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ABSTRACT
Introduction: Diabetes mellitus represents one of the most prevalent chronic diseases and a major public health challenge 
worldwide. It leads to serious consequences in several tissues including gastrointestinal tract. Bee venom (BV) is a traditional 
medicine used for treating various diseases. 
Aim: To investigate the effects of diabetes on gastric fundic mucosal changes and to evaluate the possible therapeutic role of 
BV on these changes in a rat model of streptozotocin (STZ) induced diabetes mellitus. 
Materials and Methods: Thirty adult male albino Wister rats were divided into four groups. Group I (control), group II 
(BV): received intraperitoneal injection (IP) of 0.5mg/kg BV twice weekly for four weeks, group III (diabetic): received 
single IP of 45mg/kg STZ and group IV (diabetic-BV treated): one week after confirmation of diabetes, rats received BV for 
four weeks (as group II). At the end of the experiment, samples of the fundus of the stomach were collected from all rats. The 
specimens were processed for light and transmission electron microscopic studies. Morphometric and statistical studies were 
also performed.
Results: Diabetic rats showed sloughing of fundic epithelium, significant decrease in mucous secreting cells, significant 
increase in collagen fibers and increase inflammatory cells in lamina propria. Cells of fundic glands were seen with karyolitic 
nuclei and dilated rough endoplasmic reticulum. Administration of BV showed improvement of histological structural 
changes induced by diabetes.  
Conclusions: BV have relevant therapeutic role in the fundic mucosa induced by diabetes. So, it could potentially provide 
possible solution for gastric changes associated with diabetes.
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INTRODUCTION                                                                       

Diabetes mellitus (DM) is a global threat in public 
health nowadays. It is a metabolic disease caused by failure 
of blood sugar control and it is a very common disorder, 
with a prevalence of 15.1% of total adult population in 
Egypt according to the international diabetes federation[1]. 
It is well known that deficiency of treatment of DM results 
in critical impairment by causing acute complications (as 
diabetic ketoacidosis) along with chronic complications 
including nephropathy, angiopathy, neuropathy, and 
ophthalmopathy[2]. Moreover, some investigators[3,4] 

noticed that most diabetic patients suffer one or more 
gastrointestinal symptoms, which involve abdominal pain, 
early satiety, constipation, diarrhea, nausea, vomiting, 
gastric bleeding and fecal incontinence. All these symptoms 
result in a poor quality of patient's life. 

Streptozotocin (STZ) is an antibiotic produced by 
Streptomyces achromogenes display several biological 
properties including anti-tumor and diabetogenic activities. 
It has been widely used for inducing experimental DM in a 

diversity of animals. It induces degeneration of pancreatic 
β-cells therefore simulating the naturally occurring DM. 
Moreover, STZ- induced diabetes may display most of the 
diabetic complications such as, cardiovascular, nervous, 
kidney and urinary bladder dysfunction[5].

There is still much to be improved in the treatment of 
diabetes. An important strategy to fight against diabetes 
epidemic is to prevent or delay the disease[6]. Regarding 
the side effects and high prices of blood sugar lowering 
chemicals, achieving new therapeutic agents with low side 
effects seems to be necessary. Bee venom (BV) or apitoxin, 
produced in the venom gland of the bee (Apis mellifera), is 
a complex mixture of substances with reported biological 
activity[7,8]. Bee venom therapy is a treatment modality 
involving the application of live bee stings to the patient’s 
skin or, in more recent years, the injection of BV into the 
skin with a hypodermic needle[9]. Recently, BV has proven 
its effectiveness in traditional medicine for treating a 
variety of disease conditions, as arthritis, back pain, skin 
diseases, liver disorders, cardiovascular diseases and even 
cancerous tumors. In addition to its anti-inflammatory 
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activity, BV also exhibits antioxidant, antimicrobial, and 
analgesic effects[10]. Honey BV has been utilized as pain 
reliever and as treatment against inflammatory diseases 
since ancient times[11,12]. It is a traditional Korean medicine 
that has been widely used in the treatment of some 
immune-related diseases[12]. Bee-venom contains various 
peptides including mellitin, apamin, adolapin and mast 
cell degranulation peptide, which have a wide variety 
of pharmaceutical properties. It also contains enzymes 
(e.g. phospholipase A2) and non-peptide components 
(e.g. histamine, lipids and carbohydrates). The two major 
ingredients of BV are phospholipase A and melittin[13,14,15].

AIM OF THE WORK                                                               

To investigate gastric fundic mucosal structural 
changes that could occur in STZ- induced diabetes in rats 
and to evaluate the possible therapeutic role of BV on these 
changes that might yield promising results and potentially 
provide a possible solution for this depleting disease. 

MATERIALS AND METHODS                                               

A-Animals
Thirty adults male Wistar albino rats weighing                         

200-250 gm were used in this study. All procedures 
of animal care and experiments were done according 
to guideline of animal care and the scientific research 
ethical committee of the Faculty of Medicine, Ain Shams 
University. Animals were housed in clean wire mesh cages 
under standard conditions of illumination and ventilation. 
They were allowed free access to standard laboratory chow 
and water. The experiment was performed in the Medical 
Research Center, Ain Shams University hospitals.

B-Experimental design
Rats were kept for one week before the beginning of 

the experiment for acclimatization. Before STZ injection, 
blood glucose level was measured to ensure that rats were 
normoglycemic. Then they were randomly divided into 
four groups:

Group I (Control): included five rats which received 
a single intraperitoneal (IP) injection of 0.1 ml of 0.1 M 
citrate buffer of PH 4.5, which is the vehicle of the STZ.
The animals were then sacrificed after five weeks.

Group II (bee venom): included five rats which 
received a single (IP) injection of 0.1 ml of 0.1 M citrate 
buffer as in group I and after one week each rat received IP 
injection of 0.5 mg/kg BV (dissolved in 1 ml sterile water) 
twice weekly (3-4 days apart) at fasting condition for four 
consecutive weeks then the animals were sacrificed)[16]. 
Bee venom powder was purchased from Department of 
Allergy and Clinical Immunology, Faculty of Medicine, 
Ain Shams University.

Group III (diabetic): included ten rats. Each rat 
received single IP injection of 45mg/kg STZ in 0.1 ml of 
0.1 M citrate buffer pH 4.5 (Sigma, USA)[17]. Rats were 

fed with glycosylated water in the following 24 hours, in 
order to avoid hypoglycemia resulting from destruction of 
beta cells. To confirm diabetes, three days after induction, 
fasting blood glucose level was measured from the tail 
vein using One Touch Ultra 2 glucose meter and strips 
(LifeScan, Inc. USA). Animals were considered diabetic 
with blood glucose level ≥ 250 mg/dl[17]. The animals were 
then sacrificed after five weeks.

Group IV (diabetic-BV treated): included ten rats. Each 
rat received single IP injection of STZ as group III. One 
week after conformation of diabetes[18] rats received BV 
as group II, (IP injection of 0.5 mg/kg BV twice weekly             
(3-4 days apart) at fasting condition for four consecutive 
weeks and then they were sacrificed). All injections were 
preceded by sterilization of the skin of the rats’ abdomen 
with Betadine antiseptic solution.

C-Blood glucose level analysis
A drop of fresh blood was collected from the animal`s 

tail using a lancet at fasting conditions. Fasting blood 
glucose levels were measured in all groups twice weekly 
using glucometer instrument One Touch Ultra 2 glucose 
meter and strips (LifeScan, Inc. USA) and statistical 
analysis were done.

D-Sample collection
At the end of the experiment, rats were sacrificed by 

cervical dislocation after ether inhalation anesthesia. 
Laparotomy was done, the stomach was dissected out, split 
longitudinally with scissors along their greater curvature, 
and washed thoroughly with saline to remove food 
residues. Thereafter, fundus specimens were divided into 
two halves. One half was processed for obtaining paraffin 
block after being pinned onto a card to avoid rolling of 
the specimens, while the other half was processed for 
transmission electron microscope (TEM).

E-Histological study

I-Preparation of paraffin sections
Fundic specimens were fixed in 10% buffered formalin, 

dehydrated, cleared and embedded in paraffin. Serial 5 μm 
sections of the specimens were stained with Hematoxylin 
and Eosin (HandE), Masson`s trichrome stain and 
combined Alcian blue–PAS staining[19].

II-Preparation of Transmission electron microscope 
(TEM) study

Small pieces (1mm3) from the fundus were cut and 
fixed immediately in 2.5% glutaraldehyde solution, 
followed by 1% osmium tetroxide, dehydrated, and 
embedded in epoxy resin. Ultrathin sections were collected 
on copper grids and stained with uranyl acetate and lead 
citrate[19]. The ultrastructural examination was carried 
out with a transmission electron microscope (JEM-1010; 
JEOL, Akishima-Shi, Tokyo, Japan) at the Regional Center 
for Mycology and Biotechnology, Al Azhar University.
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F-Morphometric measurements
Samples were analyzed using an image Leica Q win 

V.3 program installed on a computer in the Histology 
and cell biology Department, Faculty of Medicine, Ain 
Shams University. The computer was connected to a 
Leica DM2500 microscope with built-in camera (Leica 
Microsystems GmbH, Ernst-Leitz-StraBe, Wetzlar, 
Germany). Five specimens from five different rats of 
each group were examined (n=5). From each specimen, 
five different captured non-overlapping fields were taken. 
Five different readings from every captured photo were 
counted and the mean was calculated for each specimen. 
Measurements were taken by an independent observer 
blinded to the specimens’ details to perform an unbiased 
assessment.

The following parameters were measured
1. Mean thickness of the gastric fundic mucosa was 

measured as the perpendicular distance between 
the gastric mucosal surface and the muscularis 
mucosa X100

2. The mean area percentage of collagen fibers 
stained by Masson trichrome stain X400

3. The mean of area percentage of different types of 
mucous secreting cells stained by combined Alcian 
blue–PAS. X200

G-Statistical analysis
All data were collected, revised, and subjected to 

statistical analysis using one-way analysis of variance 
(ANOVA) performed with SPSS.21 program (IBM Inc., 
Chicago, Illinois, USA) and post-Hoc least significant 
difference. The significance of the data was determined by 
the P value. P values greater than 0.05 were considered 
non-significant, and P values equal or less than 0.05 were 
considered significant. Summary of the data was expressed 
as mean ± standard deviation (SD).

RESULTS                                                                                      

Mortality rate
Two rats had died in diabetic group (group III) during 

the experiment with mortality rate of 20%. No further 
deaths were recorded in the other groups.

Histological results
In the present study, examination of the structure of 

fundus of the stomach of rats of group I (control group) and 
group II (BV group) revealed nearly similar histological 
structure in all different histological methods.

A) Light microscopic results 
Histological examination of HandE stained sections of 

group I (control) and group II (BV) showed the wall of the 
gastric fundus formed of mucosa, submucosa, muscularis 
externa and serosa. The mucosa was composed of regularly 
arranged tightly packed tubular fundic glands surrounded 

by connective tissue lamina propria and basally bounded 
by smooth muscle of mascularis mucosa (Figure 1A). 
The lining epithelium of apical part of fundic gland was 
composed of surface columnar mucous secreting cells 
having basal rod -shaped nuclei and apical vacuolated 
cytoplasm. The neck of fundic glands contained large 
parietal cells with acidophilic cytoplasm and central 
rounded vesicular nuclei (Figures 1B and 1D). Moreover, 
the basal part of the fundic gland was lined by many low 
columnar chief cells with basal nuclei and basal basophilic 
cytoplasm. Few parietal cells with acidophilic cytoplasm 
and groups of mucous neck cells having flattened 
basal nuclei and vacuolated cytoplasm were detected                
(Figures1C and 1E). Many chief cells were also noticed in 
group II (Figure 1E). 

Meanwhile, examination of group III (diabetic) 
showed significant (P≤0.05) thinning of the fundic mucosa 
compared to all other groups (Table 1), focal epithelial 
cell depletion and ulceration of the fundic glands was 
also noticed (Figure 2A). The apical parts of the fundic 
glands were distorted and most of the epithelial lining was 
sloughed. Some cells appeared with vacuolated cytoplasm 
and pale stained nuclei. Parietal cells were frequently seen 
sloughed (Figure 2B).  In addition, the basal part of the 
fundic gland displayed focal sloughing of epithelial lining. 
Different types of cells had deeply stained pyknotic nuclei. 
Chief cells in the base of the gland sometimes appeared 
cubical with pale cytoplasm and large nuclei. Congested 
blood vessel and inflammatory cells are seen in the lamina 
propria between widely spaced fundic glands (Figure 2C). 

Examination of group IV (diabetic- BV treated) showed 
the fundic mucosa is nearly comparable to the control group. 
The fundic mucosa was significantly (P≤0.05) increased 
compared to group III (Table 1). The fundic glands were 
regularly arranged with short narrow pits (Figure 2D). 
The apical parts of the fundic glands were lined by closely 
packed surface mucous cells with oval vesicular nuclei. 
Many mucous neck cells with foamy cytoplasm and basal 
flattened nuclei and some parietal cells with acidophilic 
cytoplasm were noticed (Figure 2E). In addition, the basal 
parts of the fundic glands were lined by many Chief cells 
and few parietal cells (Figure 2F).

Examination of Masson’s trichrome stained section 
of group I (control), group II (BV group) and group IV 
(diabetic- BV treated) showed few collagenous fibers 
within the lamina propria, mostly between the bases of 
the fundic glands (Figures 3A, 3B and 3D).  Meanwhile, 
examination of group III (diabetic) showed significant 
increase (P≤0.05) in the collagen fibers in the lamina 
propria of fundic glands compared to the other groups 
(Figure 3C, Table 1).

Examination of combined Alcian blue–PAS stained 
section of group I (control) and group II (BV group) 
showed the surface columnar mucous-secreting cells with 
magenta PAS-positive reaction, whereas the mucous neck 
cells showed strong Alcian blue-positive reaction. A faint 
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Alcian blue-positive reaction was noticed over scattered 
basal cells (Figures 4A and 4B). However, examination of 
group III (diabetic) showed significant decrease (P≤0.05) 
of both of PAS and Alcian blue - reaction in most fundic 
gland cells. Sloughed out fundic glands could also be 
seen (Figure 4C). Examination of group IV (diabetic- 
BV treated) showed significant increase (P≤0.05) of 
both of PAS and Alcian blue - positive reaction of the 
mucous cells of the fundic glands compared to group III                                                                            
(Figure 4D, Table 1).

B) Transmission electron microscopic results
Ultrastructure examination of sections of group I 

(control) showed the surface mucous secreting cells with 
numerous apical electron dense mucous granules and 
basal rod shaped euchromatic nuclei (Figure 5a). Mucous 
neck cells had numerous apical electron lucent mucous 
granules and basal euchromatic nuclei (Figure 5b). Parietal 
cells showed rounded euchromatic nuclei and prominent 
nucleoli. The cytoplasm had numerous mitochondria and 
intracellular canaliculi (Figure 5c). Other Parietal cells 
showed intracellular canaliculi with many microvilli 
(Figure 5d). Chief cells showed some apical electron dense 
granules, basal oval shaped euchromatic nuclei and basal 
rough endoplasmic reticulum (Figure 5e). Enteroendocrine 
cells had euchromatic nuclei and numerous small mostly 
basal electron-dense secretory granules (Figure 5f). 

Meanwhile, examination of group III (diabetic) showed 
an apparent decrease height of surface mucous secreting 
cells compared to control group. Most cells were seen with 
karyolitic nuclei (chromatin dissolution). Cytoplasmic 
vacuolations were also seen between few apical electron 
dense granules (Figure 6a). Mucous neck cells had basal 
euchromatic nuclei with prominent nucleoli. They showed 
numerous apical electron lucent mucous granules with 
central electron dense core (Figure 6b). Parietal cells with 
rounded karyolitic nuclei and cytoplasmic vacuolations 
were frequently seen (Figure 6c). Immature chief cells 
appeared with large apical electron lucent granules. Most 
chief cells were seen with prominent dilated basal rough 
endoplasmic reticulum (Figure 6d). Enteroendocrine 
cells appeared with cytoplasmic vacuolations and they 
were located near blood capillary in the lamina propria                   
(Figure 6e). Moreover, some eosinophils were detected, 
they showed characteristic oval granules with a crystalline 
body core. Chief cells with prominent dilated rough 

endoplasmic reticulum could be noticed (Figure 6f). 

However, examination of group IV (diabetic-BV 
treated) showed the surface mucous secreting cells had 
numerous apical electron dense mucous granules and 
irregular euchromatic nuclei with prominent nucleoli 
(Figure 7a). Mucous neck cells appeared with numerous 
apical electron lucent mucous granules and basal rod 
shaped euchromatic nuclei (Figure 7b). Parietal cells had 
rounded euchromatic nuclei and their cytoplasm showed 
numerous mitochondria and characteristic tubulovesicular 
system (Figure 7c). Few transitional cells had some apical 
variable size electron dense granules and basal oval shaped 
euchromatic nuclei were detected (Figure 7d). Moreover, 
some chief cells had some apical variable size electron 
lucent granules, basal oval shaped euchromatic nuclei 
and prominent basal rough endoplasmic reticulum were 
noticed (Figure 7e). Enteroendocrine cells appeared with 
euchromatic nuclei and numerous small electron-dense 
secretory granules (Figure 7f).

C) Morphometric and statistical results (Table 1)
Non-significant changes (P>0.05) were detected 

between group I (control) and group II (BV) in all the 
statistical parameters measured in this study.

1. The mean of blood glucose levels showed 
significant increase in group III compared with the 
other groups. Meanwhile, there was a significant 
decrease in group IV compared with group III.

2. The mean thickness of the gastric fundic mucosa 
showed significant decrease in group III compared 
with the other groups. However, there was a 
significant increase in group IV compared with 
group III.

3. The mean area percentage of collagen fibers 
stained by Masson trichrome stain showed 
significant increase in group III compared with the 
other groups. Meanwhile, there was a significant 
decrease in group IV compared with group III.

4. The mean area percentage of different types of 
mucous secreting cells stained by combined Alcian 
blue–PAS showed significant decrease in group III 
compared with the other groups. However, there 
was a significant increase in group IV compared 
with group III.
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Fig. 1: photomicrographs of the fundus from group I (control) and group II (bee venom) [A-C] Group I: [A] the fundic wall is formed of regularly arranged 
tightly packed tubular fundic glands (↨), lamina propria (*), mascularis mucosa (↑), submucuosa (S) and musclaries externa (M). [B] the apical part of fundic 
glands are lined by surface mucous cells (↑) and large parietal cells (▲) with acidophilic cytoplasm and central rounded vesicular nuclei. [C] the basal part 
of fundic gland is lined by many low columnar chief cells with basal nuclei and basal basophilic cytoplasm (↑). Few parietal cells with acidophilic cytoplasm 
(▲) and groups of mucous neck cells having flattened basal nuclei and vacuolated cytoplasm (curved arrow) are noticed. [D, E] Group II: [D] the apical part 
is formed of fundic glands with surface mucous cells (↑) and large parietal cells (▲). [E] many chief cells are noticed in the basal part of the glands (↑). Some 
mucous neck cells (curved arrow) and few parietal cells (▲) are also seen.  HandE [A X 100, Scale bar: 200 µm]    [B - E X 400, Scale bar: 50 µm]

Fig. 2: photomicrographs of the fundus from group III (diabetic) and group IV (diabetic-BV) [A-C] Group III: [A] marked thinning of the mucosa, focal 
epithelial cell depletion (↑) and ulceration (▲) of the fundic glands. [B] the apical part of fundic glands is distorted with sloughed epithelial lining (↑). Some 
cells appear with vacuolated cytoplasm and pale stained nuclei (▲), sloughed parietal cells (curved arrow) are also seen. [C] the basal part of fundic glands is 
seen with focal sloughing of epithelial lining (▲). Many cells have deeply stained pyknotic nuclei (↑). Congested blood vessel (*) and inflammatory cells are 
seen in the lamina propria between widely spaced fundic glands. Inset: cubical chief cells appeared with pale cytoplasm and large nuclei.  [D-F] Group IV: [D] 
the fundic glands are regularly arranged with short narrow pits (↑). [E] the surface is lined by closely packed surface mucous cells with oval vesicular nuclei 
(↑). Many mucous neck cells (curved arrow) are noticed. Some Parietal cells (▲) are also detected. [F] the basal part is lined by many Chief cells (↑) and few 
parietal cells (▲).HandE [A, D X 100, Scale bar: 200 µm]     [B, C, E, F X 400, Scale bar: 50 µm]   [Inset in C X 1000]
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Fig. 3: photomicrographs of the basal part of fundic mucosa [A] Group I (control) and [B] Group II (bee venom): few collagen fibers (↑) in the lamina propria of 
the mucosa are noticed. [C] Group III (diabetic): an apparent increase in the collagen fibers (↑) in the lamina propria of fundic glands. [D] Group IV (diabetic- 
BV treated): few collagen fibers (↑) in the lamina propria.  [Masson’s trichrome stain X400, scale bar: 50µm]
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Fig. 4: photomicrographs of fundic mucosa [A] Group I (control) and [B] Group II (Bee venom): showing surface mucous secreting cells with periodic 
acid–Schiff (PAS)-positive reaction (↑), whereas the mucous neck cells show strong Alcian blue-positive reaction (↑↑). A faint Alcian blue-positive reaction 
is noticed over scattered basal cells (▲). [C] Group III (diabetic): marked reduction in both PAS (↑) and Alcian blue (↑↑) positive reaction is noticed in most 
cells of the fundic gland. Notice sloughed out fundic glands (∆). [D] Group IV (diabetic- BV treated): some surface mucous secreting cells have PAS-positive 
reaction (↑), whereas some mucous neck cells show strong Alcian blue-positive reaction (↑↑). Notice weak Alcian blue-positive reaction over scattered cells 
(▲). [Combined Alcian blue–PAS X 400, scale bar: 50µm]
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Fig. 5: electron micrographs of different cells lining fundic glands from Group I (control) showing: (a) Surface mucous secreting cells with numerous apical 
electron dense mucous granules (↑) and basal rod shaped euchromatic nuclei (N). (b) Mucous neck cell with numerous apical electron lucent mucous granules 
(↑) and basal euchromatic nucleus (N). (c) Parietal cells with rounded euchromatic nuclei and prominent nucleoli (N). The cytoplasm shows numerous 
mitochondria (↑) and intracellular canaliculi (Δ). (d) Parietal cell with rounded euchromatic nucleus (N) and intracellular canaliculi (↑) with many microvilli 
(Δ). (e) Chief cell with some apical electron dense granules (▲), basal oval shaped euchromatic nucleus (N) and basal rough endoplasmic reticulum (Δ). Notice 
part of parietal cells with their characteristic tubulovesicular system and numerous mitochondria (↑). (f) Enteroendocrine cell with a euchromatic nucleus (N) 
and numerous small electron-dense basal secretory granules (↑). TEM [(a, c) X 6000 (b, e) X 8000 (d) X 5000 and (f) X 12000]
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Fig. 6: electron micrographs of different cells lining fundic glands of Group III (diabetic) showing: (a) Surface mucous secreting cells with some apical electron 
dense granules (↑). Notice focal cytoplasmic vacuolation that separates the apical granules (Δ) and the nuclei are karyolitic (*). (b) Mucous neck cells with 
numerous apical electron lucent mucous granules with central electron dense core (↑). Notice their nuclei are basal and euchromatic with prominent nucleoli 
(N). (c) Parietal cells with rounded karyolitic nucleus (*) and cytoplasmic vacuolations (↑). (d) Chief cell with some apical variable size electron lucent 
granules, basal oval shaped euchromatic nucleus (N) and prominent dilated basal rough endoplasmic reticulum (↑). (e) Enteroendocrine cell with a euchromatic 
nucleus and cytoplasmic vacuolations (↑). Notice nearby blood capillary (*). (f) Eosinophil cell with characteristic oval granules with a crystalline body core 
(↑). Notice cells with prominent dilated rough endoplasmic reticulum (Δ). TEM [(a) X 4000 (b) X 5000 (c, d, e, f) X 8000]
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Fig. 7: electron micrographs of different cells lining fundic glands of Group IV (diabetic- BV treated) showing: (a) Surface mucous secreting cells with 
numerous apical electron dense mucous granules (↑). Notice the irregular euchromatic nuclei with prominent nucleoli (N). (b) Mucous neck cell with numerous 
apical electron lucent mucous granules (↑) and basal rod shaped euchromatic nucleus (N). (c) Parietal cell with rounded euchromatic nucleus (N). The 
cytoplasm shows numerous mitochondria (↑) and characteristic tubulovesicular system (Δ). (d) A cell contains apical variable size electron dense granules (↑) 
and basal oval shaped euchromatic nucleus (N) was detected between parietal cells (Δ). (e) Chief cell with some apical variable size electron lucent granules 
(↑), basal oval shaped euchromatic nucleus (N) and prominent basal rough endoplasmic reticulum (Δ). (f) Enteroendocrine cell with a euchromatic nucleus (N) 
and numerous small electron-dense secretory granules (↑). TEM [(a, d) X 6000 (b, e) X 10000 (c) X 8000 and (f) X 12000]

Table 1: showing mean ± SD of blood glucose levels (mg/dl), thickness of the gastric fundic mucosa, area percentage of collagen fibers and 
different types of mucous secreting cells in different groups

Groups Blood glucose levels (mg/dl) Thickness of gastric 
fundic mucosa (µm) Area % of Collagen fibers Area % of mucous secreting cells

Control group I 108±1.58 644.17±11.59 3.37±0.31 18.14±0.2

Group II 105.6±1.51 648.98±9.68 2.59±0.25 17.73±0.27

Group III 338.8±4.43▲ 348.22±6.43∆ 16.14±0.96▲ 2.94±0.39∆

Group IV 127.4±5.72■ 509.55±9.50○ 5.78±0.68■ 10.29±0.41○

▲Significant increase compared with all other groups.
∆ Significant decrease compared with all other groups.
■ Significant decrease compared with group III.
○ Significant increase compared with group III.
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DISCUSSION                                                                          

Diabetes is a chronic disease that affects approximately 
170 million people worldwide, numbers that are 
expected to double in the next few years[20]. Diabetes 
and its complications affect many organs, especially 
the gastrointestinal tract[21]. Despite the wide range of 
pharmacological drugs that have been used as an antidiabetic 
agent, there is a continuous search for new alternatives, 
due to their side effects. This study investigated the role of 
bee venom (BV) on the structure of fundic mucosa in STZ 
induced diabetes.

Diabetic complications are caused by prolonged 
hyperglycemia which causes excess production of reactive 
oxygen species (ROS). ROS increases the level of lipid 
peroxidation which is the cause of long-term complications 
of diabetes[5]. Diabetic complications are also caused by 
defects in the body`s antioxidant defense systems, reduced 
angiogenesis, more rapid apoptosis, damages to DNA, 
cellular membranes and organelles. Hyperglycemia can 
add to the oxidative stress when the production of ROS 
exceeds the antioxidant capacity[22]. Hyperglycemia also 
leads to increased protein glycation. Glycation is a non-
enzymatic reaction between sugars and a free amino 
group of proteins resulting in structural and functional 
alteration in proteins with formation of advanced glycation 
end-products (AGEs). Protein glycation and AGEs are 
accompanied by increased free radical activity that leads 
to the biomolecular damage in diabetes. It is important to 
identify and develop AGE inhibitor that can suppress AGE 
formation[14]. Meanwhile, formerly other researchers[23] 
suggested that early lesion of gastric mucosa might be 
associated with the direct action of streptozotocin, the 
severity of which may be further intensified by diabetic 
state.

The isthmus of the fundic gland harbored active 
multipotent stem cell that could replenish all mature 
lineages within the gland daily[24]. It is suggested that all 
mature gastrointestinal epithelial cell lineages arise from 
a common stem cell, and this is known as the "Unitarian 
Theory". The stem cell niche of gastric fundic epithelium 
is nearer the lumen than in the base of the glands so, it is 
likely to be more exposed to surface irritants and requires 
bidirectional migration of its daughter cells[25]. It was added 
that fundic gland respond to injury via superficial response 
and glandular response. Superficial response is a rapid 
adaptation which involves changes in the rapidly dividing 
surface epithelium lining the stomach. It includes: epithelial 
restoration by cell migration, increase mucous production, 
increase blood flow and isthmus cell proliferation. While, 
glandular response involves slower adaptations by deeper 
cells in the gastric unit (parietal cells and chief cells). It is 
proposed that stomach, exhibits marked cellular plasticity 
which involves reprogramming of mature cells to serve as 
auxiliary stem cells that replace lost cells[24]. 

In diabetic group of the current study, focal sloughing 
of gastric mucosal epithelium was noticed, with intact 

surface epithelium above the sloughed areas. This might 
be due to the rapid superficial response induced by 
cellular migration. It was suggested that focal erosions 
of the stomach are repaired by increased proliferation of 
neighboring stem cells[25]. Also, focal mucosal ulcerations 
were noticed in scattered areas of fundic glands in diabetic 
group of the present study. Disruption of surface epithelium 
was confirmed by loss of mucous granules in PAS/
Alcian blue stained sections with a significant decrease 
in mucous producing cells. The observed decrease in 
mucous producing cells with consequent loss of mucosal 
barrier might be the cause of the observed gastric mucosal 
ulceration in diabetic group. Some authors reported that the 
defense mechanisms of the gastric mucosa are disordered 
in diabetes. This increases its sensitivity to ulcerogenic 
factors and inhibits healing of gastric mucosal lesions[18]. 
Other authors attributed the cause of mucosal ulceration to 
back diffusion of hydrogen ions in the stomach, reduction 
in gastric blood flow, formation of free radicals and loss 
of mucosal glycoprotein. Free radicals cause degradation 
of the epithelial basement components, alteration of the 
cell metabolism and DNA damage[4]. It was reported that 
diabetes is associated with delayed or impaired repair of 
injured tissue, because diabetes is associated with hypoxia, 
defective T cell immunity and defects in phagocytosis[22]. 

Moreover, a significant decrease in thickness of fundic 
mucosa was noticed in rats of diabetic group of the current 
work. Some authors[26] postulated that endocrine hormones 
secreted by the gastrointestinal tract influence most 
gastrointestinal functions. Increased plasma concentration 
of somatostatin, reduced plasma gastrin concentration 
and smaller antral G-cell population was noticed in 
diabetic rats. They also reported that somatostatin is a 
recognized inhibitor of gastrin release. Since gastrin has 
been implicated in the control of gastric growth, so reduced 
secretion of this hormone is an explanation of parietal cell 
hypoplasia, gastric atrophy and reduced stomach weight in 
diabetic rats. It was added that diabetes is also associated 
with neuropathy that may reduce vagal input to the stomach 
leading to the observed gastric atrophy. In the current 
study, ultrastructural changes (cytoplasmic vacuolations) 
were noticed in enteroendocrine cells of diabetic group. 
This was explained by some researchers[27] who stated 
that mucosal enteroendocrine cells are chemosensory cells 
that monitor luminal environmental changes and mucosal 
abnormalities. They added that the stomach has a large 
population of ‘closed’ type enteroendocrine cells that are 
localized to the lower half of gastric glands with parietal 
cells.

In the current study, eosinophilia and an apparent 
increase number of inflammatory cells were noticed in 
lamina propria of diabetic group. It was reported that 
diabetes is always associated with hypoxia which amplify 
the inflammatory response through augmentation of 
inflammatory mediators (e.g. IL-6) and increasing the 
levels of oxygen radicals[22].  The diabetic group of the 
present work also showed sloughing of apoptotic parietal 
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cells with ultrastructural changes as karolytic nuclei and 
vacuolations. It was proposed that chronic inflammation of 
the stomach leads to loss or atrophy of parietal cells. It was 
also suggesting that parietal cells might influence stem cell 
proliferation, following certain types of injury[25]. So, the 
observed affection of parietal cells in diabetic group, might 
be the cause of disturbed healing of gastric mucosa in the 
current study. 

In addition, some investigators[28] revealed that chief 
cells arise from mucous neck cells that migrate into the basal 
part of the gland with gradual change of mucous secretion 
to digestive enzyme secretion as they enter the base of the 
gland. A transition zone is noticed between the end of the 
neck zone and the beginning of the base that harbored cells 
containing both mucus and zymogens granules. Immature 
zymogen cells contain abundant large granules than mature 
cells. Differentiation of zymogen cells normally occurs in 
many phases: neck cell; transitional zone cell; and mature 
zymogen cell. In the current study, mucus neck cells were 
frequently seen with numerous apical electron lucent 
granules with central electron dense core. These cells 
might represent the transitional mucous neck cells. 

In the current study, dilated endoplasmic reticulum was 
frequently noticed in chief cells of diabetic group. This 
was explained by some investigators[29,30] who postulated 
that hyperglycemia induces oxidative stress by producing 
stress of the endoplasmic reticulum in the form of dilation 
of the endoplasmic reticulum. They also added that if 
endoplasmic reticulum dysfunction is severe or prolonged 
it can lead to endoplasmic reticulum stress–induced 
apoptosis and cell death 

In the current study, dilated congested blood vessels and 
significant increase collagen fibers content were noticed 
in lamina propria of diabetic group. It was suggested that 
increased collagen content in diabetic rats can be attributed 
to increase hydroxyproline content which is a major 
component of collagen fibrils. Increase hydroxyproline 
is associated with insulin resistance[31]. Moreover, other 
scientists[32] reported that diabetes is associated with 
vascular dysfunction which lead to reduced blood flow and 
is correlated with insulin resistance. 

In a trial of ameliorating the structural changes that 
had occurred to gastric fundic mucosa subjected to 
streptozotocin induced diabetes mellitus, Bee Venom (BV) 
was used as a possible agent in the current study in group 
IV. Recently, BV has proven its effectiveness in traditional 
medicine for treating a variety of disease conditions. In 
addition to its anti-inflammatory activity, BV also exhibits 
antioxidant, antimicrobial, and analgesic effects[10]. 
Moreover, some investigators[4] reported that agents that 
have gastro-protective properties are classified into two 
groups; those that decrease or counter acid/pepsin secretion 
and those that provide cyto-protection by their effects on 
mucosal defensive factors. These defensive factors include 
mucin secretion, cellular mucus, antioxidants, bicarbonate 

secretion, mucosal blood flow and cell turnover. In the 
present study, proliferation of mucous neck cells with a 
significant increase in mucous producing cells was noticed 
in PAS/Alcian blue stained sections in diabetic-BV treated 
group compared to diabetic untreated group. This might 
suggest that BV has cyto-protective effects on fundic 
mucosa.

Administration of BV also lead to restoration of the 
ultrastructure of cells of fundic gland. It was suggested 
that in tissue injury, honeybee product stimulates rapid 
development and differentiation of stem cells into needed 
cells[33]. It was also reported that BV and its components 
are effective in proliferation, survival and differentiation 
of stem cells[34]. In diabetic-BV treated group of the current 
study, an almost normal structure of parietal cells was 
noticed. It was stated that increase parietal cell count in 
BV treated rats suggests a potential proliferative effect of 
BV on parietal cells[35].

In the present work, focal reduction of inflammatory 
cells was noticed in BV treated group compared to diabetic 
untreated group. It was postulated that BV exerts anti-
inflammatory effects. It is as effective, if not, more effective 
than known antibacterial drugs involving no side effects 
in animal models[12]. Administration of BV stimulates 
the function of immune system and induces the release 
of cortisol which is known as natural anti-inflammatory 
agent[35].

In the current study, a significant decreased in blood 
glucose level was noticed following BV treatment. This 
could be attributed to mellitin and phospholipase-A 
which constitutes about 52% of the venom peptides. 
They diminish inflammation of islets of Langerhans 
and stimulate them to secret insulin[7]. BV also inhibits 
proinflammatory cytokines and free radicals which induce 
apoptosis of beta cells[36].  Moreover, other scientists[14] 

suggested that BV has a significant antiglycation effect 
so it can prevent glycation-induced alteration in diabetes. 
Bee venom has been used as a traditional medicine to treat 
chronic inflammatory conditions. Bee venom therapy 
is done by various methods, as Apitherapy (using live 
honeybee stings), apipuncture (BV acupuncture) and by 
direct injection. 

CONCLUSION AND RECOMMENDATION                   

Bee venom had prevented structural changes in the 
fundic mucosa in a rat model of STZ induced diabetes. So, 
it might potentially provide a possible solution for gastric 
structural changes induced by diabetes mellitus.

However, there is still a wide diversity of questions 
remain open. Therefore, it is recommended that long term 
investigations are still highly desired to understand the new 
molecular targets for treatment of diabetes mellitus.

CONFLICTS OF INTEREST                                                    

There are no conflicts of interest.



1041

                                       Raafat and Hamam

REFERENCES                                                                          

1. International Diabetes Federation. IDF Diabetes Atlas, 
(2017). 8th edition. Brussels, Belgium.

2. Shi Y, Hu FB. The global implications of diabetes and 
cancer. Lancet; 2014; 383: 1947-1948.

3. Talley NJ, Young L, Bytzer P, Hammer J, Leemon 
M, Jones M, Horowitz M. Impact of chronic 
gastrointestinal symptoms in diabetes mellitus on 
health-related quality of life. Am J Gastroenterol 
2001; 96: 71-76.

4. Ige E.O. Adewoye, N.C. Okwundu, O.E. Alade, P.C. 
Onuobi. Oral Magnesium reduces gastric mucosa 
susceptibility to injury in experimental diabetes 
mellitus. Pathophysiology 2016; 23(2): 87–93. 

5. Yi JK, Ryoo ZY, Ha JJ, Oh DY, Kim MO, Kim SH. 
Beneficial effects of 6-shogaol on hyperglycemia, 
islet morphology and apoptosis in some tissues of 
streptozotocin-induced diabetic mice. Diabetol Metab 
Syndr. 2019; 12; 11:15.

6. Yu TY, Wei JN, Kuo CH, Liou JM, Lin MS, Shih SR, 
Hua CH, Hsein YC, Hsu YW, Chuang LM, Lee MK, 
Hsiao CH, Wu MS, Li HY. The Impact of Gastric 
Atrophy on the Incidence of Diabetes. Sci Rep. 2017; 
3(7):39777.

7. Mousavi SM, Imani S, Haghighi S, Mousavi SE, 
Karimi A. Effect of Iranian Honey Bee (Apis mellifera) 
Venom on Blood Glucose and Insulin in Diabetic Rats. 
J Arthropod-Borne Dis. 2012; 6(2):136–143.

8. Orsolic, N. Bee venom in cancer therapy. Cancer 
Metast. 2012; Rev. 3, 173e194.

9. Lee WR, Pak SC and Park KK. The Protective Effect 
of Bee Venom on Fibrosis Causing Inflammatory 
Diseases. Toxins. 2015; 7: 4758-4772.

10. Zhang S1, Liu Y1, Ye Y2, Wang XR2, Lin LT1, Xiao 
LY2, Zhou P1, Shi GX1, Liu CZ3. Bee venom therapy: 
Potential mechanisms and therapeutic applications. 
Toxicon. 2018; 148:64-73.

11. Han S, Lee K, Yeo J, Kweon H, Woo S, Lee M, Baek 
H, Kim S, Park K. Effect of honey bee venom on 
microglial cells nitric oxide and tumor necrosis factor-
production stimulated by LPS. J Ethnopharmacology, 
2007; 111 (1): 176–181.

12. Yoon MH, Lee DW, Kim HJ, Chung JY, Doo A, Kim SN, 
Choe B. Investigation of the Neuroprotective Effects 
of Bee-venom Acupuncture in a Mouse Model of 
Parkinson’s Disease by Using Immunohistochemistry 
and In− vivo1 H Magnetic Resonance Spectroscopy at 
9.4 T. Journal of the Korean Physical Society, 2013; 
62 (2): 320-327.

13. Lee KG, Cho HJ, Bae YS, Park KK, Choe JY, Chung 
IK, Kim M, Yeo JH, Park KH, Lee YS, Kim CH, Chang 
YC. Bee venom suppresses LPS-mediated NO/iNOS 

induction through inhibition of PKC- Expression. J 
Ethnopharmacology, 2009; 123 (1): 15–21.

14. Behroozi J, Divsalar A, Saboury AA. Honey bee venom 
decreases the complications of diabetes by preventing 
hemoglobin glycation. Journal of Molecular Liquids.  
2014; 199: 371–375.

15. Sobral F, Sampaio A, Falco S, Queiroz SFM, Calhelha 
R, Boas MV, Ferreira ICF. Chemical characterization, 
antioxidant, anti-inflammatory and cytotoxic 
properties of bee venom collected in Northeast 
Portugal. Food and Chemical Toxicology 2016; 94: 
172-177.

16. Son DJ, Lee JW, Lee YH, Song HS, Lee CK, Hong 
JT. Therapeutic application of anti-arthritis, pain-
releasing, and anti-cancer effects of bee venom and 
its constituent compounds. Pharmacol Ther. 2007; 
115(2): 246-270.

17. Zangiabadi N, Sheibani V, Asadi-Shekaari M, 
Shabani M, Jafari M, Asadi AR, Tajadini H, Jarahi 
M. Effects of Melatonin in Prevention of Neuropathy 
in STZ-Induced Diabetic Rats. American Journal of 
Pharmacology and Toxicology. 2011; 6 (2): 59-67.

18. Podvigina TT, Bagaeva TR, Bobryshev PU, and 
Filaretova LP. High Sensitivity of Gastric Mucosa 
to Ulcerogenic Effect of Indomethacin in Rats with 
Diabetes. Byulleten’ Eksperimental’noi Biologii i 
Meditsiny, 2011; 152 (7): 48-52.

19. Bancroft JD, Layton C, Suvarna SK. Bancroft’s 
Theory and Practice of Histological Techniques. 7th 

ed. Elsevier Churchill Livingstone: London, United 
Kingdom; (2013). pp. 386–535.

20. Hozzein WN, Badr G, Badr BM, Allam A, Ghamdi AA, 
Al-Wadaan MA, Al-Waili NS. Bee venom improves 
diabetic wound healing by protecting functional 
macrophages from apoptosis and enhancing Nrf2, 
Ang-1 and Tie-2 signaling. Molecular immunology, 
2018; 103: 322-335.

21. Hauschildt AT, Corá LA, Volpato GT, Sinzato YK, 
Damasceno DC, Américo MF. Mild diabetes: long 
term effects on gastric motility evaluated in rats. Int J 
Exp Pathol. 2018; 99(1): 29-37. 

22. Amin MA and Abdel-Raheem IT. Accelerated wound 
healing and anti-inflammatory effects of physically 
cross-linked polyvinyl alcohol–chitosan hydrogel 
containing honeybee venom in diabetic rats. Arch. 
Pharm. Res. 2014; 37:1016–1031.

23. Piyachaturawat P, Poprasit J, Glinsukon T, Wanichanon 
C. Gastric mucosal lesions in streptozotocin-diabetic 
rats. Cell Biol Int Rep. 1988 Jan;12(1):53-63.

24. Sáenz JB and Mills JC. Acid and the basis for cellular 
plasticity and reprogramming in gastric repair 
and cancer.  Nature reviews, gastroenterology and 
hepatology, 2018; 15, 257-273.



1042

ROLE OF BEE VENOM ON GASTRIC MUCOSA IN DIABETES MELLITUS

25. Mills JC and Shivdasani RA. Reviews in basic and 
clinical gastroenterology and hepatology. Gastric 
Epithelial Stem Cells. Gastroenterology. 2011; 
140:412–424.

26. Lin L, Ji M, Zhang HJ, Lin Z, Zhao ZQ. Effect 
of erythromycin on gastric dysmotility and 
neuroendocrine peptides in rats with diabetes mellitus. 
Chin Med Sci J. 2005 Sep;20(3):176-80.

27. Kaji Land Kaunitz JD. Luminal chemosensing in the 
gastroduodenal mucosa. Curr Opin Gastroenterol. 
2017; 33(6): 439–445.

28. Ramsey VG, Doherty JM, Chen CC, Stappenbeck TS, 
Konieczny SF and Mills JC. The maturation of mucus-
secreting gastric epithelial progenitors into digestive-
enzyme secreting zymogenic cells requires Mist1. 
Development 2007; 134, 211-222.

29. Xu C, Bailly-Maitre B, Reed JC. Endoplasmic 
reticulum stress: cell life and death decisions. J Clin 
Invest. 2005;115(10): 2656-2664.

30. Chagas VT, Coelho RM, Gaspar RS, da Silva SA, 
Mastrogiovanni M, Mendonça C, Ribeiro MN, Paes 
AM, and Trostchansky A. Protective Effects of                
a Polyphenol-Rich Extract from Syzygium cumini 
(L.) Skeels Leaf on Oxidative Stress-Induced Diabetic 
Rats. Oxid Med Cell Longev (2018); 2018: 5386079.

31. Berria R, Wang L, Richardson DK, Finlayson J, 
Belfort R, Pratipanawatr T, De Filippis EA, Kashyap S, 
Mandarino LJ. Increased collagen content in insulin-
resistant skeletal muscle. Am J Physiol Endocrinol 
Metab. (2006); 290(3): E560-5.

32. Williams AS, Kang L, and Wasserman DH. The 
Extracellular Matrix and Insulin Resistance. Trends 
Endocrinol Metab (2015); 26(7): 357–366.

33. Safitri E, Widiyatno TV, Prasetyo RH. Honeybee 
product therapeutic as stem cells homing for ovary 
failure, Veterinary World, 2016; 9(11): 1324-1330. 

34. Nabiuni M, Azimi E, Shiravi A, Nazari Z. Honey 
Bee Venom Will Differentiate Mesenchymal Stem 
Cells into the Osteocyte. International Conference on 
Applied Life Sciences (ICALS 2012); 10-12, 2012: 
247-250.

35. Ali MAM. Studies on Bee Venom and Its Medical 
Uses. International Journal of Advancements in 
Research and Technology, 2012; 1(2): 1-15.

36. Badr G, Hozzein WN, Badr BM, Al-ghamdi A, Saad 
eldien HM, and Garraud O. Bee Venom Accelerates 
Wound Healing in Diabetic Mice by Suppressing 
Activating Transcription Factor-3 (ATF-3) and 
Inducible Nitric Oxide Synthase (iNOS)-Mediated 
Oxidative Stress and Recruiting Bone Marrow- 
Derived Endothelial Progenitor Cells. J. Cell. Physiol. 
2016; 231: 2159–2171.



1043

                                       Raafat and Hamam

الملخص العربى

الدور المحتمل لسم النحل على الغشاء المخاطي لقاع المعدة في مرض السكري 
المحدث بواسطة الستربتوزوتوسين في الجرذان. دراسة هستولوجية

منى حسين رأفت و غادة جالل حمام

قسم األنسجة و بيولوجيا الخلية . كلية الطب جامعة عين شمس . القاهرة , مصر

المقدمة: يمثل مرض السكري أحد االمراض المزمنة األكثر انتشارا كما يمثل تحديا رئيسيا في مجال الصحة العامة في 

جميع أنحاء العالم ويؤدي هذا المرض إلى عواقب وخيمه في العديد من األنسجة بما في ذلك الجهاز الهضمي. ويصنف 

سم النحل ضمن الطب التقليدي المستخدم لعالج األمراض المختلفة. 

الهدف من البحث: دراسة اثار مرض السكري علي التغيرات النسيجية في الغشاء المخاطي لقاع المعدة، وتقييم الدور 

العالجي المحتمل لسم النحل علي هذه التغييرات في نموذج مرض السكري المحدث بواسطة الستربتوزوتوسين  في 

الجرذان.

المواد وطرق البحث: قسم ثالثون من ذكور جرذان الويستر المهق البالغين إلى أربع مجموعات. المجموعة األولى 

(الضابطة)، المجموعة الثانية (مجموعة سم النحل) تلقت حقنتين أسبوعيا من سم النحل (٠.٥ مج⁄كم) داخل الصفاق لمدة 

أربع أسابيع، المجموعة الثالثة (مجموعة مرض السكري) تلقت حقنة واحدة من ستربتوزوتوسين (٤٥ مج⁄كم) داخل 

الصفاق. المجموعة الرابعة (مجموعة مرض السكري- وسم النحل) بعد أسبوع من التأكد من اإلصابة بمرض السكري 

تم إعطاء الجرذان سم النحل لمدة أربع أسابيع كما في المجموعة الثانية. بعد انتهاء مدة التجربة تم جمع عينات من قاع 

المعدة من جميع الجرذان، وتم تجهيز العينات لدراستها بالمجهر الضوئى واإللكترونى النافذ. كما أجريت أيضا دراسات 

قياسية وإحصائية. 

داللة  ذو  وانخفاضا  المعدة،  لقاع  الظهاري  النسيج  في  انسالخا  السكري  بمرض  المصابة  الجرذان  أظهرت  النتائج: 

زيادة خاليا  إلى  باإلضافة  الكوالجين  ألياف  في  إحصائية  داللة  ذات  وزيادة  للمخاط،   المفرزة  الخاليا  في  إحصائية 

اإلندوبالزمية  الشبكة  في  توسع  و  منحلة  بأنوية  المعدة  كما شوهدت خاليا غدد  المخصوصة.  الصفيحة  في  االلتهاب 

الخشنة. وأظهر إعطاء سم النحل تحسنا في البنية النسيجية الهيكلية الناجمة عن مرض السكري. 

الغشاء  في  المحدث  السكري  الناجمة عن مرض  التغيرات  في عالج  امكانية  له  النحل  سم  استخدام  أن  االستناجات: 

المخاطي لقاع المعدة فى الجرذان. مما يمكن أن يوفر حال محتمال للتغيرات المعدية المرتبطة بمرض السكري.


