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ABSTRACT 

Bee venom BV draws attention in the medical field to manage several diseases, 

including type 2 diabetes mellitus (T2DM). Due to limited research on this field in 

Iraq, the study aimed to detect BV's histological and anti-oxidant impact in diabetic 

mice. Fifteen male mice were randomly assigned into three groups. The first group 

is control (C), the second is diabetic, and the last group is BV. At the end of 30 

days, the obtained serum was used to measure the level of glucose, insulin, super-

oxide dismutase (SOD), and malondialdehyde (MDA). Furthermore, the pancreas 

was histologically assessed using the Gomori stain. Alloxan showed significant 

elevation and reduction in the level of glucose and insulin compared to the control. 

These alterations were positively enhanced by BV. BV promoted significant ele-

vation in the activity of SOD and suppressed MDA compared to diabetic mice. 

Histologically, diabetic mice pancreas displayed a reduction of capsular tissue, is-

lets and beta cells vacuolization, beta cells initial degeneration, reduction in the 

shape and size of the islets and beta cells, and vascular hemorrhage. These changes 

were remarkably enhanced nearly to normal by BV. Therefore, BV could control 

the diabetic condition, which may be considered a potential anti-diabetic agent.  
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INTRODUCTION 

Diabetes is a chronic metabolic disorder that occurs due to inhibition synthesis and 

production of insulin as progressive pancreatic cell dysfunction and/or failure of 

specific tissues to respond appropriately to insulin.1 These defects can cause a dis-

turbance in the normal glucose and lipid metabolism, which leads to hyperglyce-

mia and hyperinsulinemia, which ultimately induces several pathologies.2, 3 Ac-

cording to the International Diabetes Federation4, there were 537 million adults 

people diagnosed with diabetes mellitus worldwide. This number is predicted to 

 



Bionatura  http://dx.doi.org/10.21931/RB/CSS/2023.08.01.45 2 
 

 

reach 643 million by 2030 and 783 million by 2045. Based on these estimates and 

predictive numbers of diabetes, the prevalence has dramatically increased and is 

considered a global health issue. Type 2 diabetes is a crucial form of metabolic 

dysfunction accounting for 90% of all diagnosed diabetes.4 Although insulin re-

sistance and beta cell failure are the main factors that participated in the develop-

ment of T2DM, the modern lifestyle, including high-calorie food availability, in-

take behavior, lack of physical movement, aging, and urbanization, also involved 

in the development of T2DM.4, 5, 6, 7 Therefore, the disease is considered multifac-

torial disorder which can be triggered through several pathways.  

Honeybee venom is a naturally occurring animal toxin recently applied to manage 

several disorders, including diabetes.8 The potential health benefits of BV are at-

tributed to several bioactive compounds including apamin, melittin, adolapin, and 

mast cell degranulation phospholipase A2. 9, 10, 11 The potential therapeutic effect 

of BV included anti-diabetes and regulation of glucose and lipid metabolism,12 

anti-microbial,13 anti-neoplastic14, anti-oxidant,15 anti-inflammation.16   

Recently, a few types of research were conducted to identify the potential thera-

peutic impact of BV to manage the diabetic condition through the regulation of 

glucose and insulin levels concomitant with changes in the histological architecture 

of the pancreas in Iraq.17, 18  Thus; the current study is performed to detect the 

potential anti-oxidant role of BV to improve nominated diabetic biomarkers and 

ameliorate the histological structure of the pancreas in diabetic mice.  

 

MATERIALS AND METHODS 

Study Ethic  

This study was performed under the regulation of Ethical Committees/ College of 

Pure Sciences at Wasit University (Wasit, Iraq) and the work license was approved.  

Animal housing and diabetes induction 

Fifteen male mice weighing 26-27 g at two months old were obtained from the 

Ministry of Sciences and Technology, Iraq, the main animal house. The mice were 

placed in the animal house of Al Qadisiya Veterinary Medicine College. The ani-

mals were housed in plastic cages and left for one week with free food and water 

for acclimatization. The animals were housed in standard environments, including 

humidity, temperature, and 12:12 light and dark cycle. After one week, ten mice 

were fasting overnight and intraperitoneally injected with alloxan (Sigma-Aldrich, 

UK) at 95 mg/kg body weight. The glucose solution was provided for three days, 

and the blood glucose level was estimated at day 4 by collecting blood from the 

tail. The average circulating blood glucose level was recorded as more than 200 

mg/dl. Therefore, diabetes in these animals was confirmed.  

Study design  

After the confirmation of diabetes, the animals were divided as follows: 

Control group: Five mice that received free food and water. 

Diabetic group: Five mice that received 95 mg/kg alloxan and confirmed to have 

diabetes. 

Bee Venom group: Five diabetic mice confirmed with diabetes and treated with 1 

mg/kg body weight BV intraperitoneal for 30 days.  

After 30 days, 0.3 mg/kg ketamine and 0.1 mg/kg lidocaine were used to anesthe-

tize the mice. The blood was obtained from the heart and directly subjected to cen-

trifuge for 15 minutes at 3000 cycles/minute to obtain serum. The serum was 

placed in tubes and maintained at -20◦C until required. For the histological study, 
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the pancreas of all mice was removed and transferred into 10% formalin for 48 

hours. 

Serological examination 

Specific ELISA kits were used to identify the level of glucose (Spinreact, Spain), 

insulin (Monobind, USA), superoxide dismutase (SOD) (Cohesion Sciences, 

USA) and malondialdehyde (MDA) (Cohesion Sciences, USA) in serum according 

to manufacturer instructions.  

Histological detection 

The fixed pancreas was moved to 70% graded ethanol alcohol after immersing in 

formalin. Then, the pancreas proceeded into the normal histological procedure. The 

resulting histological sections were stained with Gomori special stain for pancre-

atic islets. The Novel (China) light microscope with an optic (Italy) camera was 

used to investigate and image capture connective tissue stain. The histological pro-

cess is performed in a proper, efficient way. However, some artifacts could appear 

as the mice's pancreas is inflated, small, and fragile.   

Statistical analysis  

All data were organized using Microsoft Office Excel version 2019 (Microsoft, 

USA). Then Way ANOVA, followed by Turkey's test for multiple comparisons, 

was applied computationally using GraphPad Prism version 6 (GraphPad Software 

Inc., USA) to analyze the data. The P values were stated as <0.05 (*), <0.01 (**), 

<0.001 (***) and <0.0001 (****) between groups. The presented data were ex-

pressed as Mean ± Standard Error of Mean. 

RESULTS 

BV enhanced the glucose and insulin concentration in diabetic mice 

Alloxan-induced diabetic mice displayed massive increases in circulatory glucose 

concentration at 199% ± 3.24% compared to the control. This elevated glucose 

level was significantly reduced by 45.9% ± 5.8% in response to administration of 

1 mg/ kg body weight BV for 30 days (Figure 1 A). Furthermore, the level of cir-

culatory insulin was significantly decreased by 54.3% ± 10.24% in diabetic mice 

compared to control. Administration of BV positively improved this dropdown 

level of insulin and caused significant increases by 99.5% ± 9.3% compared to 

diabetic mice (Figure 1 B).  

BV ameliorated the level of oxidant and anti-oxidant markers in diabetic mice 

The lipid peroxidation marker malondialdehyde (MDA) was estimated in mice 

treated with alloxan. The displayed level was significantly increased by 94.4% ± 

4% compared to control mice. Whereas injected BV for 30 days improved this high 

level of MDA and promoted a significant reduction by 29.4% ± 5% compared to 

diabetic mice (Figure 2 A). Furthermore, the anti-oxidant role of superoxide dis-

mutase enzyme (SOD) was measured in diabetic mice, and the result showed a 

significant reduction in its activity by 58% ± 11.25% compared to control mice. 

However, BV significantly enhanced this alteration and caused marked increases 

in the level of SOD by 94.35% ± 4.24% compared to diabetics (Figure 2 B). 
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Figure 1. The effect of BV on glucose and insulin levels in diabetic mice. The BV significantly reduced the level of 

(A) glucose and significantly increased the level of (B) insulin compared to diabetic mice. 

 

 

 

Figure 2. The role of BV on oxidant and anti-oxidant markers in diabetic mice. The BV significantly reduced the 

level of (A) MDA and significantly increased the level of (B) SOD compared to diabetic mice. 

 

BV enhanced histological structure of the pancreas in diabetic mice 

The histological architecture of the pancreas was determined using a special 

Gomori stain. The pancreas of the control group appeared to have an obvious dis-

tribution of acinar cells in the ordinary exocrine part. The acinar cells have dark, 

obvious rounded nuclei with neutral cytoplasmic stains. The oval clear islet of 

Langerhans was seen embedded into the exocrine part, which was delineated by 

distinct thin connective tissue that exhibited blood supply. Normal shape and size 

with clear arrangement of the cells were displayed. Abundant beta cells appeared 

normal, polygonal, and blue-stained, with obvious nuclei distributed throughout 
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the islet parenchyma. Furthermore, the alpha cells appeared round to oval in shape 

and stained nearly red with clear nuclei. (Figures 3 and 4 A). 

The architecture of the pancreas in diabetic mice showed a clear reduction in the 

capsular connective tissue that separated between the acinar and endocrine parts. 

The islet exhibited variable vocalization as well as some beta cells vacuolization. 

Furthermore, initial beta cell degeneration was seen to be associated with mild beta 

cell atrophy (Figures 3 and 4 B).  

The histological architecture of mice pancreas injected with BV at 1 mg/ kg body 

weight for 30 days was examined. The histological result showed a clear enhance-

ment of pancreas architecture compared to diabetic mice pancreas. The capsular 

connective tissue that delineated the islet of Langerhans was seen clearly. Further-

more, the islet and beta cell vocalizations were remarkably reduced, associated 

with improved islet shape, beta cell size and number. The beta and alpha cell ar-

rangements were restored to the normal concomitant with the reduction or disap-

pearance of the cellular initial degeneration (Figure 3 and 4 C). 

 

 

 

Figure 3. The effect of BV on the histological structure of the pancreas. The histological architecture of the 

pancreas in (A) control mice, (B) diabetic mice, and (C) diabetic treated with BV. Gomori special stain was 

used, and the images were captured at 10X.  
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Figure 4. The effect of BV on the histological structure of the pancreas. The histological architecture of 

the pancreas in (A) control mice, (B) diabetic mice, and (C) diabetic treated with BV. Gomori special stain 

was used, and the images were captured at 40X.  

 

DISCUSSION 

The impairment of the balance between oxidant and anti-oxidant activity can tackle 

the oxidative stress condition, which could cause several cellular damages that lead 

to the development of many diseases, including diabetes.19, 20, 21 The latter recog-

nized by impairment of the normal glucose and lipid metabolism that causes ele-

vated in the glucose concentration associated with reduction the insulin concentra-

tion. Thus, regulation of glucose and insulin levels is important to manage the di-

abetic condition. Recently, several complementary medicinal plants that possess 

active compounds were applied to manage diabetic conditions 22 Furthermore, the 

traditional use of specific animal toxins brought great attention as these toxins 

could trigger several pathologies, including diabetic.17  

Several studies have investigated the effect of BV and its abundant active com-

pounds, including phospholipase A2 and melittin, on diabetes.23 The results 

showed the ability of the previous compounds to decrease the level of circulating 

glucose.17, 23, 24, 25 Furthermore, these compounds improved the reduction level of 

insulin. They caused a rise in the secretion of insulin.23, 25, 26, 27, 28 These results are 

similar to the current study result that showed significantly decreased glucose lev-

els associated with significantly increased insulin levels in diabetic mice exposed 

to BV. The increased level of insulin could be due to the depolarization of the 

plasma membrane of beta cells, which opens the Ca+2cannels that interred into the 

cells and trigger insulin secretion in response to BV.23, 29 The high level of insulin 

triggered glucose uptake in the main insulin-sensitive cells which caused lowering 

blood glucose concentration.1 This result suggested that the BV could participate 

in the management of diabetic conditions by maintaining the level of glucose 

Fundamentally, the body maintains the balance between oxidant/anti-oxidant ac-

tivities to perform the proper function. Oxidative stress is crucial in impairing the 

oxidant/anti-oxidant system and increased risk for pathogenesis development, like 

diabetes. Superoxide dismutase (SOD) is the anti-oxidant enzyme that scavenges 
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free radicals 30 and prevents cellular damage. 31 Oxidative stress can disrupt the 

anti-oxidant system, causing high levels of ROS, which is involved in cellular tox-

icity 32 and initiation of several diseases, including T2DM.33 The present study dis-

played a marked reduction in the level of SOD associated with increased activity 

of MDA in diabetic mice. This result would be expected, as several other studies 

found.34, 35, 36, 37 Furthermore, administration of BV to diabetic mice for 30 days 

caused a significant increase in the level of SOD and concomitant with a decreased 

level of MDA. This alteration in the oxidant/anti-oxidant system is attributed to the 

ability of BV to scavenge superoxide anion,38 and reduced ROS formation through 

the increasing activity of anti-oxidant enzymes, including glutathione, SOD and 

catalase39 and reduced activity of MDA.27, 28 Thus, this result suggested that the 

administration of BV could exert oxidative stress and consequently control the di-

abetic condition.  

Alteration of the pancreas architecture in response to oxidative stress is strongly 

linked to insulin resistance and T2DM. Therefore, induced diabetes caused varia-

ble degrees in the histological structure of the pancreas, including changes in the 

islet's shape, size, and number, islet vocalization, beta cell vocalization, hemor-

rhage, and initial degeneration of the pancreatic beta cells. All these changes were 

reversed with the variable degrees to the normal in response to BV.40, 41 This ame-

liorative effect could be due to the ability of the BV and its active compounds to 

reduce the inflammatory status and stimulate anti-oxidant enzyme activity.28, 40 

Based on this histological improvement of the pancreas associated with all previ-

ously mentioned results, the study suggested the BV could be a potential agent that 

used to regulate glucose and lipid metabolism and consequently diabetic disorder. 

CONCLUSIONS 

Alloxan-induced diabetes caused alteration in the levels of circulatory glucose and 

insulin, which confirmed the onset of diabetes and are the comment characteristics 

of it. Limited research showed the potential health benefits of using animal toxins, 

including bee venom. Accordingly, the current study showed BV's ability to reduce 

the glucose level associated with rising insulin levels. Furthermore, the BV en-

hanced the alteration in the histological structure of the pancreas in diabetic mice. 

This anti-diabetic effect refers to increased anti-oxidant enzyme activity. Thus, the 

BV is a promising agent that could be used to prevent and control diabetes and its 

consequences. However, precise molecular studies are required quantitatively and 

qualitatively to accurately understand the mechanism of action and the effect path-

way.  
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