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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 liraglutide has been shown to reduce oxidative stress. Therefore, we evaluated the 
potential protective effect of liraglutide against GEN-induced nephrotoxicity in rats. 
Material And Methods: Twenty-eight 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 liraglutide (0.6 
mg/kg/day; Group 4). After 15 days, the rats were sacrificed, their kidneys taken, and blood 
analysis performed. Tubular necrosis, interstitial fibrosis, and inducible nitric oxide synthetase 
(iNOS) scores were determined histopathologically in a part of the kidneys; malondialdehyde 
(MDA), reduced glutathione (GSH), E-cadherin and transforming growth factor β1 (TGF-β1) 
levels were determined in another part of kidneys.
Results: The GSH levels in renal tissue of only GEN-treated rats were significantly lower than 
others, and the administration of liraglutide to rats significantly increased the level of GSH. 
The group that was given GEN plus liraglutide had significantly lower MDA, TGF - β1, and E - 
cadherin levels than that given GEN alone. The rats treated with GEN+liraglutide indicated less 
severe tubular necrosis and their glomeruli maintained a better morphology compared to the 
GEN group. iNOS expression was higher in the liraglutide administrated group than the group 
that applied only GEN.
Conclusion: Liraglutide exerts protective effects on GEN-induced kidney damage by reducing 
oxidative stress in rat model.
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INTRODUCTION
The kidney is a major organ that plays stunning roles in the 
human body. The primary duty of the kidney is to sustain 
the total body fluid volume, its composition, and acid-
base balance. Many exogenous pollutants and chemical 
factors, including drugs, can alter kidney function(1). 
Gentamicin (GEN), a type of aminoglycoside, is used in the 
treatment of bacterial infections, but this drug is not renal 
parenchyma friendly. Nephrotoxicity, estimated to occur in 
approximately 10-20% of aminoglycoside treatments, is the 
most important complication of this drug (2) 40 mg/kg b.wt. 
Compared to the mitochondrial respiratory rates of 7 sham-
control rats, State 3 (ADP dependent. Renal free radical 
production and accumulation causes glomerular congestion 
and the glomerular filtration rate decreases. This oxidative 
stress environment due to the rise of free radicals causes 
acute tubular necrosis(3).

Reactive oxygen species (ROS) are known to be significant 
mediators of GEN nephrotoxicity(4). In vitro and in vivo 
studies have shown that substances that reduce reactive 
oxygen metabolites are protective in GEN-induced renal 
failure(5). Lipid peroxidation (LPO) interfered with by ROS is 
a factor of cell destruction in various pathological conditions 
and indicates cellular damage which is widely used in the 
treatment of severe Gram-negative infections (6). Reactive 
oxygen species are important mediators of GEN-induced 
nephrotoxicity. Because of the strong antioxidant properties 
of pomegranate extract (PE). Moreover, the activation of 
proapoptotic and proinflammatory mediators would be 
stimulated by the superelevation of ROS, thus contributing 
to kidney damage induced by gentamicin (7).

Various pharmacological substances have been determined to 
have a potency in avoiding GEN-induced nephrotoxicity(8). 
Nevertheless, there is currently no clinically encouraging 
intervention to completely prevent or minimize the effect 
of GEN-induced nephrotoxicity. The medical world has 
been dealing with kidney protective antioxidant and anti-
inflammatory treatments for a long time. The glucagon-
like peptide-1 (GLP-1) analog liraglutide has been reported 
to reduce high glucose-induced oxidative stress, tumor 
necrosis factor (TNF) –α, and inflammatory reaction in 
human endothelial cells(9). Inhibition of protein kinase C 
(PKC) translocation, nuclear factor (NF) -B activation and 
nicotinamide adenine dinucleotide phosphate (NADPH) 
oxidase activation contribute to the anti-inflammatory and 
anti-oxidative effects of liraglutide(10). Plasma reactive 

oxygen compounds are an indicator of oxidative stress. 
Studies have shown that liraglutide provides significant 
reductions in plasma reactive oxygen compounds in patients 
with type 2 diabetes (11). There is also an anti-inflammatory 
effect of liraglutide. This effect has been demonstrated 
by experimental animal studies in the brains of rats with 
Alzheimer’s disease and the hearts of diabetic rats (12).

Owing to these influences of liraglutide, in our study, 
the role of liraglutide in renal damage with GEN was 
investigated. In the present study, we aimed to find out 
whether liraglutide has any protective effect against GEN 
toxicity in an experimental animal study. Since there is no 
study investigating the protective effect of liraglutide against 
GEN-induced nephrotoxicity in the literature, our study is 
the first study on this subject.

MATERIAL AND METHODS
Rats
The experimental study was done on all 28 male Wistar-
Albino rats, weighing between 200-300 gr. The rats were 
housed in clean plastic cages at 20-22ºC constant temperature 
and in a humidity-controlled facility with a stable  12-hour 
light/dark cycle. During the experiment, the rats were given 
enough water and rat feed with free access.  Ethics committee 
approval was obtained by applying to the Istanbul University 
Animal Experiments Local Ethics Committee before the 
experiment (Approval number: 06/06/2018-147577).

Medicaments
GEN (Gentreks, Bilim Pharmaceutical, Istanbul, Türkiye), 
and Liraglutide (Victoza®, Novo Nordisk, Plainsboro, New 
Jersey, USA) were purchased from a random pharmacy. GEN 
was injected intraperitoneally at a dose of 100mg/kg/day. 
Liraglutide was administered at a dose of 0.3 mg/kg every 12 
hours subcutaneous injection.

Experimental Design
After a quarantine period of seven-day-long, 28 animals 
were indiscriminately divided into 4 even groups, every 
consisting of seven rats as follows: (1) control group; (2) GEN 
injected group for 14 consecutive days intraperitoneally 
(100 mg/kg/day); (3) GEN plus %0.9 saline-treated group 
for 14 consecutive days subcutaneously and (4) GEN plus 
liraglutide treated group (0.6 mg/kg/day liraglutide was 
administered immediately after injection of GEN) for 14 
consecutive days. All rats were processed for 14 consecutive 
days. After 15 days, the rats were sacrificed by taking blood 
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from the heart under anesthesia, blood analysis performed, 
and their kidneys taken. Histopathologically, interstitial 
fibrosis scores and tubular necrosis were investigated in a 
part of renal tissues; E-cadherin, reduced glutathione (GSH), 
malondialdehyde (MDA), and transforming growth factor 
β1 (TGF-β1) levels were measured in another part of renal 
tissues. Sodium (Na+), potassium (K+), creatinine, and urea 
levels were measured as a part of blood analysis.

Biochemical Assays
On day 15, the rats were anesthetized by using xylazine/
ketamine (10/50 mg/kg, i.p.) and killed. 24-hour urine 
collections were acquired in normal cages one day before 
the rats were killed. Kidney tissues were split into 2 pieces 
for microscopic inspection and biochemical analysis. 
Blood was taken from the hearts of rats and Na +, K +, 
urea, and creatinine levels were measured. MDA, reduced 
GSH, E-cadherin, and Transforming growth factor beta-1 
(TGF-β1) were measured in the renal cortical tissues. For 
the determination of MDA and GSH in rat kidney tissue, 
the tissues were weighed, 1/20 (weight/volume) phosphate 
buffer saline was added (0.1 M / pH 7.4), and homogenized 
with a tissue homogenizer. Homogenates were centrifuged 
at 3500rpm for 15 minutes, the supernatants were separated 
and stored at -80 ° C until the time to be analyzed. MDA 
levels were assayed spectrophotometrically. MDA is referred 
to as thiobarbituric acid reagent. MDA was measured with 
thiobarbituric acid at 532 nm. In the measurement of GSH, 
the method based on the use of Ellmann’s reagent was used 
and spectrophotometrically measured. Serum creatinine 
and urea levels were measured by using Beckman Coulter 
diagnostic kits. Na+ and K+ values were measured by ion-
selective electrode method using Beckman Coulter AU5821 
autoanalyzer.

Histopathological Examinations
Veterinary pathologist performed the evaluations . Kidney 
tissue samples obtained from rats were routinely processed, 
embedded in paraffin blocks, and cut in a manual rotary 
microtome (Leica RM2255). Sections were investigated under 
a light microscope (Olympus BX50) after being stained with 
Hematoxylin & Eosin (H&E). Histopathological evaluation 
was made according to the degree of tubular damage and the 
intensity of inflammatory cell infiltration. If tubular damage 
is less than 25%, mild (1); If the affected tubule ratio is 25-50%, 
it is medium (2); If more than 50%, it is scored as severe (3). To 
evaluate inflammatory cell infiltration, 5 random areas were 
selected at 40x magnification for each kidney section, and 

scoring for neutrophils and mononuclear leukocytes were 
done separately. We used Masson’s trichrome to assess the 
degree of interstitial fibrosis. The interstitial area was stained 
green with Masson’s trichrome. Then, an image analyzer 
was then used (Leica; Leica Micros Imaging Solutions, 
Cambridge, UK), and 5 pieces were randomly selected 
from any kidney sample and analyzed. After that, the Banff 
classification was used to score the degree of interstitial 
fibrosis and mononuclear cell infiltration (13).

Immunohistochemical Staining
All immunohistochemical evaluations were done double-
blinded. Kidney sections taken on positively charged slides 
for immunohistochemical (IHC) labeling with inducible 
nitric oxide synthetase (iNOS) primary antibody were 
stained following the manufacturer’s instructions from 
which the antibody was supplied. Deparaffinized sections 
were passed through 100, 96, 80, and 70% alcohol series and 
distilled water, respectively. Heat treatment was applied with 
citrate buffer solution (pH 6.0) in a microwave oven for 20 
minutes at 750W. Then, it was incubated for 10 minutes with 
a 0.3% hydrogen peroxide solution in methanol to block 
the endogenous peroxidase activity. Anti-iNOS (PA516855, 
1/100 dilution, Invitrogen) antibody was then applied to 
the sections that were kept at room temperature for 10 
minutes by dropping the protein block solution in a humid 
cabinet and incubating for 90 minutes at room temperature. 
After the primary antibody incubation, the reaction was 
completed with a secondary antibody kit (Expose Mouse 
and Rabbit Specific HRP / DAB Detection IHC Kit, Cat no. 
Ab80436, Abcam) based on the micro polymer principle. 
The sections were incubated at room temperature for 10 
minutes with Horseradish Peroxidase (HRP) conjugated 
secondary antibody. It was labeled with diaminobenzidine 
(DAB). Floor painting with Mayer hematoxylin has been 
completed. Sections were washed with Tween 20-added 
phosphate buffer solution (pH 7.4) after all incubation steps 
until background staining, except between protein blocking 
and primary antibody steps. IHC staining was examined 
with a light microscope and the immune reaction was 
scored according to the ratio of marked tubular epithelial 
cells and the intensity of staining. If the rate of marked 
tubular epithelial cells is 0% (0); Light up to 30% (1); 30-60% 
medium (2); If more than 60%, it was determined as severe 
(3). Positive reaction intensity was rated as, no reaction (0); 
light (1); medium (2); severe (3). The final score is determined 
by multiplying these two scores. Results are expressed as 
negative (0); mild (1-3); medium (4-6); and strongly positive 
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(7-9)(14).

Statistical Analysis
The p-value of < 0.05 was accepted as statistically significant. 
Continuous variables of entire groups were indicated as 
mean values ± standard deviation (SD). The distribution was 
examined with the Shapiro-Wilk test. Histopathological data 
were evaluated using the chi-square test. Biochemical data 
were analyzed using the Kruskal-Wallis test. In the case of 
statistical significance between groups, the Mann-Whitney 
U test was used to determine whether it was significant 
for the two groups. Bonferroni adjustment for multiple 
comparisons was applied. P<0.0083 was considered to 
indicate a significant difference, since the number of groups 
was four, and the significance level was 5%.

RESULTS
There were no signs of death or visible toxicity in the rats. The 
biochemical, histopathological, and immunohistochemical 
outcomes were analogous for the control and liraglutide-
treated groups, therefore, we determined to evaluate them 
indiscriminately and to declare only the control group.

Urinary Volume
It was observed that the highest amount of urine was 
collected from the GEN-treated rats. This was statistically 
significant (p < 0.01). This indicated the presence of GEN-
induced polyuria. There was no difference in the liraglutide 
injected group compared to the control group, pointing out 
the preventive effect of liraglutide towards ATN (Table 1).

Biochemical Variables
The urea and creatinine values were found to be statistically 
significantly higher in the group of rats treated with GEN 
alone (p<0.05). With the addition of Liraglutide to the 
treatment of rats under GEN, a decrease in serum urea and 
creatinine levels was observed. Na+ and K+ values among 
the four groups had similarities (Table 1).

When MDA and GSH values were calculated, it was observed 
that the MDA value in the 4th group and the GSH value in 
the 3rd group were significantly lower than the other groups 
(p<0.05). Application of liraglutide after GEN treatment 
provided a statistically significant increase in GSH values (p < 
0.05). When E-cadherin and TGF - β1 values were evaluated, 
it was observed that they were increased in the group treated 
with GEN. These values were statistically significant when 
compared with the control group. TGF - β1 and E - cadherin 

values decreased significantly after liraglutide injection 
(p<0.05). The details are shown in Table 2.

Histopathological and Immunohistochemical Results
While mild tubular damage such as granular and vacuolar 
degeneration was observed in the tubular epithelium 
in animals belonging to the control group (Figure 1), 
neutrophil or mononuclear cell infiltration was not 
detected in the intertubular, interstitial, and perivascular 
areas. Moderate and severe tubular necrosis, degeneration, 
dilatation, vacuolization in the tubular epithelium, 
epithelial hyperplasia, and mild interstitial and perivascular 
mononuclear cell infiltration were observed in the 2nd and 
3rd groups. In the comparison between groups in Table-3, it 
was seen that tubular necrosis and interstitial fibrosis were 
more severe in the groups given GEN. In the group given 
GEN+Liraglutide, a similar histopathological appearance 
was observed in the control group. Leukocyte infiltration 
and iNOS were observed to be more severe in the groups that 
intervened with GEN, and when liraglutide was added to the 
treatment, similar results were obtained in the control group.  
(Figure 2 and Figure 3) (Table 3 and Table 4). Epithelial 
hyperplasia and mononuclear inflammatory cells were 
observed in the kidney tissues after liraglutide treatment. 
There was a decrease in the number of degenerative tubules 
and mononuclear inflammatory cells (Figure 4).

Figure 1. Degenerated, swollen, and granular-looking 
tubular epithelium (arrows), control group, Bar = 50 µm, 
H&E
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Table 1. Effects of GEN alone and its combination with liraglutide 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+Liraglutide
(Group 4)

Urea (mg/dl) 34±7,1 102±10,3a 101±5,1 42±10,2b

Creatinine (mg/dl) 0,42±0,1 1,89±0,9a 1,83±1,2 0,72±0,4b

Na+ (mmol/L) 138±1,2 139±2,5 138,2±1,3 137±1,6

K+ (mmol/L) 3,9±0,3 3,9±0,9 4±0,5 3,9±0,2

24-h urine volume (ml) 8,8±1,2 20,3±3,7a 21,1±3,2 8,9±1,9b

Notes: Values are expressed as mean±SD for seven rats in each group.
Groups: Control, GEN (gentamicin), GEN+Ve (gentamicin+vehicle), GEN+liraglutide(gentamicin+liraglutide)
aSignificantly different from the control.
bSignificantly different from the gentamicin group (p<0.05).

Table 2. Effects of liraglutide on rat kidney MDA, GSH, E-cadherin, and TGF-β1 levels.

Parameters Control
(Group 1)

GEN
(Group 2)

GEN+Ve
(Group 3)

GEN+Liraglutide
(Group 4)

MDA (µM/mg) 16,5±5,8 26,4±4,3a 24,3±2,5 18±4,5b

GSH (µg/mg) 3,1±2 2±0,5a 1,81±0,9 2,9±0,7b

E-cadherin (ng/mg) 0,5±0,2 1,5±0,1a 1,5±0,3 0,6±0,3b

TGF-β1 (pg/mg) 2,5±0,7 8±1,7a 7,6±2,4 3,3±0,5b

GSH: reduced glutathione
MDA: malondialdehyde
TGF-β1: transforming growth factor β1
Notes: Values are expressed as mean±SD for seven rats in each group
aSignificantly different from the control.
bSignificantly different from the gentamicin group (p<0.05)

Table 3. Semiquantitative analysis of tubular necrosis, interstitial fibrosis in control, GEN, GEN + Ve, and GEN + liraglutide 
groups.

Tubular necrosis Interstitial fibrosis

n none + ++ +++ none + ++ +++
Control 7 6 1 0 0 6 1 0 0
GEN 7 0 1 2 4 0 1 0 6
GEN + Ve 7 0 0 1 6 0 0 0 7
GEN + liraglutide 7 1 3 3 0 4 1 1 1

n: total number of rats each group , +: mild , ++: moderate , +++: severe tubular necrosis and interstitial fibrosis reported
Acute inflammation findings such as tubuler necrosis and interstitial fibrosis were highest in the ischemia-reperfusion group compared 
to the other groups.

https://doi.org/10.33719/nju1447326


Degirmentepe RB, et al. Preventive Effects of Liraglutide on Kidneys

73

Figure 2. Degenerated, swollen, and granular-looking 
tubular epithelium, coarse nucleus structure (arrow), GEN 
group Bar = 20 µm, H&E

Figure 3. Degenerative tubules (stars), mononuclear 
inflammatory cells (arrow), GEN group, Bar = 20 µm, H&E

Figure 4. Epithelial hyperplasia areas (arrow), mononuclear 
inflammatory cells (stars), Gentamicin + Liraglutide group, 
Bar = 20 µm, H&E.

Figure 5. Slight anti-iNOS positive reaction, Control group, 
Bar = 50 µm, IHC

Table 4. Comparison of leukocyte infiltration and iNOS   between groups

Leukocyte infiltration iNOS

n none + ++ +++ none + ++ +++

Control 7 6 1 0 0 2 2 2 1

GEN 7 0 1 2 4 1 3 2 1

GEN + Ve 7 0 0 2 5 1 2 3 1

GEN + liraglutide 7 2 3 2 0 1 1 4 1

n: total number of rats each group , +: mild , ++: moderate , +++: severe posivity fibrosis reported
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Varying degrees of positive reaction were found in all groups, 
including the control group in the immunohistochemical 
analysis (Figure 5). An anti-iNOS immune positive reaction 
was observed especially in proximal tubular epithelium. 
The reaction was rarely observed in the glomerular area. 
Especially in the gentamicin-applied group, since tubular 
damage was more severe than in the other groups (Figure 
6), the immune reaction was found less due to the absence or 
necrosis of the epithelium. Tubular damage was moderate in 
group 4. iNOS expression was higher in group 4 than in the 
group that was applied only gentamicin (Table 4).

Figure 6. Strong positive anti-iNOS reaction showing 
intensity in proximal tubules, Gentamicin group, Bar = 50 
µm, IHC

Figure 7. Widespread strong positive anti-iNOS reaction, 
liraglutide treated group, Bar = 20 µm, IHC

DISCUSSION
The kidneys are sensitive to damage from drugs. 
Aminoglycosides are one of the antibiotics with proven 
efficacy against gram-negative bacteria and are used 
clinically in daily practice, but nephrotoxicity may occur in 
its use. The tubular effect, triggered by drug accumulation 
in epithelial tubular cells, constitutes a major part of GEN-
induced AKI. Ultimately, gentamicin causes acute tubular 
necrosis by causing glomerular obstruction, free radical 
production in the kidney, and decreased antioxidant 
protection mechanisms which may range from a mere loss 
of the brush border in epithelial cells to an overt tubular 
necrosis (15). Tubular cytotoxicity is the consequence of many 
interconnected actions, triggered by drug accumulation 
in epithelial tubular cells. Accumulation results from the 
presence of the endocytic receptor complex formed by 
megalin and cubulin, which transports proteins and organic 
cations inside the cells. Gentamicin then accesses and 
accumulates in the endosomal compartment, the Golgi and 
endoplasmic reticulum (ER). The use of certain antioxidant 
agents to reduce or prevent the effect of GEN nephrotoxicity is 
a reasonable consideration owing to the clear burden of ROS 
in GEN-induced kidney injury 40 mg/kg b.wt. Compared to 
the mitochondrial respiratory rates of 7 sham-control rats, 
State 3 (ADP) dependent (2).

Recently, it has been started to share data that liraglutide 
reduces oxidative stress caused by high glucose level and 
tumor necrosis factor (TNF) -α, in endothelial cells(9). 
Inhibition of PKC translocation, NADPH oxidase activation, 
and NF -B activation contribute to the anti-inflammatory and 
anti-oxidative effects of liraglutide(10). Besides, liraglutide 
reduces the levels of plasma reactive oxygen metabolites, one 
of the important indicators of oxidative stress (11).

The understanding of GEN nephrotoxicity is quite important 
clinically; such as in the presence of 1-2 liter urine output 
per day, an oliguric acute renal failure nephrotoxicity, 
which can be seen with azotemia(16). In the present study, 
the significant finding indicating the presence of polyuria 
due to GEN was that the 24-hour urine volume in the GEN 
group was the highest amount, while it was not different 
in the group treated with GEN + liraglutide. It showed 
the protective role of liraglutide against ATN. Measured 
creatinine and urea levels after treatment with GEN reflected 
kidney damage. Normalization of serum creatinine and urea 
levels after liraglutide administration showed that liraglutide 
restored renal function by protecting renal cells against the 
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GEN challenge. In this study, MDA levels, i.e. the indicators 
of lipid peroxidation of the membranes as a result of 
oxidative damage as well as both nuclear and mitochondrial 
DNA (17). Melatonin achieves this widespread protection 
by means of its ubiquitous actions as a direct free radical 
scavenger and an indirect antioxidant. Thus, melatonin 
directly scavenges a variety of free radicals and reactive 
species including the hydroxyl radical, hydrogen peroxide, 
singlet oxygen, nitric oxide, peroxynitrite anion, and 
peroxynitrous acid. Furthermore, melatonin stimulates 
a number of antioxidative enzymes including superoxide 
dismutase, glutathione peroxidase, glutathione reductase, 
and catalase. Additionally, melatonin experimentally 
enhances intracellular glutathione (another important 
antioxidant, were significantly increased after GEN 
administration. In parallel with this, GSH levels decreased 
in the renal tissue after GEN administration. GSH plays an 
important role in protecting the lipid and protein integrity 
in the cell membrane, as well as providing great protection 
from oxidative damage by participating in cellular defense 
systems (18). In the group treated with GEN+liraglutide, we 
found decreased MDA levels and increased GSH levels.

iNOS can be produced and detected by inducing secondary 
messengers in the inflammatory infection process(19). 
Particularly in the gentamicin-applied group, since tubular 
damage was more severe than the other groups, the immune 
reaction was found less due to the absence or necrosis of 
the epithelium in this study. iNOS expression was higher in 
the group treated with GEN + liraglutide than in the GEN 
group. Fibrosis and progressive tubular damage in the renal 
cortex have been demonstrated in previous studies. In our 
study, necrosis, degeneration, dilatation, and vacuolization 
of the tubular epithelium were evaluated histopathologically. 
All these were most severe in the GEN-treated group. This 
damage suggested that ROS formed as a result of oxidative 
stress caused by GEN. The kidney samples of the liraglutide-
treated group had quite normal histological features except 
for slight desquamation and atrophy of the tubular epithelial 
cells. These findings strongly indicate that liraglutide may 
have a protective effect against the kidney from GEN-
induced injury by improving the oxidant status.

Experimental animal studies are very important in 
establishing a new treatment modality as they provide the 
basis for clinical studies. To administer a drug to a person 
in a pathological situation, several stages are required. 
Experimental animal studies are one of these stages. In our 

study, a limited number of data were examined, so it would 
not be correct to obtain a definite result from a single study, 
however, when the data obtained from similar experimental 
studies are evaluated together, a basis for clinical studies can 
be formed.

This study had some limitations no evidence of long-term 
effects, the small sample, and the amount of biochemical and 
histopathological data examined is limited. Besides evaluated 
morphological semi-quantitative results, quantitative 
methods were not performed in the present study.

CONCLUSION
The results reported here indicate that liraglutide exerts 
antioxidant, anti-inflammatory and, antifibrotic effects on 
GEN-induced renal injury in rats by reducing oxidative 
stress. The observed protective effects can be attributed to 
the antioxidant properties of liraglutide. This study can 
be a good base for more studies aimed at finding the best 
therapy for this kind of pathology. Even if liraglutide could 
be protective against renal damage of GEN, it needs further 
research in larger animal groups.
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