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 Background: Natural products have been known as one of the 

most important therapeutic agents for diabetes and 

hyperlipidemia. Bee venom is a multipurpose agent that 

contains different bioactive compounds including melittin and 
phospholipase A2. Aim: The aim of this study was to 

investigate the effects of bee venom on biochemical and 

histopathological abnormalities in pancreas, liver and kidney 

of diabetic hyperlipidemic rats compared to synthetic drugs 

(Metformin and Atorvastatin).Material and methods: Bee 
venom's median lethal dose (LD50) was determined, and then 

50 adult male albino rats were divided into five groups: group 

1 was fed standard diet and served as a negative control group, 

while the other four groups were received streptozotocin and 

nicotinamide injections to induce  type 2 diabetes and after  

diabetes confirmation, rats were fed a high-fat diet for 28 days 
and then they were divided as follows:  group 2 : served as a 

positive control group, and the remaining three groups 

represented the treated groups, group 3: bee venom treated 

group (0.5mg/kg), group 4: bee venom treated group (1/10 

LD50) (1.23mg/kg), and group 5: Metformin (60 mg/kg) plus 
Atorvastatin (10 mg/kg) treated group for 28 days, 

respectively. At the end of the experiment: blood samples, 

liver, kidney, and pancreas tissues were collected. Results: 

Treatment of diabetic hyperlipidemic rats using two doses of 

bee venom (0.5 and 1.23 mg/kg) and Metformin plus 
Atorvastatin revealed significant decrease (p< 0.0001) in levels 

of glucose, HOMA-IR, total protein, globulin, blood urea 

nitrogen, creatinine, MDA, Fetuin-,A, ALT and AST activities 

compared to the positive control group. Furthermore, Levels of 

insulin, HOMA-ß, Albumin, A/G ratio, and TAC were 
significantly increased compared to  the positive control group 

(p< 0.0001). Our results were confirmed by histopathological 

examination of the pancreas, liver, and kidney tissues. 

Conclusion: Bee venom can be considered as a new potential 

therapeutic strategy for diabetes associated with 

hyperlipidemia. 
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Introduction 
Diabetes mellitus is a chronic 

metabolic disorder characterized by the 

absence of insulin or a reduction in the  
action of insulin that contributes to 
carbohydrates, proteins, and lipids 
metabolism disorders [1]. The most 

prevalent type of diabetes mellitus, type 2 
diabetes, is characterized by insulin 
resistance (IR) and pancreatic beta cells 
dysfunction [2]. A clinical hallmark to 

diabetes, chronic hyperglycemia, 
resulting in significant pathological 
abnormalities and metabolic imbalances 
in liver and kidney [3]. Dietary intake, 

obesity, metabolic disorders such as 
diabetes and familial 
hypercholesterolemia (FH) are 
responsible for hyperlipidemia [4]. 

Hyperlipidemia is a complex disease 
refers to increased levels of lipids in the 
blood including cholesterol, cholesterol 
esters, phospholipids and triglycerides 

[5]. Lipid accumulation occurs and 
induces chronic kidney and liver diseases 
when the balance of lipid uptake, 
synthesis, and excretion is disrupted [6,7]. 

 
Oxidative stress may occur because 

of glucose and lipid metabolism 

disorders, that favor dyslipidemia and 
hyperglycemia [8]. An imbalance 
between antioxidant and reactive oxygen 
species causes oxidative stress [9], that 

can cause molecular damage, redox 
signaling disruption, modification in the 
function and structure of cellular proteins 
and lipids, triggering tissue injury, 

metabolism , impairment, disturbed cell 
cycle and cell signaling control [10].  

 
Treatment with medication may 

induce adverse side effects, therefore, 
much concern is focused on natural 

products, which can provide 
minimization of harmful side effects 
[11]. In developing treatments for many 
diseases, great attention has recently 

been paid to the venomous products of 
certain species [12]. Bee venom is a 
complex combination of active 

ingredients, including phospholipase A2, 
peptides, including apamin, melittin, 
mast cell degranulating peptide, tertiapin, 

adolapin, procamin, cardiopep, secapin, 
and non-peptide ( e.g., carbohydrates , 
lipids, biogenic amines, and histamine) 
[13].The main ingredients are melittin 

and phospholipase A2 and they were 
known to have a large range of medicinal 
effects [14]. 

 
Bee venom improves insulin 

secretion from β-cells and reduces the 
levels of glucose, as well as its lipolytic 

actions [15]. A study revealed that bee 
venom had diminishing effects on 
hyperglycemia and dyslipidemia [16]. 
The aim of this study was to investigate 

the effects of bee venom on biochemical 
and histopathological abnormalities in 
the pancreas, liver, and kidney of 
diabetic hyperlipidemic rats compared 

to synthetic drugs (Metformin and 
Atorvastatin). 
 

Materials and Methods  
  
Materials: 
 
Bee venom 

 
The bee venom sample was collected 

from Apis mellifera carnica that is  kept 

at Plant Protection Research Institute, 
Agriculture Research Centre, Egypt. 
 
 Chemicals and drugs 
 

Nicotinamide and streptozotocin were 
obtained from sigma chemicals Co, USA. 
Cholic acid, cholesterol, and Tert. 
Butylhydroquinone was purchased from 

Alpha chemical company, India. 
Vitamins, minerals mixtures, choline 
bitartrate ,and L-cystine were purchased 
from Acros-Organics Chemical Co, USA. 

Atorvastatin Calcium and Metformin 
Hydrochloride were kindly supplied by 
Amoun Pharmaceutical Co., Egypt. 

 
Experimental Animals 

 
   Male adult albino rats, weighing 150-



79                                                                           Faten et al., 2021 

Biochemistry letters, 17 (1) 2021, pages 77-107 

 

170 ,g, were obtained from the 
Experimental Animal Care Center from 
Cairo University and were kept at 

experimental animal house of Faculty of 
Science, Zagazig University. The rats 
were maintained in a controlled 
environment of temperature, humidity , 

and light. The rats were allowed free 
access to tap water and fed a standard 
chow diet ad libitum. The Ethical 
Committee of Zagazig University was 

approved experimental design and animal 
handling (Approval number ZU-IAUUC 
/1/F/32/2019).  

 

Methods 
 

Determination of median lethal dose 

(LD50) of bee venom 
  
The median lethal dose (LD50) of bee 

venom was determined according to a 
previous method [17]. 
 
Experimental diets preparation 

 
The standard diet was prepared 

according to American Institute of 
Nutrition (AIN-93M) [18], which 
consisted of 14% casein, 10% sucrose, 
4% soybean oil,  5% cellulose, 3.5% 

mineral mixture, 1% vitamin 
mixture,0.18% L-cystine , 0.25% choline 
bitartrate, 0.0008% Tert. 
Butylhydroquinone, 5% fats, and 

57.0692% corn starch. The components 
of a high fat diet (HFD) were the same as 
those of a standard diet, with the addition 
of 1% Cholesterol, 0.2% cholic acid, and 

23% fats [19]. The used vitamin and 
mineral mixtures were that recommended 
by the American Institute of Nutrition 
(AIN-93M) [18]. 

 

Experimental design 

  
After seven days of accommodation, total 

number of 50 adult male albino rats were 
divided into 5 groups (10  rats /group). 
Group 1: served as negative control 
group, received intraperitoneal injections 

of saline solution and fed on  a standard 

diet. All rats in the other groups   were 
fasted for 18 hours before induction of 
type 2 diabetes mellitus.  Rats were 

received a single intraperitoneal (i.p) 
injection of 120 mg/kg nicotinamide 
dissolved in normal saline and after 15 
minutes, 60 mg/kg streptozotocin 

dissolved in a freshly prepared 0.1 M 
citrate buffer, (pH 4.5)  was injected 
intraperitoneally [20]. 5 % glucose 
solution was given overnight to prevent 

hypoglycemia. Blood glucose levels were 
determined for all rats using a portable 
glucometer after 3

rd
 and 7

th
 day after 

injection and only rats with blood glucose 

levels higher than 250 mg/dl were 
considered diabetic [21]. Subsequently, 
diabetic rats were fed on a high fat diet 
(HFD) for 28 days. Upon termination of 

28 days, blood samples were withdrawn 
from the tail vein of each diabetic rat for 
determination of lipid profile to confirm 
the induction of hyperlipidemia [22], then 

they were divided as follows: group 2 
received no treatment,  fed on a high-fat 
diet (HFD) and served as a positive 
control group, group 3, received bee 

venom (0.5mg/kg) [15] , group 4, 
received bee venom (1/10

th
 of LD50) (1.23 

mg/kg) [23] daily for 28 days 
intraperitoneally along with the HFD, 

group 5, received metformin (60 mg/kg) 
and atorvastatin (10 mg/kg) daily for 28 
days orally along with the HFD [24]. 

 
Bee venom, Metformin, and 

Atorvastatin doses were dissolved in 
distilled water and adjusted every week 

based on any changes in body weight to 
ensure that each group received the same 
dose per kilogram of body weight 
throughout the  experimental trial. 

 

Samples collection  
 

The rats fasted for 10 hours at the 
end of the experiment, and blood samples 

were taken from the retroorbital venous 
plexus under urethane anesthesia. Blood 
samples were collected in three types of 
tubes,  the first containing sodium 
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fluoride to get plasma for determination 
of glucose concentration,  the second 
containing EDTA to obtain plasma for 

estimation of  insulin concentration and  
the third is free coagulant tube to get 
serum by centrifugation at 4000 rpm for 
20 min for determination of liver and 

kidney function tests. Until biochemical 
analysis, all of these samples were kept at 
-20°C. [25].Different tissues (pancreas, 
liver, and kidney) were excised from each 

rat, rinsed in saline solution, cleared off 
blood, and divided into two parts: The 
first portion (0.2 g) from each rat’s liver, 
pancreas, and kidney tissues were 

homogenized in 2 ml phosphate buffer 
saline (pH 7.4) using Teflon homogenizer 
and then the homogenate was centrifuged 
at 3000 rpm for 10 min at 4°C. The 

supernatant of each tissue homogenate 
was stored at -20⁰ C [26] for 
determination of total antioxidant 
capacity and malondialdehyde 

concentration, whereas the concentration 
of fetuin-A was measured in liver tissue 
homogenate only. For histopathological 
examination, the second portion of liver, 

pancreas, and kidney tissues was fixed in 
10% formalin solution.  

 
Biochemical parameters 

 

Determination of Glucose, Insulin, 

HOMA-IR, and HOMA- β. 
 
 Plasma glucose was estimated according 
to the method [27] using a commercial 
kit derived from Spectrum Diagnostics 
Co., Egypt. Plasma insulin was estimated 

according to the method [28] using an 
ELISA kit derived from Cloud-Clone 
Crop, USA. Homeostatic model 
assessment of insulin resistance 

(HOMA-IR) and homeostatic model 
assessment of β-cell function (HOMA-β) 
was calculated according to the 
following equations [29]. 

 
HOMA-IR = [fasting plasma glucose (mg/dl)  

× fasting plasma insulin (𝜇IU/mL)] /405. 
 

HOMA- β= [360 × fasting insulin (𝜇IU 
/ml)]/ [fasting glucose (mg/dl) –63]. 

 
Determination of liver functions tests 

 
Serum alanine aminotransferase 

(ALT) and aspartate aminotransferase 

(AST) activities were measured using 
commercial kits derived from Diamond 
Diagnostic Co., Germany according to the 
methods [30,31], respectively. Serum 

total protein and albumin concentration 
were measured using commercial kits 
derived from Diamond Diagnostic Co., 
Germany according to the methods 

[32,33], respectively. Serum globulin was 
calculated by subtracting the total protein 
value from the albumin value of each 
corresponding sample [34]. A/G ratio was 

calculated from the serum albumin 
present with concerning the amount of 
globulin [35].  

 
Determination of Kidney functions tests 

 
The concentration of serum blood urea 

nitrogen concentration was measured 
according to the method [36] and serum 

creatinine was measured according to the 
method [37] using commercial kits derived 
from (Diamond Diagnostic Co., Germany). 

 
Determination of total antioxidant 

capacity and malondialdehyde 
 
The concentrations of total antioxidant 

capacity and malondialdehyde were 

determined according to the methods 
[38,39] using commercial kits derived from 
Biodiagnostic Company, Egypt. 

 
 

Determination of Fetuin-A  
Fetuin-A concentration was determined 

according to the method described by [40] 
using an ELISA kit derived from Cloud-

Clone Crop, USA. 
  

Histopathological examination 
 

A piece of pancreas, kidney, and liver 

samples was fixed in 10% formalin for 
24h. The fixed tissues were embedded in 
paraffin, sectioned, deparaffinized, 
rehydrated, and stained with hematoxylin 
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and eosin for microscopic examination 
[41]. 

 
Statistical analysis 

The Statistical analysis was 

performed using Package for Social 
Sciences  (SPSS  version 25) [42]. The 
data were expressed as mean ± SEM. The 

statistical significance was evaluated by 
ANOVA test followed by Tukey’s post 
hoc test. p<0.05 is considered statistically 
significant.  

  

RESULTS: 
 

The median lethal dose (LD50) of 

Carniolan bee venom 
 

Median lethal dose (LD50) of 
Carniolan bee venom was found to be 
12.3 mg/kg.  

 

Effect of bee venom (0.5 and 1.23 

mg/kg) and combined therapy 

(Metformin and Atorvastatin) on 

Glucose, Insulin, HOMA-IR and 

HOMA- β levels. 
 

The levels of glucose, insulin, 
HOMA-IR and HOMA- β in all studied 
groups were shown in Table (1). The 
mean value of plasma glucose was found 

to be 91.2±0.94 mg/dl in the negative 
control group. This value was 
significantly increased to 467.8±8.44 
mg/dl by 412.94% in positive control 

group compared to the negative control 
group (p<0.0001). Meanwhile, the mean 
values of plasma glucose were 
significantly decreased to 161.6±2.12 

mg/dl, 103.4±1.17 mg/dl and 96.5±1.32 
mg/dl by -65.45%, -77.89% and -79.37% 
in bee venom treated group (0.5mg/kg), 
bee venom treated group (1.23 mg/kg) 

and Metformin and Atorvastatin treated 
group,  respectively compared to the 
positive control group (p<0.0001). 

 
The mean value of plasma insulin 

was found to be 126.0±1.16 pg/ml in the 

negative control group. This value was 
significantly decreased to 57.9±1.32 
pg/ml by -54.05% in the positive control 

group compared to the negative control 
group (p<0.0001). Meanwhile, the mean 
values of plasma insulin were 

significantly increased to 82.7±2.03 
pg/ml, 121.6±0.9 pg/ml and 123.1±1.14 
pg/ml by 42.83%, 110.01%, and 112.61% 
in bee venom treated group (0.5mg/kg), 

bee venom treated group (1.23 mg/kg) 
and Metformin and Atorvastatin treated 
group, respectively compared to the 
positive control group (p<0.0001). 

 
The mean value of homeostatic 

model assessment of insulin resistance 

(HOMA-IR) was found to be 15.0±0.19 
in the negative control group. This value 
was significantly increased to 35.3±0.87 
by 135.33% in the positive control group 

compared to the negative control group 
(p<0.0001). Meanwhile, the mean values 
of HOMA-IR were significantly 
decreased to 17.2±0.25, 16.4±0.12, and 

15.7±0.13 by -51.27%, -53.54% and -
55.52% in bee venom treated group 
(0.5mg/kg), bee venom treated group 
(1.23 mg/kg) and Metformin and 

Atorvastatin treated group, respectively 
compared to the positive control group 
(p<0.0001). 

 
The mean value of homeostatic 

model assessment of β-cell function 

(HOMA- β) was found to be 864.1±31.57 
in negative control group. This value was 
significantly decreased to 27.4±1.03 by -
96.83% in the  positive control group 

compared to  the negative control group 
(p<0.0001). Meanwhile, the mean values 
of HOMA- β were significantly increased 
to 161.3±6.93, 579.4±19.69 and 

734.4±39.83 by 488.68%, 2014.6% and 
2580.29% in bee venom treated group 
(0.5mg/kg), bee venom treated group 
(1.23 mg/kg), and Metformin and 

Atorvastatin treated group, respectively 
compared to the positive control group 
(p<0.0001). 
 

Effect of bee venom (0.5 and 1.23 

mg/kg) and combined therapy 
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(Metformin and Atorvastatin) on 

serum liver function tests. 
 
The levels of serum alanine 

aminotransferase (ALT), aspartate 
aminotransferase (AST), total protein, 

albumin, globulin and albumin/ globulin 
ratio (A/G ratio) in all studied groups 
were represented in Table (2). The mean 
value of alanine aminotransferase (ALT) 

activity was found to be 37.2±0.81 U/L in 
negative control group. This value was 
significantly increased to 83±1.24 U/L by 
123.1% in the positive control group 

compared to the negative control group 
(p<0.0001). Meanwhile, the mean values 
of  ALT activities were significantly 
decreased to 57.4±1.55 U/ L, 46.4±0.73 

U/ L, and 44.4±0.97 U/L by -30.84%, -
44.09% and -46.5% in bee venom treated 
group (0.5mg/kg), bee venom treated 
group (1.23 mg/kg) and Metformin and 

Atorvastatin treated group, respectively 
compared to the positive control group 
(p<0.0001). 

 
The mean value of aspartate 

aminotransferase (AST) activity was 

found to be 89.1±3.1 U/ L in the negative 
control group. This value was 
significantly increased to 165.7±4.86 U/ 
L by 85.9% in the positive control group 

compared to the negative control group 
(p<0.0001). Meanwhile, the mean values 
of  AST activities were significantly 
decreased to 113.2±2.85 U/ L, 108±3.9 

U/ L, and 105±3.09 U/L by -31.68%, -
34.82% and -36.63% in bee venom 
treated group (0.5mg/kg), bee venom 
treated group (1.23 mg/kg) and 

Metformin and Atorvastatin treated 
group, respectively compared to the 
positive control group (p<0.0001). 

 
The mean value of total protein was 

found to be 6.1±0.1 g/dl in the negative 
control group. This value was 

significantly increased to 7.5±0.07 g/dl  
by 22.95% in the positive control group 
compared to negative control group 
(p<0.0001). Meanwhile, the mean values 

of total protein were significantly 
decreased to 6.6±0.05g/dl, 6.4±0.09g/dl 
and 6.3±0.05 g/dl by -12%, 14.6% and -

16% in bee venom treated group 
(0.5mg/kg), bee venom treated group 
(1.23 mg/kg) and Metformin and 
Atorvastatin treated group, respectively 

compared to the positive control group 
(p<0.0001). 

 
The mean value of albumin was 

found to be 3.9±0.06 g/dl g/dl in the 
negative control group. This value was 
significantly decreased to 2.9±0.06 g/dl 

by -25.64%  in the  positive control group 
compared to the negative control group 
(p<0.0001). Meanwhile, the mean values 
of albumin were significantly increased to 

3.4±0.08 g/dl,  3.7±0.11 g/dl and3.7±0.09 
g/dl by 17.24%, 27.58%, and 27.58% in 
bee venom treated group (0.5mg/kg), bee 
venom treated group (1.23 mg/kg) and 

Metformin and Atorvastatin treated 
group, respectively compared to the 
positive control group (p<0.0001). 

 
The mean value of globulin was 

found to be 2.2±0.05 g/dl in the negative 

control group. This value was 
significantly increased to 4.4±0.06g/dl by 
100% in the positive control group 
compared to negative control group 

(p<0.0001). Meanwhile, the mean values 
of globulin were significantly decreased 
to 2.9±0.14  g/dl, 2.8±0.11g/dl and 
2.6±0.1g/dl by -34.09%,-36.36% and -

40.9% in bee venom treated group 
(0.5mg/kg), bee venom treated group 
(1.23 mg/kg) and Metformin and 
Atorvastatin treated group, respectively 

compared to the positive control group 
(p<0.0001). 

 
The mean value of A/G ratio was 

found to be 1.7±0.02 in negative control 
group. This value was significantally 
decreased to 0.66±0.02 by -61.4% in 

positive control group compared to 
negative control group (p<0.0001). 
Meanwhile, the mean values of A/G ratio 
were significantly increased to1.1±0.06, 
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1.3±0.08 and 1.4±0.1 by 66.66% , 
96.96% and 112.12%  in bee venom 
treated group (0.5mg/kg), bee venom 

treated group (1.23 mg/kg) and 
Metformin and Atorvastatin treated 
group, respectively compared to the 
positive control group (p<0.0001). 

 

Effect of bee venom (0.5 and 1.23 

mg/kg) and combined therapy 

(Metformin and Atorvastatin) on 
serum kidney function tests. 

The levels of serum blood urea 
nitrogen and creatinine in all studied 

groups were displayed in Table (3). The 
mean value of blood urea nitrogen was 
found to be 35.3±0.82 mg/dl in the 
negative control group. This value was 

significantly increased to 57.8±1.31 
mg/dl by 63.73% in the positive control 
group compared to the negative control 
group (p<0.0001). Meanwhile, the mean 

values of blood urea nitrogen were 
significantly decreased to 42.6±1.3mg/dl, 
38.5±0.86mg/dl and 36.5±1.57 mg/dl by -
26.29% , -33.39% and -36.85 %  in bee 

venom treated group (0.5mg/kg), bee 
venom treated group (1.23 mg/kg) and 
Metformin and Atorvastatin treated 
group, respectively compared to positive 

control group (p<0.0001). 
 
The mean value of creatinine was 

found to be 0.38±0.01mg/dl in the 
negative control group. This value was 
significantly increased to 

0.71±0.017mg/dl by 86.84 % in the 
positive control group compared to the 
negative control group (p<0.0001). 
Meanwhile, the mean values of creatinine 

were significantly decreased 
to0.57±0.014 mg/dl, 0.53±0.007 mg/dl  
and 0.5±0.011mg/dl by -19.71%,-25.35% 
and -29.57% in bee venom treated group 

(0.5mg/kg), bee venom treated group 
(1.23 mg/kg) and Metformin and 
Atorvastatin treated group, respectively 
compared to positive control group 

(p<0.0001). 
 

Effect of bee venom (0.5 and 1.23 

mg/kg) and combined therapy 

(Metformin and Atorvastatin) on total 

antioxidant capacity levels. 
 

The levels of total antioxidant 
capacity (TAC) in different tissue 

homogenates in all studied groups were 
shown in Table (4). The mean value of 
pancreatic TAC was found to be 
0.96±0.02 mM/L in the negative control 

group. This value was significantly 
decreased to 0.51±0.01mM/L by -46.87% 
in the positive control group compared to 
the negative control group (p<0.0001). 

Meanwhile, the mean values of pancreatic 
TAC were significantly increased to 
0.61±0.15 mM/L, 0.79±0.05 mM/L and 
0.81±0.01mM/L by 19.6%, 54.9% and 

58.8%  in bee venom treated group 
(0.5mg/kg), bee venom treated group 
(1.23 mg/kg) and Metformin and 
Atorvastatin treated group, respectively 

compared to the positive control group 
(p<0.0001). 

 
The mean value of hepatic TAC 

was found to be 1.352±0.009 mM/L in the 
negative control group. This value was 

significantly decreased to 0.98±0.012 by -
24.4% in the positive control group 
compared to the negative control group 
(p<0.0001). Meanwhile, the mean values 

of hepatic TAC were significantly 
increased to 1.32±0.008 mM/L, 
1.347±0.01mM/L and 1.33±0.006 mM/L 
by 34.69%, 36.73% and 35.71%  in bee 

venom treated group (0.5mg/kg), bee 
venom treated group (1.23 mg/kg) and 
Metformin and Atorvastatin treated 
group, respectively compared to the 

positive control group (p<0.0001). 
 
The mean value of renal TAC was 

found to be 1.73±0.026mM/L in the 
negative control group. This value was 
significantly decreased to 0.96±0.013 
mM/L by -44.5% in the positive control 

group compared to the negative control 
group (p<0.0001). Meanwhile, the mean 
values of renal TAC were significantly 
increased to 1.063±0.023 mM/L, 
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1.335±0.025 mM/L and 1.332±0.014 
mM/L by 10.72%, 39.06% and 38.75%  
in bee venom treated group (0.5mg/kg), 

bee venom treated group (1.23 mg/kg) 
and Metformin and Atorvastatin treated 
group, respectively compared to positive 
control group (p<0.0001). 

 

Effect of bee venom (0.5 and 1.23 

mg/kg) and combined therapy 

(Metformin and Atorvastatin) on 
malondialdehyde levels. 

 
The levels of malondialdehyde 

(MDA) in different tissue homogenates in 
all studied groups were summarized in 

Table (5). The mean value of pancreatic 
MDA was found to be 64.6±1.7 nmol/g 
tissue in the negative control group. This 
value was significantly increased to 

204±1.94 nmol/g tissue by 215.7% in the 
positive control group compared to the 
negative control group (p<0.0001). 
Meanwhile, the mean values of pancreatic 

MDA were significantly decreased to 
183.2±1.37 nmol/g tissue, 151.9±1.68 
nmol/g tissue and 530.1±13.23 nmol/g 
tissue by -10.19%,-25.53% and -24.65% 

in bee venom treated group (0.5mg/kg), 
bee venom treated group (1.23 mg/kg) 
and Metformin and Atorvastatin treated 
group, respectively compared to the 

positive control group (p<0.0001). 
 
The mean value of hepatic MDA was 

found to be 511.1±2.7nmol/g tissue in  the 
negative control group. This value was 
significantly increased to 788.4±20.33 
nmol/g by 54.25% in the positive control 

group compared to the negative control 
group (p<0.0001). Meanwhile, the mean 
values of hepatic MDA were significantly 
decreased to 583.5±14.29nmol/g tissue, 

35.3±15.13nmol/g tissue and 530.1±13.23 
nmol/g tissue by -25.98%,-32.1%, and -
32.76 % in bee venom treated group 
(0.5mg/kg), bee venom treated group 

(1.23 mg/kg) and Metformin and 
Atorvastatin treated group, respectively 
compared to the positive control group 
(p<0.0001). 

 

The mean value of renal MDA was 
found to be 89.5±0.5 nmol/g tissue in 
thenegative control group. This value was 

significantly increased to 
184.2±0.66nmol/g by 105.8% in the 
positive control group compared to 
negative control group (p<0.0001). 

Meanwhile, the mean values of renal 
MDA were significantly decreased to 
170.3±1.03  nmol/g tissue, 147.5±1.12 
nmol/g tissue and 147.4±1.11 nmol/g 

tissue by 7.54%,-19.92% and -19.97 % in 
bee venom treated group (0.5mg/kg), bee 
venom treated group (1.23 mg/kg) and 
Metformin and Atorvastatin treated 

group, respectively compared to the 
positive control group (p<0.0001). 

 

Effect of bee venom (0.5 and 1.23 

mg/kg) and combined therapy 

(Metformin and Atorvastatin) on  
Fetuin-A levels. 
 

The levels of fetuin-A in liver 
tissue homogenate in all studied groups 
were shown in Table (6). The mean value 

of Fetuin-A was found to be 
57.2±3.5ng/ml in the negative control 
group. This value was significantly 
increased to 159.9±5.79 ng/ml by 179.5% 

in the positive control group compared to 
the negative control group (p<0.0001). 
Meanwhile, the mean values of Fetuin-A 
were significantly decreased to 85.2±2.12 

ng/ml, 63.5±1.69 ng/ml and to 61.6±1.12 
ng/ml by -46.71%, -60.28%% and -
61.47% in bee venom treated group 
(0.5mg/kg), bee venom treated group 

(1.23 mg/kg) and Metformin and 
Atorvastatin treated group, respectively 
compared to positive control group 
(p<0.0001). 

 
Histopathological results 

 
Histopathological pancreas sections 

revealed normal pancreatic parenchyma, 

pancreatic acini, ducts, and in the 
negative control group (Figure. 1A). 
Conversely, the positive control group 
experienced acute pancreatitis, the 

congested blood vessel, and lecucocytic 
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cells infiltration (Figure. 1B). The 
pancreas sections of the bee venom-
treated group (0.5 mg/kg) (Figure. 1C) as 

well as the bee venom-treated group (1.23 
mg/kg) (Figure. 1D) displayed slight 
congestion in the blood vessels. 
Metformin and Atorvastatin-treated group 

exhibited congestion in the blood vessels 
(Figure. 1E). 

 
Histopathological liver sections 

exhibited normal hepatocytes, hepatic 
parenchyma, portal tract, and blood 
sinusoids in the negative control group 

(Figure. 2A). In contrast, the positive 
control group displayed portal tract 
changes, congested hepatoportal blood 
vessels, and hyperplastic bile duct 

(Figure. 2B). The liver sections of the bee 
venom-treated group (0.5 mg/kg) revealed 
congestion in the central vein and blood 
sinusoids, (Figure. 2C) . Unlike the bee 

venom treated group (1.23 mg/kg) 
(Figure. 2D) as well as the metformin and 
atorvastatin-treated group (Figure. 2E) 
exhibited normal hepatocytes, hepatic 

parenchyma, portal tract, and blood 
sinusoids similar to the negative control 
group. 

 
Histopathological kidney sections 

revealed normal renal parenchyma, renal 

glomeruli, and renal tubules in the 
negative control group (Figure. 3A). 
Conversely, the positive group 
experienced acute interstitial nephritis, the 

interstitial congested blood vessels, and 
leucocytic cells infiltrations (Figure. 3B). 
The kidney sections from of the bee 
venom-treated group (0.5 mg/kg) 

displayed slight congestion in the 
glomerular blood capillaries and peri-
renal blood capillaries (Figure. 3C) 
Unlike the bee venom treated group (1.23 

mg/kg) (Figure. 3D) as well as the 
metformin and atorvastatin-treated group 
(Figure. 3E) exhibited normal renal 
parenchyma, glomeruli and renal tubules 

similar to the negative control group. 
 
 

 DISCUSSION: 

Diabetes mellitus (DM) is a life-

threatening metabolic disease and 

characterized by chronic hyperglycemia. 

It develops when insulin secretion and/or 

action are impaired, resulting in micro-

and macrovascular consequences [43]. In 

addition to hyperglycemia, 

hyperlipidemia is one of the major factors 

that complicate the diabetic condition and 

leads to death [44]. Owing to changes in 

lifestyle and diet practice, hyperlipidemia 

is a prevalent issue in society. Diet, in 

addition to drugs, has a significant role in 

controlling blood lipid and lipoprotein 

levels. Previous studies have already 

shown that excessive high-fat diet intake 

often contributes to insulin resistance (IR) 

because insulin action has interfered with 

saturated fatty acids (SFA) [45]. 
 

One of the most widely used 

diabetogenic agents is streptozotocin. It is 

used to induce type 2 diabetes mellitus 

when combined with nicotinamide [46]. It 

is well known that streptozotocin causes 

selective damage to pancreatic B-cells. 

Nicotinamide is administered to rats to 

protect insulin-secreting cells against 

streptozotocin cytotoxicity. streptozotocin 

is transported through the glucose 

transporter-2 (GLUT2) into B-cells and 

causes DNA damage that leads to 

increased activity of poly (ADP-ribose) 

polymerase (PARP-1) that act to repair 

DNA. However, this enzyme's excessive 

activity results in the reduction of 

intracellular NAD+ and ATP and necrosis 

of insulin-secreting cells. Nicotinamide 

inhibits PARP-1 activity, preventing 

NAD
+
 and ATP loss in streptozotocin-

treated cells [47]. 
 
 Bee venom is a complex mixture of 

peptides, proteins, and low-molecular-

weight components released by the 
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worker and queen bees. [48]. Anti-

diabetic activity is attributed to the 

presence of melittin which decreases 

blood glucose by various mechanisms 

including β-cell membranes 

depolarization, increased calcium 

channels and extracellular calcium[49], 

cytosolic phospholipase A2 activation 

[50], increased glucose and lipid transport 

into insulin's target tissues [51] , and 

inhibition the inflammation of β-cells 

[52].The study is aimed to investigate the 

effects of bee venom on biochemical and 

histopathological abnormalities in the 

pancreas, liver, and kidney of diabetic 

hyperlipidemic rats compared to 

synthetic drugs (Metformin and 

Atorvastatin). 
 

The results of studies to determine 

the median lethal dose (LD50) are crucial 

in determining the recommended limit 

dose. The median lethal dose (LD50) was 

estimated by intraperitoneal 

administration of the of Carniolan bee 

venom in rats .Our results revealed that 

LD50 is equal to 12.3 mg/kg. These 

results were near to those obtained in 

a previous
 

study [53], reporting the 

LD50 value of Carniolan bee venom 

(8.47 mg/kg) when injected 

intravenously into mice. In a previous 

study, the LD50 of Sweet Bee Venom in 

rats was over 30 mg/kg through single-

dose toxicity tests [54]. Phospholipase A2 

and melittin resulted in the toxicity of bee 

venoms, which act synergistically [55]. 

The venom of all Apis species is similar 

in quality and composition, but the 

differences in LD50 values may be due to 

the geographical distribution of different 

Apis mellifera species [56], and also due 

to variation in their production and 

toxicity according to their size and 

physiological differences [57,58].  
 
Streptozotocin (STZ) is a toxic 

agent that can cause selective damage of 

pancreatic β - cells, resulting in a 

substantial rise in blood glucose levels, 

and perhaps due to STZ induction, a 

significant reduction in insulin secretion 

is observed [59]. 
 
The results revealed that the 

positive control group had a 

significant increase in plasma glucose 

levels and a significant decrease in 

plasma insulin levels compared to the 

negative control group. Our result is in 

harmony with previous studies [60,61]   

which stated that there was a significant 

increase in glucose levels and a 

significant decrease in insulin levels in 

diabetic rats because of the cytotoxic 

influence of STZ, which leads to β cells 

degradation and reduced insulin secretion 

in diabetic rats when compared to the 

negative control group. Meanwhile, bee 

venom-treated groups using two doses 

(0.5 and 1.23 mg/kg) and combined 

therapy (metformin and atorvastatin) 

showed a significant decrease in the 

levels of glucose and a significant 

increase in plasma insulin levels 

compared to the positive control 

group. Our results are in agreement with 

previous studies[15,62,63] which showed 

that the anti-diabetic activity of bee 

venom and its ability to increase insulin 

secretion. The active compounds in bee 

venom, melittin, and phospholipase-A2, 

may be related to the improvements in 

glucose and insulin levels. They diminish 

Langerhans islet inflammation and cause 

them to release insulin. [51,53]. Bee 

venom also inhibits the production of 

proinflammatory cytokines and free 
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radicals, which cause beta-cell death. 

[64]. Moreover, melittin can depolarize β-

cells plasma membranes, resulting in the 

opening of Ca
2+

 channels, allowing a high 

amount of Ca
2+ 

to enter -cells and 

increase insulin secretion. [50]. 

The induction of diabetes by STZ 

causes dysfunction of β-cells and high-fat 

diet leads to insulin resistance [65]. The 

pathogenesis of type 2 diabetes is defined 

by a reduction in -cell function as well as 

insulin resistance (IR). [66], so an 

increase in HOMA-IR and a decrease in 

HOMA- β are exhibited in diabetic 

hyperlipidemic rats. 
 
The results illustrated that the 

positive control group had a 

significant increase in HOMA-IR and a 

significant decrease in HOMA- β 

levels compared to the negative 

control group. Our result is in agreement 

with previous research [67] which 

reported that a significant increase in 

HOMA-IR and a significant decrease in  

HOMA- β  in diabetic rats when 

compared with the negative control 

group. Also, another study illustrated that 

high fat diet-fed male mice exhibited an 

elevation in HOMA-IR index and 

exhibited dysfunction of β‐ cell which 

was measured by calculating HOMA‐  β 

[68]. Meanwhile, bee venom-treated 

groups using two doses (0.5 and 1.23 

mg/kg) and combined therapy 

(metformin and atorvastatin) showed 

a significant decrease in the levels of 

HOMA-IR and a significant increase in 

HOMA- β levels compared to the 

positive control group. 

These results are consistent with an 
earlier study [69] which reported that 

HOMR-IR significantly decreased in rats 
fed on high-fat diet and treated with 
different doses of bee venom when 

compared to untreated rats because bee 
venom can improve plasma insulin levels 
which meant that the bee venom increases 

insulin sensitivity in the peripheral tissues 
which revealed as decreased HOMA-IR 
in rats treated with bee venom. The 
improvement in HOMA-β levels is 

attributed to the ability of bee venom to 
restore the normal histological structure 
and function of pancreatic β-cells [16]. 

 
Liver enzymes such as ALT and AST 

are biomarkers for liver integrity and 

function [70]. Cellular liver damage 

induced by streptozotocin indicates a 

disturbance in cell membranes of 

hepatocytes resulting in leakage of 

enzymes into blood and elevation in the 

activity of serum ALT and AST [71]. 

The results displayed that the activities 

of ALT and AST were significantly 

elevated in the positive control when 

compared to the negative control. 

These results are supported by a previous 

study which revealed that there was a 

significant increase in ALT and AST 

activities in the diabetic group compared 

to the negative group due to liver 

dysfunction induced by diabetes [72]. 

While groups treated with bee venom 

using both doses (0.5 and 1.23 mg/kg) 

and combined therapy (metformin and 

atorvastatin) showed a significant 

reduction) in ALT and AST activities 

when compared to the positive control 

group. These results are inconsistent with 

other studies [73,74] which showed that 

because of the potent hepatoprotective 

effect of bee venom, increased activities 

of aminotransferase enzymes were 

reduced in diverse models of induced 

hepatic injury due to the presence of 

phospholipase A2, which is regarded as 

the second most abundant component of 

bee venom. Bee venom inhibits the 
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secretion of pro-inflammatory cytokines 

[75], which was associated with hepatic 

injury and reduces aminotransferases 

enzymes [76]. 

Serum total protein plays an 

important role in osmotic pressure. With 

lower osmotic pressure, extra body fluid 

can build up in the tissues, resulting in 

edema. If the serum overall protein level 

is abnormal, additional tests should be 

performed to decide which type of 

specific protein level is declining or 

rising. If the serum total protein level falls 

below the normal limit, it normally 

indicates a reduced albumin level, which 

may be caused by liver disease or an 

acute infection [77]. A high concentration 

of total protein is attributed to an increase 

in globulin concentration due to infection 

and inflammatory diseases [78]. A/G ratio 

may reduce due to an increase  in globulin 

levels during chronic inflammatory 

diseases, cancer and rheumatoid diseases, 

and diminished albumin levels that are 

associated with chronic liver diseases, 

nephrotic syndrome, and chronic 

infections [79].  
 

The results stated that the positive 

control group exhibited a significant 

increase in levels of total protein and 

globulin and a significant decrease in 

levels of albumin and A/G ratio compared 

to the negative control group. 

These results were supported by 

several studies [80-83] which indicated 

that in the case of diabetes, elevated total 

protein concentration was observed due to 

elevation in concentrations of different 

acute phase proteins, globulins, and 

fibrinogen that contribute to the increased 

concentration of total proteins, 

hypoalbuminemia is associated with 

hyperglycemia due to oxidative stress, 

low hepatic synthesis and increased 

urinary excretion of albumin resulting 

from diabetic nephropathy, 

hyperglobulinemia may be present in 

diabetic patients due to inflammatory 

processes and a significant decrease in 

A/G ratio was observed because of 

hypoalbuminemia and elevated protein 

catabolism that detected in diabetic rats. 

Through our results, treated groups with 

bee venom using both doses (0.5 and 

1.23 mg/kg) and combined therapy 

(metformin and atorvastatin) showed 

a significant reduction in total protein and 

globulin levels and a significant increase 

in albumin and A/G ratio levels compared 

to positive control. Our outcomes are in 

agreement with a previous study [84] 

which accredited that the improvement in 

the levels of total protein, albumin, 

globulin, and A/G ratio was attributed to 

the presence of phospholipase A2 in bee 

venom which has antioxidant, anti-

inflammatory, and hepatoprotective 

effects. 
 

It is well accepted that the main 

extrinsic factors that contributed in the 

pathogenesis of renal dysfunction are 

obesity, sepsis, hypertension, liver 

diseases, and diabetes [85]. Diabetes leads 

to the production of free radicals, which 

produce profibrogenic and inflammatory 

mediators in organs such as the kidney 

leading to changes in renal blood flow 

and glomerular function which is assessed 

in terms of an increase in serum blood 

urea nitrogen and creatinine[86].  
 
Our results showed that blood urea 

nitrogen and creatinine levels were 

significantly increased in the positive 

control group compared to the negative 

control group. These results come in 

accordance with previous studies [87,88] 
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which showed that diabetes is associated 

with a significant increase in levels of 

blood urea nitrogen and creatinine 

indicating renal tissue dysfunction. 

Meanwhile, there was a significant 

decrease in levels of blood urea nitrogen 

and creatinine in bee venom treated 

groups (0.5 and 1.23 mg/kg) and in 

Metformin and Atorvastatin treated group 

compared to positive control. In 

accordance with our results, a previous 

study [89] have shown that bee venom 

and its active components (phospholipase 

A2) could have remarkable reno-

protective effects on diseases-induced 

renal dysfunction through upregulation of 

regulatory T cells (Tregs) which are 

immunosuppressive lymphocytes that 

play a vital role in maintaining immune 

tolerance. The Treg's anti-inflammatory 

activities can protect against renal injury 

and decreased levels of serum creatinine 

and blood urea nitrogen were confirmed. 

Also, another study [90] reported that 

melittin induces M2 macrophage 

activation, which is associated with 

parasite infiltration, tissue remodeling, 

and immunoregulatory functions and 

eventually leads to recovery of renal 

function, and reductions in nitrogen levels 

of creatinine and blood urea nitrogen 

were reported. 
 
Total antioxidant potential 

(TAC) is a commonly used parameter 

to determine the overall antioxidant 

status in diseases that induce the 

production of free radicals, including 

diabetes mellitus [91]. 
 
Our results stated that levels of 

pancreatic, hepatic, and renal total 
antioxidant capacity (TAC) were 

decreased significantly in the positive 
control group compared to the negative 

control group. These results are in 
harmony with previous studies [92-94] 
which described that total antioxidant 

levels in the pancreas, liver, and kidney 
were reduced in diabetic rats because 
hyperglycemia is associated with an 
imbalance between reactive oxygen 

species production and antioxidant 
defense mechanism. While the levels of 
pancreatic, hepatic, and renal total 
antioxidant capacity (TAC) were 

significantly increased (0.5 and 1.23 
mg/kg) and in Metformin and 
Atorvastatin treated group compared to 
positive control. These results are in 

agreement with other findings [62,95] 
which reported that the improvement of 
total antioxidant capacity in treated 
groups with bee venom compared to the 

diabetic control group is due to 
antioxidant activity of bee venom by 
suppressing production of radicals and 
scavenging free radicals.  

 
Lipid peroxidation is an essential 

element, which is closely related to the 

consistency of cellular membranes and 

assists in assessing the structure and 

composition of cellular lipids. The 

presence of free radicals in some tissues 

may increase the rate of lipid peroxidation 

in diabetics. Malondialdehyde (MDA), is 

a lipid peroxidation marker, which was 

measured in diabetic rats' tissues as a 

marker of a higher degree of free radicals 

attacking and oxidative stress [96]. 
 
Our data illustrated that the 

positive control group exhibited 

significantly elevated levels of pancreatic, 

hepatic, and renal malondialdehyde 

(MDA) compared to the negative control. 

These findings are in accordance with 

previous studies [97,98] which stated that 

elevated malondialdehyde levels in 

pancreas, liver, and kidney tissues 

ascribed to damage of antioxidant defense 

system and an increase in lipid 
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peroxidation products in diabetic rats 

compared to normal rats. While the levels 

of pancreatic, hepatic, and renal 

malondialdehyde (MDA) were 

significantly decreased in bee venom 

treated groups (0.5 and 1.23 mg/kg) and 

in Metformin and Atorvastatin treated 

group compared to positive control. These 

results are in line with previous studies 

[99-101] which stated that the decrease in 

MDA level attributed to the antioxidant 

activity of bee venom that results in a 

reduction in reactive oxygen species 

levels and lipid peroxidation. 
  
Fetuin-A is a glycoprotein that 

belongs to the 2-Heremans-Schmid 

family, that is synthesized in the 

hepatocytes. Fetuin-A is an effective 

regulator of dysfunctional vascular 

calcification, but has a role in insulin 

resistance [102]. Fetuin-A levels are 

greater in type 2 diabetic patients and 

obesity than in healthy controls. Fetuin-A 

blocks the insulin receptor Tyrosine 

kinase in skeletal muscle and liver cells, 

preventing insulin signals from being 

transmitted and leading to insulin 

resistance in target tissues of insulin 

[103]. In insulin resistance states, there 

are associations between gene expression 

of hepatic fetuin-A and key regulatory 

enzymes in lipid and glucose metabolism. 

The expression of fetuin-A tends to 

parallel the expression of both key 

enzyme in gluconeogenesis, 

phosphoenolpyruvate kinase 1 (PEPCK1), 

and key transcription factors in 

lipogenesis, hepatic sterol regulatory 

element-binding protein (SREBP) [104]. 

The activity of hepatic AMP-activated 

kinase (AMPK) is regarded as a 

significant factor in metabolic syndrome. 

Interestingly, AMPK is directly involved 

in the downregulation of all proteins 

associated with the expression of hepatic 

fetuin- A [105]. 
 
 

The results revealed that hepatic 

fetuin-A levels were significantly 

increased in positive control compared to 

the negative control. These findings in 

covenant with a previous study [106] 

which reported that there was a 

significant increase in  the expression 

levels of fetuin-A in the liver of diabetic 

rats because a disruption in lipid profiles 

usually occurs during type 2 diabetes and 

insulin resistance leading to alteration in 

the expression of genes associated with 

lipid metabolism including fetuin-A. 

Also, Another study [107] reported that 

high levels of hepatic fetuin-A in rats 

ascribed to high fat diet consumption that 

promotes production and secretion of 

fetuin-A by hepatocytes. While the levels 

of fetuin-A were significantly decreased 

in bee venom treated groups (0.5 and 1.23 

mg/kg) and in Metformin and 

Atorvastatin treated groups compared to 

positive control. It may be hypothesized 

that AMP-activated kinase (AMPK) 

activation prevents the production of 

fetuin-A [108]. A study reported that bee 

venom exhibits anti-obesity activity 

which is attributed to the ability of bee 

venom to activate hepatic AMP-activated 

kinase (AMPK) by phosphorylation. 

phosphorylated AMPK suppresses the 

expression of the 3-hydroxy-3-

methylglutaryl-coenzyme A reductase 

(HMG-CoA) and acetyl CoA carboxylase 

(ACC)  leading to the suppression of fatty 

acids and cholesterol synthesis which are 

contributed to the elevation of hepatic 

fetuin-A synthesis [109]. Another study 

found that bee venom lowers hepatic 
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sterol regulatory element-binding protein 

(SREBP) levels in fructose-induced 

nonalcoholic steatohepatitis (NASH) rat 

model, resulting in lower levels of fetuin-

A  [104,110]. Based on our findings, 

which are compatible with these previous 

studies [109,110], bee venom decreases 

fetuin-A levels by suppressing hepatic 

sterol regulatory element-binding protein 

(SREBP) expression and through the 

activation pathway of AMP-activated 

kinase (AMPK). 
 
Histopathological Studies of 

Pancreas sections revealed that, the 
negative group showed normal pancreatic 
parenchyma, pancreatic acini, ducts, and 

islets, but Positive control rats showed 
acute pancreatitis, the congested blood 
vessel and lecucocytic cells infiltration. 
These findings are consistent with 

those of a previous study [111] which 
stated that diabetes resulted in reduced 
cellular density in pancreatic islets and 
widespread β- cells degranulation. 

Meanwhile, in bee venom treated groups 
(0.5 mg/kg and 1.23 mg/kg), there is an 
appearance of slight congestion in the 
blood vessels. In Metformin and 
Atorvastatin treated group, it showed 

congestion in the blood vessels. These 
results are supported by an earlier study 
[112] which reported that the ability of 
bee venom to restore normal structure and 

function of the pancreas due to its 
antioxidant and anti-inflammatory effects. 

 
Histopathological Studies of liver 

sections revealed that, the negative group 
showed normal hepatic parenchyma, 

hepatocytes, blood sinusoids, and portal 
tract, but Positive control rats showed 
portal tract changes, congested 
hepatoportal blood vessel, and 

hyperplastic bile duct. These findings 
are in agreement with an earlier study 
[16] which stated that hepatocytes were 
significantly degenerated and vacuolated 

in diabetic rats. In contrast, bee venom 

treated group (0.5 mg/kg) showed 
congestion in the central vein and blood 
sinusoids, the bee venom treated group 

(1.23 mg/kg) as well as Metformin and 
Atorvastatin treated group showed normal 
hepatic parenchyma, hepatocytes, blood 
sinusoids, and portal tract. These results 

are supported by an earlier study [69] 
which confirmed the hepatoprotective 
effect of bee venom against liver damage 
is induced by oxidative stress.   

 
Histopathological Studies of 

kidney sections revealed that, the negative 

group showed normal renal parenchyma, 
renal glomeruli, and renal tubules, but 
Positive control rats displayed acute 
interstitial nephritis, the interstitial 

congested blood vessels, and leucocytic 
cells infiltrations. These results are 
consistent with those of a previous 
study [113] which stated that kidney 

tissue of STZ-diabetic rats displayed 
degenerative abnormalities in both renal 
tubules and glomeruli ,as well as 
congestion in the interstitial blood vessel. 

Meanwhile, in the bee venom treated 
group (0.5 mg/kg), it showed slight 
congestion in the glomerular blood 
capillaries and peri-renal blood 

capillaries. In the bee venom treated 
group (1.23 mg/kg) and Metformin and 
Atorvastatin treated group, it showed 
normal renal parenchyma, glomeruli, and 

renal tubules. Our results are in agreement 
with other studies [90,114]. which 
illustrated that in various models of 
kidney injury and nephrotoxicity, bee 

venom was shown to have a significant 
improvement in tubular and glomerulus 
damage owing to its protective role 
against nephrotoxicity by suppressing the 

secretion of pro-inflammatory cytokines. 
 

Conclusion 

The current research concluded 

that bee venom has protective effects 

against diabetes associated with 

hyperlipidemia-induced degenerative 

changes at biochemical and 
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histopathological levels of the pancreas, 

liver, and kidney in rats. Bee venom can 

ameliorate degenerative effects of 

diabetes associated with hyperlipidemia 

in a dose-dependent manner. Therapeutic 

dose (1.23 mg/kg)  and combined therapy 

(metformin and atorvastatin) revealed 

potential effects that normalize 

biochemical and histopathological 

changes compared to the therapeutic dose 

(0.5 mg/kg) of bee venom. 
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Table (1): Effect of bee venom (0.5 and 1.23 mg/kg) and combined therapy (Metformin and 
Atorvastatin) on the levels of Glucose, Insulin, HOMA-IR and HOMA- β. 

 

Groups Negative 
control 

Positive 
control 

Bee venom 
treated group  

(0.5 mg/kg) 

Bee venom 
treated group  

(1.23 mg/kg) 

Metformin and 
Atorvastatin 

treated group 

P Value 

Glucose 
(mg/dl)  

91.2±0.94
c
 467.8±8.44 161.6±2.12

c
 103.4±1.17

c
 96.5±1.32

c
 

 
 
 

< 0.0001 

% change --------- 412.94% -65.45% -77.89% -79.37% 
Insulin 

(pg/ml) 
126.0±1.16

c
 57.9±1.32 82.7±2.03

c
 121.6±0.96

c
 123.1±1.14

c
 

% change --------- -54.05% 42.83% 110.01% 112.61% 
HOMA-IR 15.0±0.19

c
 35.3±0.87 17.2±0.25

c
 16.4±0.12

c
 15.7±0.13

c
 

% change ------- 135.33% -51.27% -53.54% -55.52% 
HOMA-β 864.1±31.57

c
 27.4±1.03 161.3±6.93

b
 579.4±19.69

c
 734.4±39.83

c
 

% change ------ -96.83% 488.68% 2014.6% 2580.29% 
 

Values are expressed in Mean ± SEM. Values with different superscript letters represent significant 
differences (p < 0.05). 

a
P < 0.05, 

b
P < 0.01, 

c
P < 0.001 compared to positive control group. % change of 

positive control was calculated according to negative control. % change of all treated groups was calculated 
according to positive control. 

 
 

 
Table (2): Effect of bee venom (0.5 and 1.23 mg/kg) and combined therapy (Metformin and 

Atorvastatin) on the levels of serum liver function tests. 
 

 
Groups Negative 

control 
Positive 
control 

Bee venom 
treated group  

(0.5 mg/kg) 

Bee venom 
treated group 

 (1.23 mg/kg) 

Metformin and 
Atorvastatin 

treated group 

P Value 

ALT (U/L) 37.2±0.81
c
 83±1.24 57.4±1.55

c
 46.4±0.73

c
 44.4±0.97

c
  

 
 
 

 
< 0.0001 

% change ----- 123.1% -30.84% -44.09% -46.5% 
 AST (U/L)  89.1±3.1

c
 165.7±4.86 113.2±2.85

c
 108±3.9

c
 105±3.09

c
 

% change ----- 85.9% -31.68% -34.82% -36.63% 
Total protein (g/dl) 6.1±0.1

c
 7.5±0.07 6.6±0.05

c
 6.4±0.09

c
 6.3±0.05

c
 

% change ------ 22.95% -12% -14.6% -16% 
Albumin (g/dl) 3.9±0.06

c
 2.9±0.06 3.4±0.08

a
 3.7±0.11

c
 3.7±0.09

c
 

% change ----- -25.64% 17.24% 27.58% 27.58% 
 Globulin (g/dl) 2.2±0.05

c
 4.4±0.06 2.9±0.14

c
 2.8±0.11

c
 2.6±0.1

c
 

% change ----- 100% -34.09% -36.36% -40.9% 
 A/G ratio 1.7±0.02

c
 0.66±0.02 1.1±0.06

c
 1.3±0.08

c
 1.4±0.1

c
 

% change ----- -61.4% 66.66% 96.96% 112.12% 
 

Values are expressed in Mean ± SEM. Values with different superscript letters represent significant differences 
(p < 0.05). 

a
P < 0.05, 

b
P < 0.01, 

c
P < 0.001 compared to positive control group. % change of positive control 

was calculated according to negative control. % change of all treated groups was calculated according to 
positive control.  
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Table (3):  Effect of bee venom (0.5 and 1.23 mg/kg) and combined therapy (Metformin and Atorvastatin) 

on the levels of serum kidney function tests. 
 

Groups Negative 

control 

Positive 

control 

Bee venom 

treated group 

(0.5 mg/kg) 

Bee venom 

treated group 

(1.23 mg/kg) 

Metformin and 

Atorvastatin 

treated group 

P Value 

Blood blood urea 

nitrogen nitrogen 

(mg/dl) 

35.3±0.82
c
 57.8±1.31 42.6±1.3

c
 38.5±0.86

c
 36.5±1.57

c
 

 
 

< 

0.0001 
 

% change ----- 63.73% -26.29% -33.39% -36.85% 
Creatinine (mg/dl) 0.38±0.01

c
 0.71±0.017 0.57±0.014

c
 0.53±0.007

c
 0.5±0.011

c
 

% change ----- 86.84% -19.71% -25.35% -29.57% 
 

Values are expressed in Mean ± SEM. Values with different superscript letters represent significant 
differences (p < 0.05). 

a
P < 0.05, 

b
P < 0.01, 

c
P < 0.001 compared to positive control group. % change of 

positive control was calculated according to negative control. % change of all treated groups was calculated 
according to positive control. 

 
 

Table (4): Effect of bee venom (0.5 and 1.23 mg/kg) and combined therapy (Metformin and 

Atorvastatin) on the levels of total antioxidant capacity (TAC) . 
 
Groups Negative 

control 

Positive 

control 

Bee venom 

treated group 

(0.5 mg/kg) 

Bee venom 

treated group 

(1.23 mg/kg) 

Metformin and 

Atorvastatin 

treated group 

P Value 

 Pancreatic TAC 

(mM/L) 
0.96±0.02 c 0.51±0.01 0.61±0.15 b 0.79±0.05 c 0.81±0.01 c 

 

 

 

< 0.0001 
% change ------ -46.87% 19.6% 54.9% 58.8% 

 Hepatic TAC 

(mM/L) 
1.352±0.009c 0.98±0.012 1.32±0.008c 1.347±0.01c 1.33±0.006c 

% change ----- -24.4% 34.69% 36.73% 35.71% 

Renal TAC  

(mM/L) 
1.73±0.026 c 0.96±0.013 1.063±0.023b 1.335±0.025c 1.332±0.014 c 

% change ------ -44.5% 10.72% 39.06% 38.75% 
 

Values are expressed in Mean ± SEM. Values with different superscript letters represent significant 
differences (p < 0.05). 

a
P < 0.05, 

b
P < 0.01, 

c
P < 0.001 compared to positive control group. % change of 

positive control was calculated according to negative control. % change of all treated groups was calculated 
according to positive control.  
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Table (5): Effect of bee venom (0.5 and 1.23 mg/kg) and combined therapy (Metformin and 

Atorvastatin) on the levels of malondialdehyde (MDA). 
 

Groups Negative 

control 

Positive 

control 

Bee venom 

treated 

group (0.5 
mg/kg) 

Bee venom 

treated group 

(1.23 mg/kg) 

Metformin and 

Atorvastatin 

treated group 

P Value 

Pancreatic 

MDA 
 (nmol/g tissue) 

64.6±1.7
c
 204±1.94 183.2±1.37

c
 151.9±1.68

c
 153.7±1.7

c
 

 

 
 

< 0.0001 

 
% change ------ 215.7% -10.19% -25.53% -24.65% 
Hepatic MDA  

(nmol/g tissue) 
511.1±2.7

c
 788.4±20.33 583.5±14.29

c
 535.3±15.13

c
 530.1±13.23

c
 

% change ----- 54.25% -25.98% -32.1% -32.76% 
Renal MDA  

(nmol/g tissue) 
89.5±0.5

 c
 184.2±0.66 170.3±1.03

 c
 147.5±1.12

 c
 147.4±1.11

 c
 

% change ----- 105.8% -7.54% -19.92% -19.97% 

 
Values are expressed in Mean ± SEM. Values with different superscript letters represent significant 
differences (p < 0.05). 

a
P < 0.05, 

b
P < 0.01, 

c
P < 0.001 compared to positive control group. % change of 

positive control was calculated according to negative control. % change of all treated groups was 
calculated according to positive control.  

 

 

 

 

Table (6): Effect of bee venom (0.5 and 1.23 mg/kg) and combined therapy (Metformin and 

Atorvastatin) on the levels of Fetuin-A. 
 

Groups Negative 

control 

Positive 

control 

Bee venom 

treated group 

(0.5 mg/kg) 

Bee venom 

treated group 

(1.23 mg/kg) 

Metformin and 

Atorvastatin 

treated group 

P Value 

Fetuin-A 

(ng/ml) 
57.2±3.5

c
 159.9±5.79 85.2±2.12

c
 63.5±1.69

c
 61.6±1.12

c
 

< 0.0001 
 

% change ----- 179.5% -46.71% -60.28% -61.47% 
 
Values are expressed in Mean ± SEM. Values with different superscript letters represent significant 

differences (p < 0.05). 
a
P < 0.05, 

b
P < 0.01, 

c
P < 0.001 compared to positive control group. % change of 

positive control was calculated according to negative control. % change of all treated groups was 
calculated according to positive control. 
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Figure (1): Histopathological examination of pancreas tissue. A (negative control): showed 
normal pancreatic parenchyma, pancreatic acini, ducts and islets. B (positive control): 
showed acute pancreatitis, the congested blood vessel (arrow) and lecucocytic cells 
infiltration (arrowhead). C (bee venom treated group (0.5 mg/kg) , D (bee venom treated 

group (1.23 mg/kg)): showed slight congestion in the blood vessels (arrows) and E 
(Metformin and Atorvastatin treated group): showed congestion in the blood vessels 
(arrow). 
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Figure (2): Histopathological examination of liver tissue. A (negative control),D (bee venom 
treated group (1.23 mg/kg)),E (Metformin and Atorvastatin treated group) : showed normal 
normal hepatocytes, hepatic parenchyma, portal tract  and blood sinusoids, B (positive 

control): showed portal tract changes, the congested hepatoportal blood vessel (arrow head), 
and the hyperplastic bile duct (arrow),  C (bee venom treated group (0.5 mg/kg)): showed 
congestion in the central vein (arrow head) and blood sinusoids (arrows). 
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Figure (3): Histopathological examination of kidney tissue. A (negative control),D (bee 
venom treated group (1.23 mg/kg)),E (Metformin and Atorvastatin treated group) : showed 

normal renal parenchyma, renal glomeruli and renal tubules, B (positive control):showed acute 
interstitial nephritis, the interstitial congested blood vessels (arrow) and leucocytic cells 
infiltrations (arrow heads), C (bee venom treated group (0.5 mg/kg)): showed slight 
congestion in the glomerular blood capillaries (thick arrow) and peri-renal blood capillaries 

(thin arrow). 
 

 

 
 

 


