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Abstract 
Momordica charantia (MC) or bitter gourd is widely known for its antidiabetic properties. The aim of the present study was to observe the 
protective effect of MC extract on the kidneys of streptozotocin-induced diabetic rats. Eighteen male Sprague–Dawley rats (n=18) weighing 
200±50 g were taken for the study. The study comprised of three groups i.e. a non-diabetic, diabetic untreated and diabetic treated with 
MC extract, with each group comprising of six (n=6) rats. Diabetes was induced in the overnight fasted rats by intramuscular injection of 
streptozotocin (50 mg/kg body weight). The MC extract (50 mg/kg body weight) was administered via oral gavage. Both the kidneys were 
collected on the tenth day following treatment. Histological study using Verhoeff’s van Gieson (VvG) and Periodic Acid–Schiff (PAS) stains 
were performed. The kidneys of the diabetic rats showed thickening of the basement membrane of the Bowman’s capsule, edema and 
hypercellurarity of the proximal tubules, necrosis and hyaline deposits. These features were found to be reversed when the MC extract was 
administered to the experimental animals. The MC extract acted as an antioxidant thereby preventing the oxidative damage involved in the 
diabetic kidney. The administration of MC extract prevents oxidative damage in diabetic nephropathy. 
Keywords: Momordica charantia, bitter gourd, antioxidant, diabetes, kidney, microscopic changes. 

 Introduction 

Diabetes mellitus (DM) is one of the most common 
endocrine disease in the world characterized by the state 
of hyperglycemia. It is a systemic disease caused by 
defect in the insulin secretion, insulin action or even 
both [1]. Interestingly, this common metabolic disorder 
has a prevalence rate varying between 1–50% [2].  

Unfortunately, DM in the younger age group has 
been on the rise and there is an urgent need to combat 
this disease. DM patients are prone to some long-term 
complications like nephropathy, retinopathy and 
neuropathy [3]. These long-term complications resulted 
in diabetic patients’ life expectancy accounting to only 
two-thirds of the general population [4].  

In our previous research, we had even created 
animal model of DM to observe the wound healing and 
liver degenerative changes [5, 6]. The popularity in 
using traditional medicine to treat DM has been on the 
rise, in the recent years. Many medicinal herbs through 
its hypoglycemic and antioxidant action may protect the 
organs involves in DM patients. This prompted us to 
experiment the herbal extract on the diabetic kidney. 

MC has been commonly consumed as a vegetable 
and used as a medicinal herb in India, China and Africa 
[7]. The vegetable is also consumed in various parts of 
India, Pakistan and South East Asia. MC hails from the 
Cucurbitaceae family. Past reports depict that it is 
helpful in treating wound, ulcer, dysmenorrhea, eczema, 
gout, jaundice, kidney stone, leprosy, leucorrhea, piles, 
pneumonia, psoriasis, rheumatism and scabies [7]. 
Earlier studies performed with MC extract have demon-

strated its antidiabetic, antiviral, antitumor, antileuke-
mic, antibacterial, antihelminthic, antimutagenic, anti-
mycobacterial, antioxidant, antiulcer, anti-inflammato-
ry, hypocholesterolemic, hypotriglyceridemic, hypoten-
sive, immunostimulant and insecticidal properties [7, 8]. 

Keeping in view the protective effect of MC in 
various diseases especially DM, the present study was 
undertaken to observe the histological changes on both 
kidneys of streptozotocin-induced diabetic fed with MC 
extract and then compared to those which were either 
normal or untreated. Our study on the histology of the 
kidney damage could help in better understanding of the 
damage caused in the kidneys in DM and highlight the 
protective action of the MC extract. 

 Material and Methods 

Study groups of animals 
A total of eighteen male Sprague–Dawley rats 

weighing 200±50 g were obtained for the study.  
Prior ethical permission was obtained from the Animal 
Ethics Committee of Universiti Kebangsaan Malaysia 
(UKMAEC).  

The animals were divided into three groups i.e. a 
non-diabetic control (group I), diabetic untreated (group 
II) and diabetic treated with MC extract orally (group 
III) with each group comprising six (n=6) rats. Prior  
to the study, the animals were acclimatized to their 
surroundings for five days. The rats were fed with 
commercial rat feed and water ad libitum and were 
maintained under controlled environmental conditions 
(12-hour light/dark cycle).  
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Preparation of MC extract 

Fruits of the MC were purchased from local Chow 
Kit market in the city of Kuala Lumpur. The extract was 
prepared based on a previous protocol [5, 6]. The fruit 
was cut into slices, dried in a 450C oven and then 
grounded to powdered-form, which was kept, until use. 
The MC extract was prepared by mixing 1 kg of MC 
powder into 1 L of boiling water for an hour. The MC 
extract was then filtered using a coarse sieve and the 
residue was re-extracted twice under the same condi-
tions. The filtrate was combined and spray-dried to 
obtain the powdered form of MC extract. The yield 
obtained was about 8.14% and was stored at room 
temperature until use.  

Induction of diabetes 

Earlier in our studies, we had used the method of IV 
administration of STZ [5, 6], but we embarked on this 
study with a different method i.e. by intramuscular (IM) 
route. DM was induced in the overnight fasted rats by IM 
injection of STZ (50 mg/kg body weight) as per an ear-
lier protocol [9]. The fasting blood glucose was checked 
with a glucose reagent strip and a glucometer (Advan-
tage, Germany) three days following the STZ injection. 
The rats were considered diabetic when their fasting 
blood glucose levels were greater than 8 mmol/L [9].  

Treatment and sample collection 

Treatment of the rats began 10 days after the induc-
tion of diabetes. Each rat in the treated group received 
50 mg/kg body weight of MC extract orally via oral 
gavage daily for 10 days. During the experimental 
period, the body weight and fasting blood glucose  
were monitored. Both the kidneys of all the rats  
were collected on the 10th day following treatment.  
The collected tissues were fixed in 10% formalin, 
dehydrated through graded alcohol series (50–100%), 
cleared in xylene and embedded in paraffin wax. 
Sections of 5-µm thickness were made and stained with 
Verhoeff’s van Gieson (VvG) and Periodic Acid–Schiff 
(PAS). These stains were used as per standard 
histological procedures [10]. Photomicrographs of the 
stained slides were taken using a light microscope 
(Leica, Germany) attached to a digital camera (Pixelink, 
Canada). The software programme used to take the 
photographs was VideoTesT–Master Morphology, 
version 4 (VideoTesT, Russia). 

Statistical analysis 

We used the analysis of variance (ANOVA) follo-
wed by post-hoc Student–Newman–Keuls test to esta-
blish allowable comparisons. In all cases, a p value of 
less than 0.05 was considered to be significant. Statisti-
cal analysis was done using SPSS version 11.5 software. 

 Results 

STZ-induced diabetes in rats 

Following the IM administration of STZ, there was 
an increase in the fasting blood glucose level. On the  
3rd day following the STZ administration, the fasting 

blood glucose level in the diabetic and the non-diabetic 
rats were found to be 13.23±0.98 mmol/L and 4.65± 
0.25 mmol/L, respectively. Following 10 days of treat-
ment with the MC extract, the diabetic rats showed  
a decrease in the fasting blood glucose level (16± 
1.6 mmol/L) as compared to the untreated diabetic rats 
(27.3±1.49 mmol/L) (Figure 1). 

 
Figure 1 – The effect of MC extract on fasting blood 
glucose level in non-diabetic rats, untreated and 
treated diabetic rats. The fasting blood glucose level 
was markedly raised in the diabetic rats as compared 
in the non-diabetic rats. Treatment with MC extract 
for 10 days significantly reduced the fasting blood 
glucose level. Group II and III were compared to 
group I. *Values were statistically significant at 
p<0.05. 

The diabetic rats were found to have a decrease in 
the body weight with features of polyuria, hyperphagia 
and polydipsia as compared to the non-diabetic rats.  
At the end of the study, it was observed that the  
non-diabetic rats gained weight (59.85±5.22 g) in 
comparison to the diabetic rats, which lost weight 
(23.84±9.50 g). Prior to the sacrifice, the diabetic rats 
treated with the MC extract showed an increase in 
weight (15.43±5.23 g) (Figure 2). 

 
Figure 2 – The effect of MC extract on body weight 
in non-diabetic rats, untreated and treated diabetic 
rats. Group II and III were compared to group I. 
*Values were statistically significant at p<0.05. 

Weight changes in the kidney 

The entire dissected kidney in the untreated diabetic 
rats weighed 0.64±0.04 g/100 g body weight in 
comparison to the kidneys of non-diabetic rats, which 
weighed 0.45±0.01 g/100 g body weight. Treatment with 
the MC extract showed a decrease in the kidney weight, 
which was observed to be 0.42±0.03 g/100 g body 
weight (Table 1). 



Histological changes in the kidneys of experimental diabetic rats fed with Momordica charantia (bitter gourd) extract 

 

93
  

Table 1 – The effect of MC extract on kidney weight in non-diabetic rats, untreated and treated diabetic rats 
Groups Parameter 

Non-diabetic Diabetic Diabetic + MC 
Kidney weight [g] 1.28±0.03 1.25±0.08 0.96±0.04 
Kidney weight / 100 g body weight 0.45±0.01 0.64±0.04* 0.42±0.03 
All data are expressed as mean±SEM. *p<0.05 vs. the non-diabetic group. Diabetic rats showed renal hypertrophy. Treatment with the MC 
extract prevented renal hypertrophy. 
 

Histopathological changes 

Histological study of the normal kidney of the non-
diabetic rats revealed normal glomerulus surrounded by 
the Bowman’s capsule, proximal and distal convoluted 
tubules without any inflammatory changes. The kidneys 
of untreated diabetic rats showed degenerated glomeruli 
infiltrated by the inflammatory cells and thickening of 
the basement membrane. The proximal convoluted 
tubule exhibited edematous changes with deposition of 
mucopolysaccharide and hyaline substances. All the 

necrotic changes observed in the proximal and distal 
convoluted tubules along with the deposits were found 
to be absent in the diabetic rats treated with the MC 
extract. The group that was treated with MC extract 
showed features of healing i.e. normal glomerulus, 
absence of inflammatory cells, normal basement 
membrane and capillaries, decrease in the mucopoly-
saccharide and hyaline deposit, respectively. The tissue 
necrosis was also observed to decrease in the group 
treated with MC extract (Figures 3 and 4).  

 

 
Figure 3 – (a) Photograph of histological section of a normal kidney using the VvG stain (×40); (b) Photograph of 
histological section of the diabetic kidney (non-treated) using the VvG stain (×40). The necrotic area of the 
glomerulus in the diabetic kidney is shown with white arrows. The thickening in the basement membrane and the 
edematous proximal convoluted tubule could be well observed; (c) Photograph of histological section of the diabetic 
kidney (treated with MC extract) using the VvG stain (×40). Features of healing like normal basement membrane, the 
absence of necrotic cells in glomerulus and the absence of any edema in the proximal convoluted tubule could be 
easily appreciated. BC – Bowman’s capsule; G – glomerulus; P – proximal convoluted tubule. 

 
Figure 4 – (a) Photograph of histological section of the normal kidney using the PAS stain (×40); (b) Photograph of 
histological section of the diabetic kidney (non-treated) using the PAS stain (×40). The proximal convoluted tubule 
showed hypercellularity with edema (E) and mucopolysaccharide deposits (D) were found; (c) Photograph of 
histological section of the diabetic kidney (treated with MC extract) using the PAS stain (×40). The edematous 
changes and deposition of mucopolysaccharide were not observed. G – glomerulus; P – proximal convoluted tubule; 
E – edematous proximal convoluted tubule; D – mucopolysaccharide deposits. 
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 Discussion 

STZ selectively destroys the pancreatic β-cells, 
which causes the inhibition of synthesis and release of 
insulin thereby leading to the onset of DM [11, 12]. 
Usually, STZ-induced diabetic rats are accompanied 
with other clinical features i.e. hyperphagia, polyuria, 
polydipsia, weight loss that stimulate a similar condition 
as seen in the human beings [12]. Perhaps, this is the 
reason why STZ is widely used in the induction of 
experimental diabetes. Many earlier research studies in 
our laboratory had used the IV route for STZ admini-
stration [5, 6]. However, at our level we followed the 
IM route for the first time which was also based on a 
past research study [9]. In the present study, using the 
IM STZ, it was observed that the fasting blood glucose 
levels increased three days following the IM injection 
(50 mg/kg body weight) and remained elevated throu-
ghout the entire experimental period.  

Treatment with the MC extract in the STZ-induced 
diabetic rats orally showed a significant decrease 
(p<0.01) in the fasting blood glucose levels as compared 
to the untreated diabetic rats. However, the fasting 
blood glucose levels remained above 8 mmol/L. MC 
extract had been reported to exhibit anti-hyperglycemic 
effect in the streptozotocin or alloxan-induced diabetic 
rats as reported by previous researchers [13, 14].  

Interestingly, the diabetic nephropathy has been 
considered an important cause of mortality and 
morbidity and many of the end stage renal failure results 
due to diabetic nephropathy [15]. STZ-induced diabetic 
rodents result in development of nephropathy similar to 
the early stage of human diabetic nephropathy [16].  
In the diabetic animals, a significant increase in the 
kidney weight was observed. The result of this study is 
in accordance with the findings of earlier research 
studies [17–19]. It has been described that the kidney 
enlargement in DM is attributed to certain factors like 
glucose over-utilization and subsequent enhancement in 
increase uptake, glycogen accumulation, lipogenesis 
and protein synthesis in the kidney tissue [20–22].  
The MC extract administered to the diabetic rats 
successfully prevented the enlargement of the kidney. 

The histological study performed on the kidneys  
of diabetic rats showed damage to the glomerulus, 
thickened basement membrane and edematous proximal 
convoluted tubule with increase in mucopolysaccharide 
deposits which were found to be absent in the diabetic 
kidneys treated with MC extract. A previous study had 
also reported similar histological findings [20, 23]. 
Admittedly, the research study was carried out in 
shorter duration and this might be insufficient for 
significant vascular changes in the kidney of the 
diabetic rats. The treated diabetic rats however showed 
healing features, which resembled that of a normal 
kidney. 

 Conclusions 

The results of the study showed that diabetic kidney 
changes may be protected by administration of MC 
extract. The MC extract possibly acts as an antioxidant 

thereby checking the oxidative damages to the 
microstructure of the kidney. Further studies maybe 
needed to corroborate additional findings.  
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