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ARTICLE INFO 
 ABSTRACT  

  The study was carried out to evaluate the efficacy of bitter gourd extract (BGE) and zinc oxide 
nanoparticles (ZnONPs) against streptozotocin (STZ) induced diabetes nephropathy (DN) in male 
Swiss Albino mice. Multiple intraperitoneal (IP) injection of STZ was used to induce diabetes in 
experimental mice and were divided into five groups viz., T0 = control (no diabetes and no 
treatment), T1 = STZ-induced DN without treatment, T2 = STZ-induced DN treated with BGE, T3 = STZ-
induced DN treated with ZnONPs and T4 = STZ-induced DN treated with both BGE and ZnONPs. The 
respective groups received single oral daily dose of BGE @ 5g kg-1 body weight and ZnONPs @ 8 mg 
kg-1 body weight, where control and T1  groups were given normal distilled water orally. Data were 
recorded on blood glucose level, blood urea nitrogen levels and serum creatinine at 5 days after STZ 
administration and thereafter 7, 14 and 21 days after administration of bitter gourd extract and ZnO 
nanoparticles. Bitter gourd extract and ZnONPs were found operative to reduce the blood glucose 
level, creatine level and blood urea nitrogen level in nephropathic mice where combined effect was 
more effective than the individual effects against diabetic nephropathy. The findings provide 
considerable evidence about the efficacy of BGE and ZnONPs which could help to design the clinical 
application of BGE and ZnONPs on a standardized formulation to protest the development of 
diabetic nephropathy. However, BGE and ZnONPs possess a potential anti-diabetic as well as anti-
nephropathic activity, which could be validated by further mechanistic investigations. 
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Introduction 

Diabetic nephropathy is one of the vital microvascular 
hitches of diabetes mellitus has become a worldwide 
epidemic, accounting for approximately one third of all 
cases of end-stage renal disease. According to the 
World Health Organization, diabetes causes 1.5 million 
deaths each year worldwide (Souto et al., 2019) and the 
number of diabetic patients is increasing at an alarming 
rate all over the world (Souto et al., 2019; Vieira et al., 
2019; Lin and Sun, 2010). The development of several 
medications with multiple modes of actions having 
glucose-lowering activity is needed to manage diabetes. 
There is currently a great interest of medical and food 
industry in the detection of anti-diabetic compounds 
with pharmacological potential from natural source 

without any side effects or at least with minimal side 
effects. Due to the high cost and side effects of 
chemical drugs today, it has become a top priority to 
study on plants used in traditional medicine to achieve 
further progress in medical sciences. Herbal remedies 
are natural substances with lower risk of side effects. 
Many of these herbs provide a rich source of natural 
anti-diabetic compounds that can curtail the side 
effects of chronic diabetics. 
 
Bitter gourd (Momordica charantia) a popular vegetable 
was found to possess antiviral, antibacterial, anti-HIV, 
anticancer, and immunomodulatory properties with 
great attention on its blood glucose-lowering effect 
(Grover and Yadav 2004). Bitter gourd fruit contains 
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charantin, polypeptide-P insulin, and lectins which are 
useful substances to decrease blood glucose level 
(Meles et al., 2019). Saponins, flavonoids, polyphenols, 
and vitamin C from the bitter gourd acts as antioxidants 
that prevent the free radicals which can interfere with 
the presence of leydig cells due to diabetes mellitus 
(Meles et al., 2017). In addition, the vegetable has 
shown promising effects in preventing as well as 
delaying in progression of diabetic complications 
(nephropathy, neuropathy, gastroapresis, cataract and 
insulin resistance) in animals (Grover et al., 2001; Rathi 
et al., 2002; Sathishsekar and Subramanian, 2005) 
mediated by insulin-like activity of a polypeptide-p 
(phyto-insulin) and enhancement of pancreatic beta 
cell.  
 
In recent decade, the use of nanomedicine has 
increased exponentially, being utilized for diagnosis, 
prevention and treatment of different diseases (Rizzo et 
al., 2011). As an important agent of nanomedicine, zinc 
oxide nanoparticles (ZnONPs), a novel source of zinc, 
have great implications in many disease therapies 
including diabetes mellitus (Tang, 2019). The loading of 
insulin and other sugar-lowering drugs and 
nutraceuticals into nanoparticles has been proposed as 
a more convenient, non-invasive and safer approach 
through alternative administration routes (Souto et al., 
2019). Zinc (Zn) has been reported to play pivotal role in 
blood sugar maintenance and used in diabetes therapy 
(Arthur and Chausmer, 1998). Studies showed that zinc 
oxide nanoparticles (ZnONPs) had anti‐hyperglycemic, 
anti‐oxidative stress and anti‐inflammatory effects in a 
diabetic animal model (Jiang et al., 2018). Haase et al., 
(2008) reported that, over 300 enzymes in the body are 
activated by zinc and it plays a key role in different 
metabolic pathways, including glucose metabolism. Zinc 
is also known to keep the structure of insulin (Sun et al., 
2009) and plays a vital role in insulin biosynthesis, 
storage and secretion (Edmin et al., 1980). It has been 
proved by researches that several zinc transporters in 
pancreatic β-cells like zinc transporter-8 have a potent 
role in insulin secretion (Rungby, 2010; Smidt et al., 
2009). Human system acquires Zn in traces and vital for 
many biological functions in the human body (Auld, 
2001; Kim and Ahn., 2014). Generally, compounds 
having Zn are considered toxic for mammals and plants 
(Husen, 2020) but ZnONPs are generalized more 
biocompatible and safer to take over time when used in 
amounts not greater than 40 mg daily. Excess zinc is 
readily removed from the body via excretion in feces or 
removed from the blood by the pancreas or liver 
(Wafaey et al., 2024; McClung and Cai, 2014). It has 
been well established and highly publicized in research 
literature and clinical use that antioxidants, like zinc, are 
not only good for human health, but also good for 
diabetes (Kim and Ahn., 2014). Zinc happens to be a 

strong inducer of metallothionien making zinc a great 
candidate for helping to prevent the onset or 
progression of diabetes and diabetes complications 
(Jayawardena et al., 2012). Moreover, ZnONPs coated 
with some polymeric material is considered effective 
against wound healing, ulcers and a strong 
antimicrobial along with cancer treatment (Siddiqi and 
Husen, 2017). Synthesizing ZnONPs has anti-oxidant, 
hypoglycemic and anti-inflammatory properties, and 
may be used in a variety of biomedical sectors 
(Rajakumar et al., 2018). Hence, the development of 
zinc-based agent would be promising in the treatment 
of diabetes and its associated complications as zinc 
supplement have shown ameliorating effect in 
preclinical studies (Tang, 2019; Ukperoro et al., 2010). A 
new and exciting research field has set out to unveil the 
mystery of zinc-based nanoparticles for curing the 
diabetes mellitus and its allied complications. 
 
Considering the fact, the investigation was carried out 
to evaluate the efficacy of bitter gourd extract and ZnO 
nanoparticles as therapeutic agents on the biochemical 
alterations of diabetic mice in order to develop a 
treatment model against diabetic nephropathy using 
herbal and nanoparticles. 
 
Materials and Methods 

Site and duration 
This study was performed at Department of Physiology 
and Pharmacology, Faculty of Veterinary and Animal 
Sciences, Hajee Mohammad Danesh Science and 
Technology University, Dinajpur during March 2022. 
 
Collection and management of experimental animals 
Laboratory Swiss albino mice (male, 10-15 g weight and 
3 weeks old) were collected from International Centre 
for Diarrhoeal Disease Research (ICDDR), Dhaka, 
Bangladesh. The mice were allowed to acclimatize in 
the laboratory environment for a week before the 
commencement of the experiment. The mice were 
housed in a wire cage (30×13×15cm3) and exposed to 
12 hours of darkness and 12 hours of light at a 
condition of 25±2°C temperature and 48±5% relative 
humidity. The animals were fed with a standard 
commercial pellet diet @100-150 g kg-1 and ad-libitum 
water through the specific nipple of the water bottle 
throughout the experimental period as recommended 
by ICDDR. The cages of the animals were cleaned 
regularly, and water and food were supplied twice daily. 
 
Induction and confirmation of diabetes in mice 
Multiple intraperitoneal (IP) injection (45 mg kg-1 body 
weight) of streptozotocin (STZ) (Sigma, USA) was used 
to induce diabetes in experimental mice. STZ was 
dissolved in freshly prepared 0.01M sodium citrate 



Mollification of diabetic nephropathy using bitter melon and ZnO 
 

 168 

buffer (pH = 4.5) and administered on mice for 5 
consecutive days. After STZ injection, 5% (w/v) sucrose 
was supplemented for 24 hours to prevent the animals 
from fatal hypoglycemia which might be induced by 
STZ. Control mice received an equivalent amount of 
citrate buffer only. The blood glucose levels were 
measured in all experimental animals before the 
beginning of the experimental procedures. When the 
dosing was completed, STZ-treated mice were kept in 
normal conditions for 5 days. After this period, The STZ-
treated mice were fastened for 12h and blood samples 
were collected from the tail vein for determining the 
blood glucose levels using a glucometer. Mice with 
fasting blood glucose levels higher than 11.10 mmolL-1 

were considered as diabetic and hence they were 
selected for further investigation. Blood urea nitrogen 
and serum creatine of experimental mice were also 
measured for confirming the STZ-induced diabetic 
nephropathy.  
 
Grouping of animals 
For the antidiabetic activity test, the experimental 
procedure of Alkaladi et al., (2014) was followed for 
random grouping of the diabetic mice into four groups 
(T1 = STZ-induced diabetic nephropathy without 
treatment, T2 = STZ-induced diabetic nephropathy 
treated with bitter gourd extract, T3 = STZ-induced 
diabetic nephropathy treated with ZnO nanoparticles 
and T4 = STZ-induced diabetic nephropathy treated with 
both bitter gourd extract and zinc oxide nanoparticles) 
along with a control group (T0 = control; no diabetes 
and no treatment) having six animals in each group. 
Mice were housed in separate metal cages while 
maintaining constant environment and nutritional 
conditions.  
 
Preparation and administration of bitter gourd extract 
and ZnO nanoparticles 
The extract of bitter gourd was prepared following the 
protocol as described by Yoon et al., (2017). Dried 
unripe fruit of bitter gourd was shattered and extracted 
by heating twice at 700C (4 h and 2 h) using 70% 
ethanol. The extract was then filtered and concentrated 
to 15-20 degrees Brix at 650C. The T2 and T3 groups 
received single oral daily dose of BGE @ 5 g kg-1 body 
weight and ZnONPs (a white powder with an amount of 
purity ≥ 99%, Sigma-Aldrich, Germany) @ 8 mg kg-1 

body weight, respectively. Combined oral dose of BGE 
and ZnONPs was applied in T4 group following similar 
rate of T2 and T3. Control group (T0) and group T1 were 
given normal distilled water orally. The treatments 
were given daily on single dose basis and continued up 
to 20 days. 
 
Biochemical determination 
Twenty-four hours after the last administration, blood 
tests were gathered. Blood samples (2.0-3.0 μl blood) 
were collected from the tail vein of all experimental 
groups after overnight fasting and the blood glucose 
levels were determined following the glucose oxidase 
method using the ‘ACCU-CHEK active’ kit at 7, 14 and 21 
days after administration of bitter gourd extract and 
ZnO nanoparticles treatment. Blood urea nitrogen 
levels (BUN) and serum creatinine were determined 
spectrophotometrically using commercially available 
kits (ARCOMEX, Jordan) at 7, 14 and 21 days after 
administration of bitter gourd extract and ZnO 
nanoparticles treatment. 
 
Statistical analyses 
The collected data were analyzed with Statistix 10 
software program for analysis of total variance and the 
means were separated by Tukey test at 5% level of 
probability. 
 
Results  

Effect of STZ administration in inducing diabetes 
resulted in nephropathy 
Figure 1 indicates the blood glucose level, creatinine 
level and blood urea nitrogen (BUN) level of different 
treatment groups before starting the treatment. The 
results showed that after 5 days of STZ administration, 
diabetic mice showed significant (P≤0.05) increment in 
blood glucose (17.83±0.6432, 17.12±0.7024, 
18.00±0.4905 and 17.54±0.5015 mmol L-1 in T1, T2, T3 
and T4 groups, respectively), creatinine (0.71±0.0326, 
0.73±0.0468, 0.69±0.0461 and 0.77±0.0712 mg dL-1  in 
T1, T2, T3 and T4 groups, respectively) and BUN 
(75.34±3.7533, 76.35±3.3316, 74.56±2.4432 and 
77.10±2.2523 mg dL-1 in T1, T2, T3 and T4 groups, 
respectively) compared with the non‐diabetic control 
mice group (6.27±0.3895 mmol L-1 glucose, 0.16±0.0061 
mg dL-1 creatinine and 31.56±0.8434 mg dL-1 BUN).  

 
 
 
 
 
 
 
 
 



Parvez et al. 

 

 169 

A B 

 
 

C 

 
Figure 1. A) Blood glucose, B) creatinine and C) blood urea nitrogen (mean ± standard error) of different treatment 

groups recorded before treated with bitter gourd extract and zinc oxide nanoparticles. 
 

T0 = Control, T1 = STZ-induced diabetic nephropathy (DN) without treatment, T2 = STZ-induced DN treated with bitter gourd extract, 
T3 = STZ-induced DN treated with zinc oxide nanoparticles and T4 = STZ-induced DN treated with both bitter gourd extract and zinc 
oxide nanoparticles. 

 
The mice groups with significant increment in blood 
glucose confirmed that, the mice were induced with 
diabetes, whereas significant increment in creatinine 
and BUN ensured that the mice were suffering with 
kidney disorder as well as nephropathy resulted due to 
STZ induced diabetes. 
 
Effect of bitter gourd extract and ZnO nanoparticles in 
amelioration of blood glucose of diabetic mice 
Extract of bitter gourd, ZnONPs and their combined 
application significantly (P≤0.01) decreased blood 
glucose level in STZ-induced diabetic mice at different 
days after treatment (Table 1). The therapeutic effect of 
bitter gourd extract and ZnONPs gradually decreased 
the blood glucose level of diabetic mice at 7, 14 and 21 

days after treatment (DAT). At initial stage (7 DAT), the 
variation of glucose level of T1 group with T2, T3 and T4 

groups was less but with the advancement of time (14 
DAT and 21 DAT) the variation was found as more. The 
results recorded on blood glucose level depicts that, the 
T0 group showed normal glucose level (6.80±0.2859, 
6.55±0.2429 and 7.33±0.2864 mmol L-1 at 7, 14 and 21 
DAT, respectively), whereas the T1 group showed 
maximum glucose level in blood (18.97±0.5442, 
20.77±1.5963, 18.15±0.4954 mmol L-1 at 7, 14 and 21 
DAT, respectively) but other treatment groups treated 
with bitter gourd extract and ZnONPs showed less 
blood glucose level compared to T1 group which 
indicates the alleviative influence of bitter gourd extract 
and ZnONPs on diabetes.  
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Table 1. Ameliorative effect of bitter gourd extract and zinc oxide nanoparticles on blood glucose level of STZ-
induced diabetic nephropathic mice 

Treatment groups 
Blood glucose (mmol L-1) ± Standard error 

7 DAT 14 DAT 21 DAT 

T0 6.80±0.2859 d 6.55±0.2429 d 7.33±0.2864 d 
T1 18.97±0.5442 a 20.77±1.5963 a 18.15±0.4954 a 
T2 15.75 ±0.6094 b 14.59±0.3141 b 13.92± 0.5091 b 
T3 11.53±0.3926 c 10.77±0.4352 c 10.95±0.2834 c 
T4 11.57±0.4018 c 9.81±0.3873 c 7.15±1.0680 d 

Level of significance ** ** ** 

Critical value for comparison 1.6341 1.7369 1.1726 

Co-efficient of variation (%) 4.69 5.17 3.79 
 

T0 = Control, T1 = STZ-induced diabetic nephropathy (DN) without treatment, T2 = STZ-induced DN treated with bitter gourd extract, T3 = STZ-
induced DN treated with zinc oxide nanoparticles and T4 = STZ-induced DN treated with both bitter gourd extract and zinc oxide nanoparticles, 
DAT = Days after treatment, **Significant at P≤0.01 level of probability. 

 
At 21 DAT, T4 treatment group i.e. the combined 
administration of bitter gourd extract and ZnONPs was 
found as more effective in reducing blood glucose than 
the individual effect of bitter gourd extract and ZnONPs. 
But at 7 and 14 DAT, T3 and T4 groups were found as 
statistically similar and more effective in reducing blood 
glucose than the T2 group. 
 
Effect of bitter gourd extract and ZnO nanoparticles in 
amelioration of creatinine level of nephropathic mice 
Extract of bitter gourd, ZnONPs and their combined 
administration meaningfully (P≤0.01) reduced blood 
creatinine level in STZ-induced diabetic mice at 
different days after treatment (Table 2). The alleviative 
effect of bitter gourd extract and ZnONPs gradually 
decreased the blood creatinine level of diabetic 
nephropathic mice at 7, 14 and 21 days after treatment. 

At initial period after treatment (7 DAT), the variation of 
creatinine level of T1 group with T2, T3 and T4 groups was 
less but with the advancement of time (14 DAT and 21 
DAT) the variation was found as more. The results on 
blood creatinine level indicates that, the T0 group 
showed normal creatinine level (0.14±0.0031, 
0.13±0.0059 and 0.13±0.0063 mg dL-1 at 7, 14 and 21 
DAT, respectively), whereas the T1 group showed 
maximum creatine level in blood (0.60±0.0126, 
0.78±0.0533 and 0.75±0.0549 mg dL-1 at 7, 14 and 21 
DAT, respectively) but other treatment groups treated 
with bitter gourd extract and ZnONPs showed less 
blood creatinine level compared to T1 group which 
expresses the ameliorative effect of bitter gourd extract 
and ZnONPs on blood creatinine level of nephropathic 
mice. 

  
Table 2. Ameliorative effect of bitter gourd extract and zinc oxide nanoparticles on creatinine level of STZ-

induced diabetic nephropathic mice 

Treatment groups 
Creatinine (mg dL-1) ± Standard error 

7 DAT 14 DAT 21 DAT 

T0 0.14±0.0031 d 0.13±0.0059 d 0.13±0.0063 d 
T1 0.60±0.0126 a 0.78±0.0533 a 0.75±0.0549 a 
T2 0.57±0.0268 a 0.42±0.0385 b 0.32±0.0610 b 
T3 0.38±0.0361 b 0.34±0.0190 c 0.22±0.0509 c 
T4 0.22±0.0610 c 0.19±0.0061 d 0.19±0.0502 cd 

Level of significance ** ** ** 

Critical value for comparison 0.0714 0.0704 0.0747 

Co-efficient of variation (%) 6.97 6.99 8.65 
T0 = Control, T1 = STZ-induced diabetic nephropathy (DN) without treatment, T2 = STZ-induced DN treated with bitter gourd extract, T3 = STZ-
induced DN treated with zinc oxide nanoparticles and T4 = STZ-induced DN treated with both bitter gourd extract and zinc oxide nanoparticles, 
DAT = Days after treatment, **Significant at P≤0.01 level of probability. 
 

Among the different treatment groups (T2, T3 and T4), T4 

treatment group i.e. the combined administration of 
bitter gourd extract and ZnONPs was found as more 
operative in reducing creatine level in blood than the 
individual effect of bitter gourd extract and ZnONPs at 
7, 14 and 21 DAT. 

Effect of bitter gourd extract and ZnO nanoparticles in 
amelioration of blood urea nitrogen level of 
nephropathic mice 
Extract of bitter gourd, ZnONPs and their combined 
application significantly (P≤0.001) decreased BUN level 
in STZ induced diabetic mice at different days after 
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treatment (Table 3). The therapeutic effect of bitter 
gourd extract and ZnONPs steadily decreased the BUN 
level of diabetic nephropathic mice at 7, 14 and 21 days 
after treatment. At early stage (7 DAT), the variation of 
BUN level of T1 group with T2, T3 and T4 groups was less 
but with the progression of time (14 DAT and 21 DAT) 
more variation was observed. The findings on BUN level 
specifies that, the T0 group showed normal BUN 
(30.34±0.7354, 34.41±0.7285 and 32.00±0.7256 mg dL-1 

at 7, 14 and 21 DAT, respectively), whereas the T1 group 
showed the highest BUN (79.00±2.7832, 75.67±2.2498 
and 80.40±2.6437 mg dL-1 at 7, 14 and 21 DAT, 
respectively) but other treatment groups treated with 
bitter gourd extract and ZnONPs showed less BUN 
compared to T1 group which expresses the protective 
influence of bitter gourd extract and ZnONPs on BUN 
regarding diabetic nephropathy.  

 
Table 3. Ameliorative effect of bitter gourd extract and zinc oxide nanoparticles on blood urea nitrogen of STZ-

induced diabetic nephropathic mice 

Treatment groups 
Blood urea nitrogen (mg dL-1) ± Standard error 

7 DAT 14 DAT 21 DAT 

T0 30.34±0.7354 e 34.41±0.7285 d 32.00±0.7256 d 
T1 79.00±2.7832 a 75.67±2.2498 a 80.40±2.6437 a 
T2 68.15±2.3756 b 61.82±1.8756 b 59.00±1.5690 b 
T3 53.15±1.4682 c 51.55±1.5639 c 51.00±1.3615 bc 
T4 44.26±1.2420 d 39.00±1.2033 d 40.86 ±1.1570 cd 

Level of significance *** *** *** 

Critical value for comparison 6.4401 5.5941 11.079 

Co-efficient of variation (%) 4.36 3.97 7.83 
T0 = Control, T1 = STZ-induced diabetic nephropathy (DN) without treatment, T2 = STZ-induced DN treated with bitter gourd extract, T3 = STZ-
induced DN treated with zinc oxide nanoparticles and T4 = STZ-induced DN treated with both bitter gourd extract and zinc oxide nanoparticles, 
DAT = Days after treatment. ***Significant at P≤0.001 level of probability. 

 
As like as the creatinine level, the different treatment 
groups followed the similar pattern regarding their 
efficacy in reducing BUN level in blood. Among the 
different treatment groups, T4 i.e., the combined 
application of bitter gourd extract and ZnONPs was 
found as more active in reducing BUN level in blood 
than the individual effect of bitter gourd extract and 
ZnONPs at 7, 14 and 21 DAT. 
 
Discussion  

Our findings have demonstrated that streptozotocin 
increased blood glucose, blood creatinine and blood 
urea nitrogen resulted in diabetes consequently 
nephropathy in albino mice. On the contrary, extract of 
bitter gourd and zinc oxide nanoparticles had 
dependently induced nephroprotective effect 
individually and combinedly in diabetes caused 
nephropathic albino mice. Both bitter gourd extract and 
ZnONPs reduced blood glucose, blood creatinine and 
blood urea nitrogen in nephropathic albino mice and 
reached near to the normal level. But the extent of 
reduction was different for different treatments. 
ZnONPs was found as more effective compared to bitter 
gourd extract against diabetes as well as nephropathy, 
whereas the combined application of both BGE and 
ZnONPs was found as more nephroprotective. 
 
Bitter gourd is one of the plants that has been 
investigated thoroughly for the treatment of diabetes 
(Hasan and Khatoon, 2012). With the traditional use 

supported by modern scientific evidence of the 
beneficial function it is one of the most promising 
plants for diabetes today (Cefalu et al., 2008). Charantin 
is a typical cucurbitane type triterpenoid present in 
bitter gourd and is a potential substance with 
antidiabetic properties (Patel et al., 2010). Investigation 
of the traditional uses of bitter gourd revealed that, it is 
one of the most important plants for lowering blood 
glucose levels in patients with diabetes (Paul and 
Raychaudhuri, 2010). Bitter gourd and its various 
extracts and components are believed to exert their 
hypoglycemic effects via different physiological, 
pharmacological and biochemical modes (Taylor, 2002). 
Considerable number of studies worldwide have 
investigated anti-hyperglycemic and hypoglycemic 
effects of the different extracts and ingredients of bitter 
gourd in both human and animal models (Wehash et al., 
2012; Fuangchana et al., 2011). Another author (Ahmed 
et al., 2004) investigated the effect of daily oral 
administration of M. charantia fruit juice and the 
distribution of α, β and δ cells in the pancreas of STZ-
induced diabetic rats using immunohistochemical 
methods. These initiatives and their outputs are 
supportive to our findings of the present investigation.  
 
Although, the exact mechanism of the role of ZnONPs 
treatment in diabetic nephropathy is not well 
understood in our study, we observed that ZnONPs 
treatment notably decreased the blood glucose, 
creatine and blood urea nitrogen in diabetic 
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nephropathic mice. It might be due to the decline in the 
expression and activity of MMP‐9 contributes to 
mesangial matrix accumulation in the diabetic kidney 
(McLennan et al., 2002). Zinc could improve insulin 
signaling by several mechanisms, including increased 
insulin receptor phosphorylation, enhancing PI3K 
activity and inhibition of glycogen synthase kinase-3 
(Jansen et al., 2009) which might be another reason 
behind the attenuative effect of ZnONPs against 
diabetes mellitus. In addition, increased degradation 
and decreased extracellular matrix (ECM) protein 
synthesis could subsidize to the anti‐fibrotic effects of 
ZnONPs treatment in diabetic nephropathy. In many 
diseases, including DN, the antioxidant properties of Zn 
have been well documented by the researchers, 
Ranasinghe et al., (2015) and Barman et al., (2018). The 
beneficial role of zinc in diabetes has been previously 
implicated by studies of the zinc supplies in diabetic rats 
(Ukperoro et al., 2010). Zinc is also known to play role in 
biosynthesis, storing, secreting (Arthur and Chausmer, 
1998) and keeping the structure of insulin (Sun et al., 
2009) and promoting the hepatic glycogenesis through 
its actions on the insulin signaling pathways (Jansen et 
al., 2009). It has been reported that, the key mechanism 
related to hyperglycemia involves over-production 
(hepatic glycogenolysis and gluconeogenesis) and 
decreased utilization of glucose by the tissues (Lin and 
Accili, 2011). Zinc may provide insulin-like effects in the 
signal transduction mechanism of insulin and reduce 
the production of cytokines, which leads to β-cell death 
due to inflammation in the pancreas during diabetes 
(Jansen et al., 2009). Our finding is found to be 
consistent with the finding of Alkaladi et al., (2014) and 
Alomari et al., (2021) who also reported the alleviative 
effect of zinc oxide nanoparticles on diabetic 
nephropathy in rats induced by streptozotocin that 
support our present findings. The research finding of 
Gadoa et al., (2022) proved that ZnONPs had an 
ameliorative effect on blood glucose levels, antioxidant 
status, lipid profile, liver function enzymes, and mRNA 
expression of hepatic genes in Type II diabetic rats 
which is in a line with the findings of the current study. 
Virgen-Ortiz et al., (2020) provided compatible 
information about the acute response of ZnONPs on 
fasting glycemia in diabetic and healthy rat models that 
are helpful for possible forthcoming clinical approaches 
and supportive to our results on ZnONPs treatment 
against DN. From an in vitro and in vivo approach using 
biosynthesised zinc oxide nanoparticles on pancreatic 
beta cells, John et al., (2020) reported that, 
streptozotocin-fructose-induced type II diabetic rats 
treated with ZnONPs exhibited significant reduction in 
the blood glucose levels and increased number of beta 
cells (responsible for its increased insulin levels and 
reduced glucose levels) proclaiming its efficacious role 
as a potent hypoglycaemic (antidiabetic) drug. Other 

authors (Abd El-Baset., 2023; Umrani and Paknikar, 
2014) also observed the alleviative result of ZnONPs on 
adverse effects of diabetic nephropathy in rats. These 
results are very much congruent with our results on 
ameliorative efficacy of ZnONPs in reducing the blood 
glucose, creatinine and BUN level in STZ-induced 
diabetic nephropathic mice. 
 
Conclusion 

The findings revealed that, the extract of bitter gourd 
and zinc oxide nanoparticles have signified 
nephroprotective effect. The combined effect of bitter 
gourd extract and zinc oxide nanoparticles was found 
more effective than the individual effect of those 
against diabetic nephropathy in mice. The present 
findings may help to design the clinical application of 
bitter gourd extract and zinc oxide nanoparticles for 
protection against the development of diabetic 
nephropathy. However, further studies should be 
focused to draw precise conclusion on the efficacy as 
well as standard dose of bitter gourd extract and zinc 
oxide nanoparticles against diabetic nephropathy. 
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