal kidney histology with minimal changes.

dIscussIon

As per the current understanding of the pathophysiology of DN, 
oxidative stress and release of inflammatory cytokines caused 
due to persistently high blood glucose levels and the formation 
of AGEs lead to renal parenchymal damage. Montelukast in 
previous experimental studies had shown to reduce cytokines 
expression and to possess anti‑oxidant properties.[14,15] 
Further, it has been demonstrated to have a protective effect in 
gentamicin and amikacin‑induced nephrotoxicity models.[16,17] 
Recent studies published by Bapputty R et al.[25] and Pham B 
et al.[26] showed the potential role of Montelukast in preventing 
diabetic retinopathy which is also an important microvascular 
complication seen in long‑standing diabetes by reducing 
proinflammatory leukotriene generation and superoxide 

accumulation. The available data on the antioxidant and 
renoprotective potential of Montelukast from the previous 
studies were compelling and hence, it was decided to test 
its effect in the DN model in the present study. Two doses 
(10 mg/kg and 20 mg/kg) of Montelukast were chosen for 
this study based on the previous preclinical studies.[16‑18] Since 
ACE inhibitors are a class of drugs currently used clinically in 
the management of DN, Enalapril was selected as the positive 
control.[13,19,20]

The STZ‑induced model of diabetes is known to be associated 
with 30%–40% mortality, especially in the case of a single 
high‑dose STZ model.[27,28] In the present study, out of 40 Wistar 
rats, 11 (27.5%) died due to STZ toxicity. Higher survival 
rates (80%) were observed in the Enalapril and the high‑dose 
Montelukast groups, respectively.

The baseline mean body weights of the rats were comparable 
across the groups. The weight gain over a six weeks period 
was the least in the vehicle control group, reflecting the weight 
loss due to the induction of diabetes. Previous preclinical 
studies evaluating renoprotective drugs have also illustrated 
a marked reduction in mean body weight in STZ‑treated 
diabetic rats.[29,30] Possible mechanism for weight loss in 
diabetic rats is excessive loss of muscle mass because of 
tissue protein catabolism in a state of hyperglycemia. At the 
end of six weeks, though all the groups showed weight gain, 
a statistically significant increase in weight was illustrated in 
the Enalapril and high‑dose Montelukast groups only and it 

Table 4: Comparison of serum creatinine levels (mg/dL) and blood urea nitrogen (mg/dL) at day 0 and day 42

Groups Serum creatinine Blood urea nitrogen

Day 0 Day 42 Day 0 Day 42
Vehicle control 0.33±0.08 0.92±0.19 18.16±3.10 28.19±2.77
Enalapril 0.36±0.07 0.55±0.13@ 18.19±2.55 19.72±2.38*
Low‑dose Montelukast (10 mg/kg) 0.36±0.07 0.83±0.22 19.60±3.52 24.40±4.66
High‑dose Montelukast (20 mg/kg) 0.35±0.09 0.57±0.15@ 17.92±3.51 20.02±3.09*
Values expressed as Mean±SD. @P<0.01 compared to vehicle group, using one‑way ANOVA with Tukey’s post‑test. *P<0.001 compared to vehicle group, 
using one‑way ANOVA with Tukey’s post‑test

Table 3: Fasting blood glucose (mg/dL) at day 0 and 
day 42

Groups Baseline 
values (day 0)

End of study 
values (day 42)

Vehicle control 81±7.62 271.17±19.47
Enalapril 82.37±8.38 210.38±22.49*
Low‑dose Montelukast (10 mg/kg) 85.14±9.32 244.86±36.03
High‑dose Montelukast (20 mg/kg) 80.13±8.35 216.88±15.96*
Values expressed as Mean±SD. *P<0.05 compared to vehicle group 
one‑way ANOVA with Tukey’s post‑test

Figure 1: Urine Microalbumin (mg/dL) at Day 0 and Day 42. Values 
expressed as Mean ± SD. *P<0.05 compared to vehicle group using 
one‑way ANOVA with Tukey’s post test. NS: Not significant compared to 
urine microalbumin levels at day 0 using paired t‑test
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was comparable. Also, there was a significantly higher mean 
body weight in the Enalapril treatment group compared to 
the vehicle control group. It is observed by Guneli E et al.[31] 
and Andallu B and Varadacharyulu NC[32] that drugs with free 
radical‑scavenging properties protect against weight loss in 
diabetic rats.

There have been mixed reports in previous preclinical studies 
regarding the effect of diabetes on organs like kidneys in 
terms of weight and volume. Some researchers reported a 
decrease in weight, while others have reported an increase 
or no significant change in kidney weight.[33‑35] In our study, 
kidney volume and weight were higher in the Enalapril group 
compared to the vehicle control group. However, there was 
no statistically significant difference in mean kidney weights 
among the different groups.

Various preclinical studies using the STZ model which 
evaluated the renoprotective effect of experimental agents have 
used the standard biochemical tests viz. FBG, BUN, serum 
creatinine and urine microalbumin.[21,35‑43] In our study, baseline 

FBG levels of the rats were found to be comparable across 
all the groups and were within the normal range. There was 
a dramatic rise in FBG after one week of STZ administration 
indicating successful induction of diabetes. The cut‑off 
level of FBG was kept at 150 mg/dL based on the previous 
preclinical studies.[21,44] At the end of six weeks, FBG levels 
increased in all the groups. There was a significant difference 
in blood glucose levels in the Enalapril group and high‑dose 
Montelukast (20 mg/kg) group compared to the vehicle 
control indicating their protective action against diabetes. 
Also, FBG levels in the Enalapril group were comparable 
to both doses of Montelukast. Enalapril in previous studies 
also has been reported to lower blood glucose levels by 
improving insulin signalling and insulin sensitivity caused by 
RAAS disruption.[45‑47]

Similarly, at baseline, serum creatinine and BUN levels in all 
four groups were comparable and within the normal range.[24] 
At the end of the study, there was a significant increase in 
the levels of these variables suggesting the induction of 
nephropathy due to sustained high blood glucose levels. In 
the advanced stages of nephropathy, there is a fall in GFR 
caused by constriction of glomerular arterioles and mesangial 
expansion. These changes lead to a rise in serum creatinine 
and BUN levels.[48] In our study, serum creatinine and BUN 
levels had increased at the end of the study compared to 
baseline. A study by Kundu A et al.[38] also showed a marked 
rise in creatinine and BUN levels in their three weeks model 
of STZ‑induced DN. Enalapril and high‑dose group showed 
the least rise in serum creatinine and BUN levels among all 
the groups and it was statistically significant when compared 
to the vehicle control group. Both the groups of Montelukast 
showed dose‑dependent effects on biochemical variables with 

Table 5: Histopathological examination of kidney

Groups Histopathological grades: 
Median (range)

Vehicle control 2 (1‑2)
Enalapril 0 (0‑1)
Low‑dose Montelukast (10 mg/kg) 2 (0‑2)
High‑dose Montelukast (20 mg/kg) 0 (0‑1)

Figure 3: Histopathological Section of Kidney (Image: H&E stain under 
100x magnification). Study groups: Vehicle control (top left), Enalapril 
(top right), Low dose Montelukast (10 mg/kg) (bottom left), High dose 
Montelukast (20 mg/kg) (bottom right), Histopathological changes ‑ 1: 
Vacuolar degeneration, 2: Cystic dilatation of tubules

Figure 2: Kidney MDA (nmol/mL) and GSH (μgm/mL). Values expressed as Mean ± SD. *P<0.001 compared to mean kidney MDA level in vehicle 
group and #P<0.05 compared to mean kidney GSH level in vehicle group using one‑way ANOVA with Tukey’s post‑test 
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high‑dose Montelukast showing a comparable effect to the 
Enalapril group.

Development of microalbuminuria is one of the important 
clinical feature and earliest signs of DN.[49] Microalbuminuria 
in STZ induced diabetes model is caused by glomerular 
basement membrane thickening, destruction of podocytes 
and increased intracellular spaces.[33] Earlier preclinical 
studies screening renoprotective agents in STZ‑induced 
DN have also used urine microalbumin levels as a variable 
for detecting nephropathy.[37‑40,43,44] Baseline albuminuria 
in Wistar rats according to previous studies lies between 0 
and 1.5 mg/24 hr.[50,51] No formal grading or classification is 
available correlating the level of albuminuria and the severity 
of renal injury. In a preclinical study conducted by Bahaa 
Al‑Trad et al.[52] reported that a reduction in podocytes and 
reduced expression of mRNA and proteins related to nephrin 
and podocin led to albuminuria after a single dose of STZ 
treatment. A study conducted by Dubey VK et al.[35] showed 
significant albuminuria after four weeks of administration of 
STZ. In our study too, the vehicle control group showed higher 
microalbuminuria and Enalapril as well as both the Montelukast 
groups offered protection against it. The dose‑dependent 
renoprotective effect was seen with Montelukast and the results 
of the high‑dose group matched with those of the Enalapril 
group. Also, the rise in urine microalbumin levels from baseline 
till six weeks was significant in all the groups except in the 
high‑dose montelukast group, indicating its renoprotective role 
in the early stages of DN.

Various studies, evaluating the anti‑oxidant property of 
novel agents in STZ‑induced DN have previously used 
antioxidants like superoxide dismutase (SOD), catalase (CAT), 
nitric oxide (NO) alongside MDA and GSH for estimation 
of oxidative stress.[37,38,42,53] In above‑mentioned studies, 
alleviation of oxidative stress was interpreted in terms of the 
ability to raise anti‑oxidant levels and decrease MDA levels. In 
our study, mean kidney MDA levels were significantly lesser in 
the Enalapril and the high‑dose Montelukast group compared to 
the vehicle control. The mean kidney GSH levels also showed 
higher values in the Enalapril and high‑dose Montelukast 
groups demonstrating anti‑oxidant potential.

The gold standard for diagnosis of DN is renal biopsy. Zhao Y 
et al.[36] have reported that diabetic rats showed increased matrix 
in the mesangium and vacuolar degeneration of glomerular 
epithelial cells after 28 days of STZ administration. Other 
preclinical studies by Zhou X et al.,[42] Han H et al.,[41] Elbe H 
et al.[29] and Yuan H et al.[43] reported similar histopathological 
results showing glomerular basement membrane thickening, 
vacuolar degeneration and renal tubular damage. In the present 
study, a median score of 2 was observed in the vehicle control 
group (range 1‑2) and low‑dose Montelukast (range 0‑2) 
group indicating vacuolar degeneration of epithelial cells 
and cystic dilatation of tubules in the kidney. On the other 
hand, the Enalapril and high‑dose Montelukast group showed 
median score of 0 (range 0‑1) indicating near‑normal kidney 

histology with minimal changes. Thus, Enalapril and high‑dose 
Montelukast preserved the renal architecture in the face of high 
glucose levels. The finding is interesting and future research 
should be directed to confirm whether Montelukast would be 
useful as a prophylactic agent to prevent DN.

In vitro studies have proved that at high concentrations of 
glucose, proteoglycans, fibronectin, type‑4 collagen, and 
laminin levels as well as TGF‑β expression are increased. 
TGF‑β inhibits collagenase production and leads to the 
accumulation of extracellular matrix (ECM) proteins in 
glomerular and tubular basal membranes by preventing its 
degradation.[41,54] In light of these studies, it will be worthwhile 
to evaluate the effect of Montelukast on TGF‑β expression in 
future studies.

The findings of this study are promising since the renoprotective 
effects of the higher dose Montelukast group were not inferior 
to Enalapril which was considered the treatment of choice 
for patients with diabetes and elevated urinary albumin 
excretion (30–299 mg/day) according to clinical practice 
guidelines.[55] However, the interpretations of the results and 
inferences drawn from the present study should be considered 
given certain limitations as only the anti‑oxidant action of 
montelukast was probed in the present study. The possible 
effect of Montelukast on inflammatory markers like TGF‑β 
and MCP‑1 (which may have contributed to its protective 
action) was not addressed in this study. The STZ model was 
selected in this study as a screening test. It is more useful as 
a model of early changes in diabetic nephropathy as it fails to 
induce hypertension and advanced renal pathological features 
like severe mesangial matrix accumulation, nodular lesions 
in glomeruli and severe tubular cell damage.[56] Also, the 
limitation of our study is the non‑inclusion of a nondiabetic 
normal control group which would have been better for the 
overall interpretation of results.

conclusIon

In the present study, Montelukast showed a potential 
renoprotective effect as evident from the assessment of renal 
biochemical and histopathological variables in STZ‑induced 
diabetic nephropathy. The protective effect was mediated by 
its anti‑oxidant property and it needs to be explored further.
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