
Abstract The pathological mechanisms underlying 
This study investigated the possible protective these perturbations have been shown to include 

effect of methanolic leaf extract of Azadirachta indica microvascular dysfunction, chronic inflammation, 
4,5,6on gentamicin-induced nephrotoxicity in male Wistar oxidative stress and tubular necrosis.

rats. Male Wista rrats (average weight= 184.05g) were Drug-induced renal failure is a well-
7divided into five (5) groups, with five (5) rats each recognized clinical phenomenon,  although the 

receiving vehicle (normal saline, p.o), GEN (21.16 incidence of drug – induced renal disease is not well 
mg/kg Gentamicin,i.p), AZI (200 mg/kg methanolic defined. Previous reports suggest that between 17- 26 
leaf extract of Azadirachta indica, MEAI, p.o), percent of cases of AKI are directly attributed to drugs 

8,9GEN+AZI (Gentamicin with 200 mg/kg and 400 and chemicals. Beacause the kidneys provide the final 
mg/kg of AZI), 5 minutes after administration of common pathway for the excretion of drugs and their 
Gentamicin for 7 days. Serum total protein, albumin, metabolites, they are exposed to high concentrations of 

10creatinine, urea, sodium, potassium and MDA levels potentially toxic substances.  Many groups of drugs 
were assayed using standard procedures. Renal precipitate renal dysfunction as side effects, generally 

11, 12histopathological study was also conducted. All data affecting the renal tubular cells and renal papillae.
were expressed as means ± SEM and significance were Gentamicin is an amino glycoside antibiotic 
accepted at p<0.05. that is commonly used as first-line treatment of life-

Gentamicin caused impaired renal function threatening infections. However, gentamicin treatment 
with increased serum urea, creatinine and MDA, has been associated with adverse renal conditions 
decreased sodium, potassium, total protein and particularly nephrotoxicity in clinical and experimental 

13,14,15albumin levels. Histopathology revealed altered renal animal cases. While the cause of gentamicin-
histoarchitecture. However, treatment with MEAI induced nephrotoxicity is yet to be fully elucidated, 
especially the 400 mg/kg dose, improved renal decreased urea/creatinine clearance, accumulation of 
function, restored total protein and decreased MDA in reactive oxygen species (ROS) and pro-inflammatory 

15,16Gentamicin-induced Nephrotoxicity. cytokines were previously reported.
Taken together, MEAI shows capacity to The relevance of herbal medicine has 

improve renal function and histology by attenuating continued to grow due to the bio-effectiveness of plants 
lipid peroxidation in Nephrotoxicity induced by of ethnobotanical origin in the management of 
gentamicin. infections and chronic diseases at lesser cost and easier 

17
accessibility, especially to low resource people.  

Keywords: Nephrotoxicity, Gentamicin, Azadirachta indica (Neem) is a member of the 
Azadirachta indica, Malondialdehyde Meliaceae family found in Africa, Asia and Arabian 

countries. Its leaves, bark and fruits are attributed with 
Introduction numerous therapeutic benefits against malaria, 
Nephrotoxicity is a major cause of acute kidney injury infections, hyperglycemia, inflammation, gastric ulcer 
(AKI), a condition that affects about 13.3 million 18and tumors. The flavonoids constituents are 1,2,3people globally. It is usually characterized with appreciated for the potency of Azadirachta indica to 
impaired glomerular filteration, electrolyte imbalance, 1 9

prevent  microbia l  growth, scavenge f ree  
andistorted renal architecture. 20 21

radicals, decrease angiogenesis  and induce cancer 
22

cells apoptosis.  Previous experimental investigations 
observed that extract of Azadirachta indica 

23ameliorated neurotoxicity  and cisplatin –induced 
25renal dysfunction.  This study sought to investigate the 

potential of MEAI in ameliorating nephrotoxicity-
linked impaired renal function caused by gentamicin 
exposure in male Wistar rats.
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Methodology Experimental Design
Experimental Animals: Control group received vehicle, while GEN 
Twenty-five (25) male Wistar rats (mean weight: group was administered with gentamicin (21.16 
184.05g) were purchased from a commercial breeder in mg/Kg, i.p). MEAI200mg/kggroup received 
Ilorin, Kwara State and kept in the animal house of the 200mg/kg body weight of Azadirachta indica, while 
Department of Biochemistry, Ladoke Akintola GEN+MEAI200mg/kgand GEN+MEAI received 400mg/kg

University of Technology, Ogbomoso, Nigeria. The treatment with 200mg/kg and 400 mg/kg respectively 
animals were separated into five (5) groups (n=5). They of MEAI orally. 
had access to feed and tap water and were maintained 
under standard environmental conditions of Biochemical Assays
temperature, relative humidity, and 12-h dark/ light Renal function test. 
cycle. The NIH Guide for the care and use of Serum urea, creatinine, protein and albumin 
Laboratory animals was adhered to.  Animals were were determined colororimetrically using reagent kit 
euthanized, blood samples collected and centrifuged from Randox Diagnosticka. Serum Sodium and 
for 10 min at 3000 rpm to separate serum. The kidneys Pottassium levels were determined colorimerically 
were excised and fixed in 10% formal saline prior to using reagent kits from Teco.
hematoxylin and eosin staining.

Assessment of Lipid Peroxidation 
Identification of Plant Material Lipid peroxidation was determined by 

The leaves of Azadirachta indica were measuring the thiobarbituric acid reactive substances 
collected in its natural habitat in and around Ladoke [TBARS] produced during lipid peroxidation as 
Akintola University of Technology, Ogbomoso, described by Niehaus and Samuelson (1968).
Nigeria. Identification and botanical authentication of 
plant was carried out in the Department of Pure and Statistical Analysis.
Applied Biology of the institution given voucher Result Values were expressed as mean ± SEM 
number LAU 979. (standard error of mean) for five rats in each group. The 

comparison of data within groups was performed by 
Preparation of Methanolic Leaf Extract of one-way analyses of variance. Significant difference 
Azadirachtaindica (MEAI) between groups was assessed by Duncan's multiple 

The leaves of Azadirachta indica were range tests using p < 0.05.
macerated and shade dried at room temperature. Fine 
powder was made using grinder mixture. 200g powder Results
material of Azadirachta indica was mixed with 600ml Effect of MEAI on serum urea, creatinine and 
of 95% methanol at room temperature for 72hours. m a l o n d i a l d e h y d e  i n  G e n t a m i c i n - i n d u c e d  
After 3days, the mixture was sieved and supernatant Nephrotoxicity in male Wistar rats.
collected. The solvent was extracted from the mixture Administration of gentamicin significantly 
using distillation separation unit. A semi solid extract increased serum urea, creatinine and MDA levels 
was obtained after complete elimination of alcohol. compared with control. While administration of 
The residue was kept in the refrigerator for further use. 200mg/kg of MEAI in normal rats did not alter serum 

urea and MDA level but creatinine level was markedly 
Gentamicin decreased compared with control. Treatment of 

Commercial gentamicin (80mg) was obtained gentamicin-induced rats with 200mg/kg of MEAI 
from Akol Pharmacy, Ogbomoso. And intraperitoneal significantly elevated serum urea level, but reduced 
route of administration was adopted. creatinine level. However, higher dose of MEAI 

(400mg/kg), significantly reduced urea and creatinine 

Table 1 :Showing the effect of MEAI  on serum  urea,  creatinine  and malondialdehyde  (MDA)  in 
Gentamicin-induced Nephrotoxicity in male Wistar  rats  

Parameters
 

Control
 

GEN
 

MEAI200mg/kg  
GEN+MEAI200mg/kg  

GEN+ MEAI
 

400mg/kg  
Urea (mg/dL)

 
30.37±1.86a

 143.96±8.01b,c
 31.48±4.49a

 152.08±9.67c
 114.65±21.73b

 
Creatinine 
(mg/dL)

 

1.22±0.33a,b

 
2.70±0.37c

 
0.87±0.18a

 
2.00±0.27b,c

 
1.37±0.31a,b

 

MDA(ìmol/g)

 

1.40±0.00a

 

2.03±0.03c

 

1.42±0.12a

 

1.80±0.00b

 

1.52±0.10a

 Data were expressed as mean ±SEM. Mean that does not share the same letters in the same line are 
significantly different.Statistical significance was consideredat p<0.05.

 

 



levels while both doses of MEAI significantly structure with severe necrosis of convoluted tubules 
attenuated MDA level. and collecting ducts(B). The stroma was edematous 

and tissue was infiltrated by numerous chronic 
Effect of MEAI on serum total protein and albumin inflammatory cells suggesting severe tubular necrosis. 
in Gentamicin-induced Nephrotoxicity in male Normal rats receiving 200mg/kg of MEAI, 
Wistarrats. histopathological examination (C) show partially 

Administration of Gentamicin caused normal kidney architecture but there is compression of 
significant decreases in serum total protein and the collecting tubules, junction of glomerular capsule 
albumin levels when compared with control. Normal and proximal convulated tubules. In GEN+200mg/kg 
rats administered with 200mg/kg of MEAI showed of MEAI group, there was mild interstitial edema, mild 
significant decrease serum total protein level compared degree of glomerular congestion and few congested 
with control, while albumin level did not change. blood vessels(D). The tissue was sparsely infiltrated by 
Treatment of gentamicin-induced rats with 200mg/kg chronic inflammatory cells with the visceral and 
of MEAIled to a significant decrease in serum level of parietal layers of the glomerular capsules are impaired, 
total protein but not albumin, however, treatment with showing moderate tubular necrosis. GEN+400mg/kg 
400mg/kg of MEAI did not increase serum total protein of MEAI group, histopathological examination (PE) 
and albumin levels. show mild interstitial edema and moderate degree of 

glomerular congestion indicating moderate tubular 
Effect of MEAIon serumsodium and potassium necrosis with significant reversal of inflammatory 
c o n c e n t r a t i o n  i n  G e n t a m i c i n - i n d u c e d  changes and hemorrhage. 
Nephrotoxicity in male Wistarrats.

Gentamicin significantly reduced serum level Discussion
of sodium, but increased potassium level when Despite its therapeutic benefit against bacterial 
compared with control. While administration of infections, the adverse effects of gentamicin are well 

13,15200mg/kg of MEAI in normal rats significantly reported in humans and experimental animals.  
increased serum sodium and potassium level. Nephrotoxicity represents the most common side effect 
Treatment of Gentamicin-induced rats with both of gentamicin treatment that worsens renal function 

1,26,27200mg/kg and 400mg/kg of MEAI restored serum and cause tubular epithelial damage.  Data from this 
sodium level but further elevated serum potassium study reveal that gentamicin administration caused 
level. nephrotoxicity accompanied by elevated serum urea 

and creatinine, electrolyte disturbance, lipid 
Histopathological Evaluations peroxidation and reduced protein and albumin levels in 

Control group revealed kidney tissue having male Wistar rats. However, aqueous leaf extract of 
normal histoarchitecture (A). GEN distorted kidney 

Table 2:Showing  effect of MEAI  on serum total protein and albumin in Gentamicin -induced 
Nephrotoxicity in male Wistar  rats  

Parameters  Control  GEN  MEAI200mg/kg  GEN+MEAI200mg/kg  GEN+ MEAI
 

400mg/kg  
Total protein 
(g/dL)

 

7.02±0.56a
 6.08±0.36a,b

 6.52±0.38a
 5.32±0.36b

 6.50±0.88a
 

Albumin (g/dL)
 

3.27±0.14a

 
2.38±0.09b

 
3.21±0.16a

 
2.28±0.36b

 
2.82±0.19a

 
Data were expressed as mean ±SEM. Mean that does not share the same letters in the same line are 
significantly different.Statistical significance was consideredat p<0.05.

 

 Table 3:Showing e ffect of MEAI

 

on serumsodium and potassium in Gentamicin -induced 
Nephrotoxicity in male Wistarrats

 Parameters

 

Control

 

GEN

 

MEAI200mg/kg 

 

GEN+MEAI200g/kg

 

GEN+ MEAI

 

400mg/kg

 
Sodium 
(mmol/L)

 

136.57±11.70a

 

114.78±5.54b

 

147.58±2.85a

 

132.84±1.49a

 

130.52±4.12a,b

 Potassium 
(mmol/L)

 

4.50±0.48a

 

5.18±0.30a

 

5.78±0.63b

 

5.90±0.58a,b

 

6.90±0.24b

 Data were expressed as mean ±SEM. Mean that does not share the same letters in the same line are 
significantly different.Statistical significance was consideredat p<0.05.
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caused elevated serum levels of urea and creatinine. MEAI, especially the maximum dose (400 
Healthy rats given 200mg/kg of MEAI had no change mg/kg),improved renal dysfunction in gentamicin-
in serum urea level, but creatinine level shows exposed male Wistar rats.
reduction. However, treatment with 200mg/kg of Urea and creatinine serum levels are 
MEAI raised serum urea level but reduced creatinine commonly accepted clinical measures of renal 
level in gentamicin-induced rats, while 400mg/kg of function. Altered renal clearance of both urea and 
the extract attenuated both urea and creatinine levels. creatinine is associated with impaired renal 

29,30 These results are in agreement with findings from a function.  From our data, gentamicin administration 

 

A B 

C D 

E 
1. Haematoxylin and Eosin (H&E) stain 
photomicrographs showing kidney of rat in 
control group [A], GEN- administered  group 
[B], 200mg/kg of MEAI- administered group 
[C], 200mg/kg of MEAI treatment in GEN- 
administered group [D], and 400mg/kg of MEAI 
treatmentin GEN-administered group [E].
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24 and did not change albumin level. Gentamicin-induced recent study.
rats given 200mg/kg of MEAI exhibit decreased serum Sodium and potassium are key ions necessary 
total protein level, but did not alter albumin level, while for osmotic balance of body fluid. Drug-induced renal 
treatment with 400mg/kg of MEAI did not restore total dysfunction is associated with electrolytes 

32,33 protein and albumin levels.disturbance.  Gentamicin administration in this study 
Gentamicin-induced renal damage ranges caused significant decrease in serum sodium level but a 

from alterations in tubular reabsorption, loss of renal marked increase in potassium level. Our observations 
40,41,42

microstructure to necrosis of proximal tubule cells.  suggest that impaired renal function by gentamicin 
In this study, gentamicin caused tubular epithelial administration engender ionic imbalance, particularly, 
damage with intense granular degeneration. The hyperkalemia with increased urinary sodium excretion 
presence of the tubular necrosis, epithelial loss and that is usually accompanied with fluid loss. In the study 

28 degeneration of glomeruli has been previously of Medic et al, unchanged serum sodium ion level was 
43reported. Cellular injury could lead to infiltration with reported following gentamicin administration. From 

numerous inflammatory cells causing fluid our data, 200mg/kg of MEAI administration in healthy 
accumulation, cellular congestion and kidney rats, elevated serum sodium and potassium levels 
hypertrophy. Moreso, the mesangial cell network, compared with control. However, both doses of MEAI 
which maintains the renal vasoelasticity is disrupted by restored serum sodium level towards control but serum 
gentamicin. Healthy rats administered with 200mg/kg potassium level was raised above control level in 
of MEAI only displayed mild changes in renal gentamicin-exposed rats taking 400mg/kg of MEAI 
architecture without any severe damage. Following showing that at maximum dose, the extract could 
treatment of gentamicin-induced rats with both 200 worsen hyperkalemia. Normally, elevated circulating 
mg/kg and 400 mg/kg of MEAI treatment, mild potassium would elicit â-adrenergic response as a short 

+ recoveries were observed, although micrograph from term regulatory mechanism to drive K  into the cells 
+ + 31 the 400 mg/kg dose shows improved recovery when through the Na /K  ATPase pump,  although this wasn't 

compared with that of the lower dose. This suggests verified in this study. 
that treatment with methanolic leaf extract of Oxidative stress results from excessive ROS 
Azadirachta indica ameliorated nephrotoxicity-production in organs with corresponding failure of their 

34,35,36 associated histopathological alterations which is in line clearance by innate antioxidants. ROS may 
24

with the work of Abireh et al.produce cellular injury and necrosis via mechanisms 
including lipid peroxidation, protein denaturation and 

ConclusionDNA damage. In the present study, a marked increase 
Summarily, treatment with MEAI in in lipid peroxidation (MDA) was observed following 

gentamicin-induced nephrotoxic rats improved renal gentamicin administration. This observation is 
28 function and histoarchitecture. Marked ameliorative supported by the findings of Medic et al., . 

effects were observed in gentamicin-induced that Gentamicin-induced generation of MDA could alter 
received maximum dose of MEAI (400mg/kg) renal function and speed up renal injury 

37,38, compared with the lower dose(200mg/kg) of the progression.  because the nephrons are delicate 
extract.  Existing studies have attributed the protective structures that are easily predisposed to damage of any 
activity of MEAI to the antioxidant and anti-sort. In this study, healthy rats that were administered 
inflammatory phytochemical constituents. Findings in 200mg/kg of MEAI did not show changes in MDA 
this study justify the potency of the extract to level. However, treatment of gentamicin-administered 
significantly attenuate lipid peroxidation, restore blood rats with both 200mg/kg and 400mg/kg of MEAI 
proteins and enhance renal function in the MEAI significantly decreased MDA level. The report of 
extract-treated rats. Moneim et al. showed that MEAI ameliorated lipid 

23peroxidation in Cisplatin-induced nephrotoxicity,  
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