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SUMMARY 
Diabetes mellitus (DM) can cause gastric ulcers 

(GU), duodenal ulcers (DU), and gastroesophageal 
reflux disease (GERD). Mucus-secreting cells se-
crete mucus, which aids in the neutralization of 
HCl and inhibits bacteria. DM can alter mucus-se-
creting cells. Due to a lack of mucosal defense, 
external stimuli such as bacteria or ethanol can 
lead to the development of GU, DU, and GERD. 
This research study used a STZ-induced diabet-
ic rat model to examine the short- and long-term 
histopathology and ultrastructural alterations in 
mucus-secreting cells in the cardia, body, and py-
loric regions of the stomach. Quantitative analysis 
was also employed in this study to examine the 
distribution of mucin granules across all three lo-
cations. Twenty-four male adult Sprague-Dawley 
rats were utilized. Rats were divided into the con-
trol (n = 12) and DM (n = 12) groups. Each was sep-
arated into short-term (4 weeks) and long-term 
(24 weeks) rats. For DM induction, streptozotocin 
(STZ) can selectively destroy the beta cells of the 
pancreas. The DM was injected with STZ in citrate 
buffer at 60 mg/kg body weight. The control group 
was injected with citrate buffer. Histopathology 
was examined by Alcian blue-Periodic Acid Schiff 

staining under a light microscope. Image analysis 
was applied to quantify mucin accumulation. The 
ultrastructure was explored using transmission 
electron microscopy. In short-term and long-term 
DM, there was superficial erosion of the gastric 
epithelium and a significant decrease in the per-
centage of mucin granule accumulations in both 
surface mucous cells (SMCs) and mucous neck 
cells (MNCs). In short-term DM, SMCs were de-
generated with vacuolation, disrupted cristae of 
mitochondria, and dilated rough endoplasmic re-
ticulum (rER). MNCs were swollen with destroyed 
organelles. In long-term DM, degenerative nu-
clei and electron-lucent regions with unidenti-
fied structures of SMCs were observed. Nuclear 
chromatin condensation and the disappearance 
of mucin granules were present in MNCs. In con-
clusion, under both LM and TEM, STZ-induced 
diabetic rats demonstrated both short- and long-
term damage to the gastric mucosa and gastric 
gland structures. 
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INTRODUCTION 
Diabetes mellitus (DM) is a metabolic syndrome 

that is increasing worldwide. DM can be diagnosed 
based on a persistent high blood glucose level and 
HbA1c of more than 126 mg/dL and 6.5%, respec-
tively. DM can be classified into two main catego-
ries: type 1 (T1DM, absolute insulin deficiency) 
and type 2 (T2DM, insulin resistance and relative 
insulin decrease) (Krishnan et al., 2013). DM has 
been reported to lead to several diabetes-related 
complications, such as diabetic neuropathy, dia-
betic endocrinology, and gastrointestinal symp-
toms (Baimai et al., 2020, 2021; Lerkdumnernkit 
et al., 2022). Diabetic patients with diabetic gast-
ropathy (75%) appear to have many gastric symp-
toms, such as epigastric pain, nausea, vomiting, 
weight loss, abdominal bloating, postprandial 
fullness, hematemesis, and hematochezia (Saba-
tine, 2020). All of these symptoms are related to 
gastric ulcer (GU), duodenal ulcer (DU), and gas-
troesophageal reflux disease (GERD). 

Gastric mucosal secretory cells play an essen-
tial role in the stomach secreting mucous to pro-
tect the gastric epithelium (Barrett et al., 2010). 
Mucus-secreting cells are composed of surface 
mucous (SMCs) and mucous neck (MNCs) cells of 
the gastric mucosa and gastric gland, which are 
an essential part of mucosal protection. SMCs and 
MNCs secrete mucus-containing alkaline bicar-
bonate (HCO3), which aids in the neutralization of 
HCl and inhibits bacteria (Barrett et al., 2010). DM 
can alter mucus-secreting cells, which leads to im-
paired protective defense. Gastric mucosal lesions 
in DM, for example, mucosal hyperemia, desqua-
mation of surface epithelium, foci of mucosal ne-
crosis and erosion, and decreased mucus-secret-
ing cells, have been reported (Raafat et al., 2019). 
GU occurs when there is an imbalance between 
mucosal protection and gastric acid destruction. 
Reduced mucus containing alkaline bicarbonate 
(HCO3) from the gastric mucosa and gastric gland 
proper, which is located in the stomach’s body, 
can reduce the factor inhibiting bacteria. As a re-
sult, external factors such as H. pylori, drugs such 
as NSAIDs, and ethanol can easily cause GU. All 
those external factors can pass from the stomach 
to the duodenum if the mucus-secreting cells in 
the pyloric mucosa and pyloric gland are reduced. 

These factors also consequently cause DU. In ad-
dition, decreased mucus-secreting cells at the 
cardiac part of the stomach allow acid to revert up 
into the esophagus, causing GERD. 

The histopathology and ultrastructural changes 
in diabetic mucus-secreting cells in the mucosal 
and glandular regions have never been published, 
and it would be interesting to investigate the 
short- and long-term histopathology and ultra-
structural changes in mucus-secreting cells in the 
cardia, body, and pyloric regions of the stomach 
in a STZ-induced diabetic disease rat model. This 
study also used quantitative analysis to compare 
the proportion of mucin granules in each area in 
all three regions. The results of this research can 
confirm the histopathological evidence and ultra-
structural damage using various techniques to re-
late the cause of DM with cell damage and gastric 
symptoms. These discoveries could lead to the 
development of diagnostic strategies, preventive 
awareness, and treatments for DM.

MATERIALS AND METHODS

Animal model

Twenty-four male adult Sprague-Dawley rats 
(6-8 weeks old), weighing between 200-230 g, 
were employed. All animals were obtained from 
the National Laboratory Animal Center at Mahidol 
University in Thailand. The “Guide for the Care 
and Use of Laboratory Animals” was followed 
when caring for the animals used in this investi-
gation, which was authorized by the Siriraj Ani-
mal Care and Use Protocol at Mahidol University 
in Thailand (COA No. 001/2564). Each animal was 
housed in a tidy individual cage and exposed to 
a set routine for temperature (25°C), illumination 
(12:12-hour light: dark cycle with the lights on at 7 
a.m.), humidity (55±10%), and ventilation (15-20 
times per hour). Throughout the trial, the animals 
had access to water and a standard laboratory 
food ad libitum (Baimai et al., 2020, 2021; Chook-
liang et al., 2021; Lerkdumnernkit et al., 2022).

Drug and animal induction

The rats were randomly divided into the con-
trol and DM groups that had been injected with 
streptozotocin (STZ) (Across Organics, Janssen 
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Pharmaceutical, Belgium) to induce DM. Twelve 
rats from the diabetic group received a single in-
traperitoneal injection of STZ at a dose of 60 mg/
kg body weight in citrate buffer at pH 4.5 (Baimai 
et al., 2020, 2021; Chookliang et al., 2021; Lerk-
dumnernkit et al., 2022). The same amount of the 
buffer was intraperitoneally administered to 12 
rats in the age-matched control group. As short- 
and long-term outcomes, all animals were slaugh-
tered 4 and 24 weeks following intraperitoneal in-
jection, respectively.

Measurement of glucose concentration before 
the experiment and after STZ induction

Each animal was subjected to a 7-day fast, 
during which time the amount of glucose in their 
urine was measured using urinalysis control 
strips (Diabur-Test 5000, Roche Ltd., Germany). 
Glucose strips (One Touch® Ultra®, USA) were 
used to measure the entire blood glucose in a 
blood sample that was also drawn from the tail 
vein. Animals were used in this experiment if the 
urine glucose concentration was 0 mg/dL and the 
whole blood glucose level was less than 300 mg/dL 
(Baimai et al., 2020, 2021; Chookliang et al., 2021; 
Lerkdumnernkit et al., 2022). After a 12-hour fast, 
the body weight, and urine glucose levels were 
checked each day. After STZ administration at 48 
hours, 72 hours, and before sacrifice, whole-blood 
glucose levels were collected and assessed. 

Histopathological study

A histopathological examination using light mi-
croscopy (LM) was conducted on six control and 
six STZ-induced diabetic rats in each period. Be-
fore the thoracic cage was dissected to reveal the 
heart, each animal was sedated by inhaling hal-
othane. Immediately after that, 0.05 ml of hepa-
rin was administered into the left ventricle and 
allowed to circulate for 1-2 minutes to stop blood 
coagulation. The ascending aorta was accessed 
through the left ventricle with a blunt needle (18 
gauge), which was then constricted tightly. To al-
low the outflow of the perfused blood, the right 
atrium was then severed. The animal received 500 
ml of a 0.9% NaCl solution through the same cath-
eter to flush the blood out of the circulation. The 
treatment was carried out following the needs of 

each group of animals until the outflow fluid was 
clear. To preserve the tissues after perfusion with 
0.1 M phosphate buffer solution (PBS), 2.5% glu-
taraldehyde in 0.1 M PBS was manually adminis-
tered into the ascending aorta (Baimai et al., 2020, 
2021; Chookliang et al., 2021; Lerkdumnernkit 
et al., 2022;). The abdominal wall was surgically 
incised and opened after that. The stomach was 
then removed, cut open along the larger curva-
ture, and left in the same fixative overnight.

The stomach was dissected from each region us-
ing a sharp blade. In the histopathological study, 
the stomach was serially sectioned at a thickness 
of 5 µm. SMCs and MNCs were stained using Al-
cian blue-Periodic Acid Schiff (PAS) to detect mu-
cin. Under a light microscope attached to a digital 
camera, all specimens were examined and cap-
tured with a camera (Axiocam MRC, Jena, Germa-
ny). Small portions of the stomach (1 mm3) in each 
location were postfixed in 1% osmium tetroxide 
in 0.1 M PBS before being cut into plastic blocks 
using an ultramicrotome; the plastic specimens 
were serially sectioned at 1-1.5 µm thickness (Lei-
ca EM UC6, Vienna, Austria) (Baimai et al., 2020, 
2021; Chookliang et al., 2021; Lerkdumnernkit et 
al., 2022).

The mucin granule accumulations

Combined Alcian-blue and PAS staining was 
used to detect the mucin of SMCs and MNCs sep-
arately. The PAS-positive reaction can be used to 
locate the mucin of SMCs in addition to cell loca-
tion. The MNCs, on the other hand, can be iden-
tified by a strong Alcian blue-positive reaction. 
Ninety sections per group were chosen to quan-
tify mucin-stained mucus-secretory cell deposi-
tions, which were calculated as the percentage of 
mucin per area at 20x magnification. All quanti-
tative data were counted, measured, calculated, 
and analyzed by using the ImageJ software tool 
(National Institute of Mental Health, Bethesda, 
Maryland, USA).

Ultrastructural study 

Post-fixation of small sections of the stomach (1 
mm3) in 1% osmium tetroxide in 0.1 M PBS was 
followed by drying in a graded series of ethanol, 
cleaning in propylene oxide, and infiltration by 
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propylene oxide. The specimens were then im-
planted in plastic. An ultramicrotome (Leica EM 
UC6, Vienna, Austria) was used to section the 
tissue blocks. Semithin sections (1-1.5 µm) were 
stained with toluidine blue and examined under 
LM for representative areas (Axiostar plus, Jena, 
Germany). The ultramicrotome was then used 
to serially section the selected embedded spec-
imens at 80-85 nm thickness. Then, 1% uranyl 
acetate and lead citrate were used to stain the 
serial sections (Baimai et al., 2020, 2021; Chook-
liang et al., 2021; Lerkdumnernkit et al., 2022). 
Under the TEM, the ultrastructure of the stomach 
was viewed and photographed (TECNI20, Phillips 
Electron Optics, Holland).

Statistical analysis

The data were calculated as the mean ± standard 
deviation (SD). Differences between independent 
groups were analyzed by using the independent 

t-test (SPSS version 20.0 software, Inc., Chicago, 
IL, USA). Differences were considered significant 
at a p-value < 0.05.

RESULTS 
Diabetic rats exhibited symptoms such as poly-

uria, polydipsia, and polyphagia. Long-term dia-
betic rats had more severe symptoms than short-
term diabetic rats. Most diabetic rats were lethargic, 
tended to sleep, were not active, and had grooming 
drops. Generalized myopathy with weight loss was 
significantly presented in diabetic rats [short-term 
control = 325.18 ± 2.34 g, short-term DM = 198.34 
± 4.35* g (p < 0.05); long-term control = 458 ± 3.45 
g, long-term DM = 350.39 ± 3.43* g (p < 0.05)]. The 
glucose levels in both urine and blood were more 
than 500 mg/dL and 300 mg/dL, respectively. The 
external appearances of the stomach were similar 
between control and diabetic rats in both periods. 
When the gross anatomy of the diabetic rat stom-

Fig. 1.- Light micrographs of gastric mucosa and gastric gland in the cardiac region (A-B), body region (C-D), and pyloric region (E-
F) of short-term control (A, C, E) and short-term diabetic (B, D, F) rats. Positive reaction of PAS (black arrowheads); positive reaction 
PAS with strong Alcian blue (white arrowheads); limiting ridge (LR); slough tissue (asterisks); superficial erosion (white arrows). 
Combined Alcian blue-PAS staining. Scale bar = 50 µm.
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ach was inspected visually, there was no apparent 
lesions or ulcers. The stomachs were divided into 
two sections of non-glandular and glandular parts, 
separated from each other by a limiting ridge. The 
non-glandular parts were shown as having whit-
ish-brown mucosa, a translucent layer, and a thin 
wall. On the contrary, the glandular parts were rep-
resented by reddish mucosa and opaque, muscu-
lar, and thick wall. 

Histopathological findings and mucin granule 
accumulations 

The mucus-secreting cells were better visu-
alized with Alcian-blue and PAS staining (Figs. 
1-2), because the mucin granules were lost during 
HandE staining. In short-term DM rats, after Al-
cian-blue and PAS staining, greater sloughing of 
the gastric epithelium and gastric lumen and su-
perficial erosions of the gastric glands were ob-
served (Figs. 1B, 1D, 1F, 2B, 2D, 2F), compared to 

those of the control rats (Figs. 1A, 1C, 1E, 2A, 2C, 
2E). Staining with Alcian-blue and PAS can sep-
arate the deep magenta color of insoluble muci-
nogen granules of SMCs from the lighter magen-
ta color of soluble mucinogen granules of MNCs. 
There was a significantly decreased percentage 
of mucin granule accumulation in both SMCs and 
MNCs in short- and long-term diabetic rats when 
compared with the control rats in the cardiac re-
gion (Figs. 1A-B, 2A-B,), body region (Figs. 1C-D, 
2C-D), and pyloric region (Figs. 1E-F, 2E-F), and 
Table 1. In addition, there were significantly de-
creased percentage of mucin granule accumu-
lation in both SMCs and MNCs in long-term DM 
when compared to the short-term DM.

Ultrastructures of mucus-secreting cells 

The mucus-secreting cells in this experiment rep-
resented secretory granules in both the supranu-
clear space and the apical surface of the cytoplasm. 

Fig. 2.- Light micrographs of gastric mucosa and gastric gland in the cardiac region (A-B), body region (C-D), and pyloric region 
(E-F) of long-term control (A, C, E) and long-term diabetic (B, D, F) rats. Positive reaction of PAS (black arrowheads); positive reac-
tion PAS with strong Alcian blue (white arrowheads); slough tissue (asterisks); superficial erosion (white arrows). Combined Alcian 
blue-PAS staining. Scale bar = 50 µm.
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Table 1. The percentage of mucin granule accumulations per area of SMCs and MNCs in all regions in both the short- and long-
term periods.

Parameters

% Mucin granule accumulations per area
(Mean ± SD)

Cardiac region Body region Pyloric region

SMCs

Short term 

Control
(n = 90) 29.20 ± 0.27 15.50 ± 0.84 20.03 ± 0.25

DM
(n = 90) 12.61 ± 0.16* 9.14 ± 0.97* 15.02 ± 0.15*

Long term 

Control
(n = 90) 29.13 ± 0.18 18.47 ± 0.10 20.23 ± 0.24

DM
(n = 90) 8.93 ± 0.39*# 3.59 ± 0.76*# 1.58 ± 0.38*#

MNCs

Short term

Control
(n = 90) 29.73 ± 0.69 6.85 ± 0.10 9.52 ± 0.85

DM
(n = 90) 14.98 ± 0.14* 4.93 ± 0.11* 6.54 ± 0.15*

Long term

Control
(n = 90) 29.54 ± 0.13 6.86 ± 0.16 9.68 ± 0.14

DM
(n = 90) 5.59 ± 0.14*# 2.34 ± 0.92*# 0.96 ± 0.85*#

*p<0.05; compared to the control rats in each gastric region in the same duration. 
#p<0.05; compared to the short-term rats in each region. 
Surface mucous cells (SMCs); Mucous neck cells (MNCs).

Fig. 3.- Transmission electron micrograph of surface mucous cells in the cardiac region (A-B), body region (C-D), and pyloric region 
(E-F) of short-term control (A, C, E) and short-term DM (B, D, F) rats. Surface mucous cell (SMC); lumen (L); vacuole (Va); debris (Db); 
black asterisks (mucin granules); electron lucent with unidentified structures (white stars). Scale bar = 1 µm. 
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Ultrastructures of surface mucous cells

In the control group, the mucous granule elec-
tron density varied in density at the apical area 
of SMCs (Figs 3A, 3C, 3E, 4A, 4C, 4E). SMCs in the 
apical areas of DM rats were swollen and damaged 
in short-term DM specimens. In addition, obvious 
cell debris and tiny fibrils (Figs. 3B, 3D), karyolitic 
nuclei (Fig. 3B), cytoplasmic vacuolation (Figs. 3D, 
3F), and electron-dense granules at the apex were 
observed (Fig. 3F). Moreover, electron-lucent ar-
eas and unidentified structures were also demon-
strated (Figs. 3B, 3D, 3F). In long-term DM speci-
mens, destructive SMCs with degenerative nuclei 
(Figs. 4D, 4F) and mucous-filled cytoplasm were 
observed (Figs. 4B, 4D, 4F). Mucus from some 
SMCs was partially released (Fig. 4B). Cell organ-
elles were destroyed (Fig. 4F). Dilated rER and 
electron-lucent regions and unidentified struc-
tures were also evident (Figs. 4D, 4F).

Ultrastructures of mucous neck cells

In the control group, bipartite secretory gran-
ules were present in MNCs (Figs. 5A, 5C, 5E, 6A, 
6C, 6E). In the short-term DM group, cell swelling 
features of MNCs were observed (Figs. 5B, 5D). Nu-
merous apical electron lucent mucous granules 
were present (Fig. 5D). In DM-MNCs, there was a 
large nucleolus in the euchromatin nucleus (Figs. 
5B, 5D). This can be seen in the electron-lucent 
area, unidentified structures, and secondary lyso-
somes in their cytoplasm (Figs. 5B, 5D). Moreover, 
dilated rER was observed in the cytoplasm (Figs. 
5B, 5D). In addition, a heterochromatin nucleus 
(Fig. 5F), and a dilated rER were found (Figs. 5B, 
5D). The disappearance of mucous granules was 
seen (Fig. 5F). In long-term DM samples, MNCs 
with progressive swelling with nuclear chromatin 
condensation were also revealed (Fig. 6B). (Fig. 
6B). Cytoplasmic organelles were degenerated, 
and electron-lucent areas were evident (Figs. 6B). 

Fig. 4.- Transmission electron micrograph of surface mucous cells in the cardiac region (A-B), body region (C-D), and pyloric re-
gion (E-F) of long-term control (A, C, E) and long-term DM (B, D, F) rats. Surface mucous cell (SMC); rough endoplasmic reticulum 
(rER); black asterisks (mucin granules); rough endoplasmic reticulum (rER); mitochondria (M); electron lucent with unidentified 
structures (white stars). Scale bar = 1 µm.
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Secondary lysosomes, fragmented rER, and elon-
gated mitochondria were also discovered (Figs 
6D). Some MNC cells appeared to be character-
ized by the absence of mucin granules that previ-
ously existed in their cytoplasm (Fig. 6F).

DISCUSSION 
The diabetic rats demonstrated diabetic symp-

toms such as polyuria, polydipsia, polyphagia, 
lethargy with sleep, inactivity with grooming, and 
unexplained weight loss, as well as abnormalities 
in both glucosuria and hyperglycemia, both of 
which were described in previous research (Bai-
mai et al., 2020, 2021; Chookliang et al., 2021; 
Lerkdumnernkit et al., 2022). In this experiment, 
all rats were nourished with a standard diet and 
water. Therefore, there were no external factors, 
such as H.pylori, that affected the gastric epithe-
lium. In addition, no other external stimuli, such 
as ethanol and NSAIDs were administered in this 

study. Although there was no visible lesions or ul-
cers when the gross structure of the diabetic rat 
stomach was examined with the naked eye, super-
ficial erosion of the epithelium lining every region 
of the stomach was visible under LM. It may be 
inferred that DM can damage SMCs. In the exper-
imental results obtained by the LM, the evident 
damage was confirmed from the TEM images.

The appearance of the SMC in short-term DM 
showed superficial erosion; superficial erosion 
was found to be more common in uncontrolled 
long-term diabetes, as reported in 2019 (Raa-
fat and Hamam, 2019). Superficial erosion was 
observed on the gastric mucosa in every region, 
which can indicate the disruption of epithelial 
tight junctions on surface epithelial cells (Har-
haj and Antonetti, 2004; Groschwitz and Hogan, 
2009; Rao, 2018). There had been several reports 
about the relationship between reactive oxygen 
species (ROS) and the disruption of epithelial 

Fig. 5.- Transmission electron micrograph of mucous neck cells in the cardiac gland (A-B), gastric gland proper (C-D), and pyloric 
gland (E-F) of short-term control (A, C, E) and short-term DM (B, D, F) rats. Mucous neck cell (MNC); parietal cell (PC); lysosome 
(Ly); fibroblast (F); lumen (L); rough endoplasmic reticulum (rER); electron lucent with unidentified structures (white stars); mucin 
granules (black asterisks); disappeared mucin granules (black stars). Scale bar = 1 µm.
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tight junctions (TJs) in the gastrointestinal tract 
(Harhaj and Antonetti, 2004; Groschwitz and 
Hogan, 2009; Rao, 2018). The epithelial surface 
consequently showed signs of cell debris, slough-
ing, and superficial erosion. SMCs were harmed 
by ongoing hyperglycemia and uncontrolled DM. 
Thus, the epithelium was shed as a result of the 
vicious cycle of DM.

Image analysis also revealed that mucin gran-
ules of SMCs and MNCs were significantly re-
duced in rats with short-term diabetes. When 
short-term and long-term DM were compared, 
the percentage of mucin granules gradually de-
creased. Accordingly, it can be possible that 
chronic hyperglycemia can worsen the severity 
of the disease. In addition, the electron microsco-
py results showed that vacuoles, fragmented rER, 
and destroyed organelles were found in SMCs and 
MNCs. Therefore, the mechanism of cell damage 
from DM can be explained as hyperglycemic con-

ditions destroying SMCs and MNCs via the ROS 
and apoptosis pathways. 

Hyperglycemic blood can produce an excessive 
amount of sorbitol. A rise in the sorbitol content 
can cause water to enter the cells (Chung et al., 
2003; Yan, 2018). Furthermore, sorbitol con-
sumed a large amount of NADPH. The result was 
that DM generated excessive reactive oxygen spe-
cies (ROS) production (Volpe et al., 2018; Ighoda-
ro, 2018; Yaun et al., 2019). The cell membrane 
and organelles can be destroyed by ROS, which fi-
nally underwent fluid infusion. Vacuolated SMCs 
and MNCs were presented in both short- and long-
term DM. Sustained hyperglycemia can change 
the mitochondria, causing them to malfunction. 
Then, ROS were produced, which triggered an 
apoptotic pathway via the recruitment of pro-
caspase-9 (Krijnen et al., 2009). Caspase-9 pro-
moted apoptosis by activating caspase-3. Chro-
matin condensation and pyknotic nuclei were 

Fig. 6.- Transmission electron micrograph of mucous neck cells in the cardiac gland (A-B), gastric gland proper (C-D), and pyloric 
gland (E-F) of long-term control (A, C, E) and long-term DM (B, D, F) rats. Mucous neck cell (MNC); parietal cell (PC); lumen (L); elec-
tron lucent with unidentified structures (white stars); mucin granules (black asterisks); disappeared mucin granules (black stars). 
Scale bar = 1 µm.
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observed. SMCs and MNCs had pyknotic nuclei as 
a result of nuclear chromatin condensation. SMCs 
and MNCs that were destructive had dilated rER, 
damaged organelles, and unidentified features. 
Hyperglycemia condition can destroy SMCs by 
dilated rER in the cytoplasm and led to ER stress 
(Eizirik et al., 2008). Finally, apoptosis occurred 
in the cells. Sustained hyperglycemia can gener-
ate advanced glycation end products (AGE) (Singh 
et al., 2014; Saberzadeh-Ardestani et al., 2018). 
If AGEs were generated repeatedly, the ROS level 
would be increased and cause the DNA damages. 
Damaged DNA can stimulate the protein kinase C 
(PKC) pathway, which can also increase the ROS 
activities. Mucus-secreting cells found to dra-
matically decrease in short-term DM rats. Mucin 
granules in DM declined significantly over time, 
since ROS causes cell death with reduced mucin 
granules. Finally, during diabetic conditions, mu-
cin granules were reduced in both cell types. From 
the DM group, it can be seen that the Golgi com-
plex stores, packages, and concentrates proteins 
for export. If the organelle was destroyed, mucin 
within the Golgi disappears, which was consistent 
with the TEM images. DM can directly affect mu-
cus-secreting cells. Consequently, stomach dis-
comfort due to the mucosal protection damages 
can present in DM patients. Uncontrolled DM over 
a long period can increase the severity of destruc-
tive mucus-secreting cells and lead to GU, DU, and 
GERD.

CONCLUSION 
STZ-induced diabetic rats showed both short-

term and long-term destruction of the gastric 
mucosa and gastric gland structures under both 
LM and TEM. It was found that damage to SMCs 
and MNCs occurred in all regions of the stomach. 
Therefore, this is consistent with the occurrence 
of ulcers and GERD in diabetic patients present-
ing with gastrointestinal symptoms such as ab-
dominal pain, nausea and vomiting, and stom-
ach bleeding. Therefore, these DM model rats are 
a suitable model to explain how morphological 
changes develop over time. Thus, these findings 
provide insights and knowledge for future pre-
ventive medicine applications. 
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