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Abstract
AIM: To investigate the gastric muscle injury caused by 
endoplasmic reticulum (ER) stress in rats with diabetic 
gastroparesis.

METHODS: Forty rats were randomly divided into two 
groups: a control group and a diabetic group. Diabetes 
was induced by intraperitoneal injection of 60 mg/kg 
of streptozotocin. Gastric emptying was determined at 
the 4th and 12th week. The ultrastructural changes in 
gastric smooth muscle cells (SMCs) were investigated 
by transmission electron microscopy. TdT-mediated 
dUTP nick end labeling (TUNEL) assay was performed 
to assess apoptosis of SMCs. Expression of the ER 
stress marker, glucose-regulated protein 78 (GRP78), 
and the ER-specific apoptosis mediator, caspase-12 
protein, was determined by immunohistochemistry.

RESULTS: Gastric emptying was significantly lower in 
the diabetic rats than in the control rats at the 12th wk 

(40.71% ± 2.50%, control rats vs  54.65% ± 5.22%, 
diabetic rats; P  < 0.05). Swollen and distended ER 
with an irregular shape was observed in gastric SMCs 
in diabetic rats. Apoptosis of gastric SMCs increased in 
the diabetic rats in addition to increased expression of 
GRP78 and caspase-12 proteins.

CONCLUSION: ER stress and ER stress-mediated 
apoptosis are activated in gastric SMCs in diabetic rats 
with gastroparesis.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Endoplasmic reticulum stress and/or ER stress-
induced apoptosis in the etiology of diabetic gastropa-
resis (DGP) remain unclear. This study focuses on the 
muscle injury caused by ER stress in rats with DGP. We 
found that apoptosis of gastric smooth muscle cells 
(SMCs) increased in diabetic rats in addition to increased 
expression of the ER stress marker, glucose-regulated 
protein 78, and the ER-specific apoptosis mediator, cas-
pase-12. This is the first study to demonstrate that ER 
stress and ER stress-induced apoptosis are activated in 
gastric SMCs in diabetic rats.
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INTRODUCTION
Diabetes mellitus, especially in patients with refractory 
symptoms, is associated with a high prevalence of  gas-
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trointestinal motility disorders. Gastroparesis is one of  
the most common and well-established complications of  
diabetes and is characterized by delayed gastric emptying 
without mechanical obstruction of  the stomach[1]. Gas-
troparesis affects approximately 20%-58% of  the diabetic 
population, particularly those individuals with long-stand-
ing, poorly controlled diabetes[2,3]. Symptoms associated 
with delayed gastric emptying include nausea, vomiting, 
bloating, postprandial abdominal pain and early satiety. 
In addition, other clinical consequences of  diabetic gas-
troparesis (DGP) include alterations in drug absorption 
and poor glycemic control[4,5]. Therapies including correc-
tion of  hyperglycemia, prokinetic drugs and alteration in 
dietary pattern may be helpful in controlling or relieving 
symptoms of  gastroparesis[6]. However, there are still a 
number of  patients who suffer from poorly controlled 
and long-term dyspeptic symptoms. Therefore, it is of  
interest to explore new strategies aimed at improving the 
prognosis of  this disease.

The pathophysiology of  DGP is complex and remains 
to be elucidated, and is traditionally considered to be the 
result of  vagal nerve impairment due to systemic auto-
nomic neuropathy in diabetes[7]. However, research has 
shown that there are no morphologic abnormalities in 
the myenteric plexus of  the stomach or in the abdominal 
vagus nerves[8]. The interstitial cells of  Cajal (ICC), which 
play a central role in gastrointestinal motility, are located in 
the greater curvature at the junction between the proximal 
and distal stomach, and serve as the gastric pacemaker and 
mediate inputs from enteric motor nerves to the smooth 
muscle. Recent research has demonstrated that loss or 
damage of  ICC networks is closely associated with gastric 
motor dysfunction[9-11]. Considerable attention has been 
paid to the role of  gastrointestinal hormones in DGP[12-15], 
but these studies reached different conclusions.

Endoplasmic reticulum (ER) stress-induced apopto-
sis has been implicated in the development of  multiple 
diseases. Increasing evidence has demonstrated that 
ER stress and/or ER stress-induced apoptosis have an 
important role in the pathogenesis of  diabetes mellitus 
and its complications including diabetic cardiomyopathy, 
atherogenesis and retinopathy[16-18]. The ER is an impor-
tant organelle that is required for cell survival, normal 
cellular function and is highly sensitive to alterations in 
its homeostasis. Disruption of  homeostasis leads to the 
accumulation of  unfolded proteins which are toxic to 
cells, and by disturbing cellular function, results in a state 
known as ER stress. In resting cells, all ER stress recep-
tors are maintained in an inactive state through their 
association with the ER chaperone, glucose-regulated 
protein (GRP) 78. GRP78 is an ER lumen protein whose 
expression is induced during ER stress and triggers the 
ER stress response, cumulatively called the unfolded pro-
tein response (UPR) which protects cells against environ-
mental stressors. However, if  the influence of  ER stress 
becomes serious, the UPR is unable to restore normal 
cellular function and signaling switches from pro-survival 
to pro-apoptotic, procaspase-12 is released and the apop-

totic response is initiated. The released procaspase-12 is 
subsequently cleaved to its active caspase-12 form which 
has been proposed as a key mediator in the initiation of  
ER stress-induced apoptosis[19,20].

To date, no studies have demonstrated the role of  ER 
stress or ER stress-induced apoptosis in the etiology of  
DGP. In the present study, we established a rat model of  
DGP. We focused on the ER changes in gastric smooth 
muscle cells (SMCs) in rats with DGP and investigated 
the apoptosis of  SMCs. Furthermore, in order to explore 
the possible role of  ER stress-induced apoptosis in the 
development of  DGP, the expression of  GRP78 and cas-
pase-12 in gastric SMCs was also examined.

MATERIALS AND METHODS
Animals
Healthy Wistar rats weighing 250-300 g were used in 
this study. The breeders were originally obtained from 
Luzhou Medical College Laboratories. All animal experi-
ments were conducted according to the guidelines of  the 
Local Animal Use and Care Committee of  Luzhou and 
executed according to the National Animal Welfare Law 
of  China. The animals were housed individually in cages 
and allowed to acclimate to the animal facilities 1 wk 
prior to experimentation.

Grouping and induction of diabetes 
All animals were starved for 12 h before experimentation, 
but were allowed free access to water. Forty rats were 
randomly allocated to two groups: a control group (n = 
20) and a diabetic group (n = 20). Diabetes was induced 
by intraperitoneal injection of  60 mg/kg of  streptozoto-
cin (STZ; Sigma-Aldrich, MO, United States) dissolved in 
sodium citrate buffer. The control group received citrate 
buffer only (0.1 mol/L; 2 mL/kg). Blood glucose levels 
were measured 72 h after injection of  STZ or citrate 
buffer. Animals were starved, but had access to drinking 
water for 6 h before blood glucose measurement. Plasma 
glucose concentrations ≥ 16.9 mmol/L were considered 
diabetic in these experiments.

Monitoring blood glucose concentration and body 
weight
Fasting blood glucose concentration in each rat was mea-
sured on the 3rd d and at the 4th, 8th and 12th wk, respec-
tively, after injection of  STZ or citrate buffer. The weight 
of  each rat was measured at the first, 4th, 8th and 12th wk.

Determination of gastric emptying
Gastric emptying was assessed after overnight fasting, 
but with free access to water. Methylcellulose at a con-
centration of  1.5% was dispersed in water at 80  ℃ under 
continuous stirring. The solution was allowed to cool to 
37 ℃, and then methylene blue, which was used as a non-
absorbable marker, was added to a final concentration of  
1 mg/mL. A volume of  0.4 mL of  methylene blue solu-
tion was given orally into the stomach through a feeding 
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tube. Rats were returned to their cages without food or 
water and killed 30 min later. The stomach was clamped 
at the pylorus and the gastroesophageal junction and 
removed. It was then cut open and the gastric contents 
were rinsed in 4 mL saline solution. The rinsing solution 
was collected and centrifuged at 3500 rpm for 15 min. 
The supernatant was determined at a wavelength of  640 
nm using a spectrophotometer. Gastric retention was cal-
culated based on the amount of  residual methylene blue 
using the following formula: gastric residual methylene 
blue = OD value of  the determined tube/OD value of  
the standard tube × 100%.

Section preparation and histological examination
Samples were processed for histological and immunohis-
tochemical examinations at the 12th wk after injection of  
STZ or citrate buffer. A portion of  the gastric biopsy was 
fixed in 4% paraformaldehyde and embedded in paraffin 
for immunohistochemistry and TdT-mediated dUTP nick 
end labeling (TUNEL) assay, respectively. Sections of  the 
gastric smooth muscle were also fixed in 2.5% glutaralde-
hyde in Sorensen’s phosphate buffer, stored at 4 ℃ and 
subsequently processed for routine transmission electron 
microscopy (TEM). 

Detection of apoptosis
Apoptotic cells were detected by TUNEL assay (Roche 
Diagnostics, Bromma, Sweden). Tissue sections from 
gastric biopsy were dewaxed and rehydrated, then in-
cubated for 30 min at 37  ℃ with a proteinase working 
solution. The slides were placed in a plastic jar containing 
200 mL of  0.1 mol/L citrate buffer (pH 6.0) and 350 W 
microwave irradiation was applied for 5 min. The slides 
were rinsed twice with PBS and incubated with a solu-
tion composed of  the enzyme terminal deoxynucleotidyl 
transferase and nucleotide mixture (label solution) in a 
humidified box in the dark for 60 min at 37  ℃. For the 
negative control, only 50 µL label solution was added. 
After incubation, the slides were rinsed 3 times with PBS. 
Then 50 µL converter-POD was added to the slides. Di-
aminobenzidine was used as the substrate for peroxidase, 
which yielded the characteristic brown color for nuclei. 
The sections were then washed, counterstained with he-
matoxylin, dehydrated, and sealed. Negative controls were 
included for each test. All cell counts were performed 
using a × 40 magnification objective lens. The apoptotic 
rate was determined as the average percentage of  positive 
cells in ten different fields which were randomly chosen.

Determination of the expression of GRP78 and 
caspase-12 proteins
Immunohistochemistry (IHC) was used to determine 
the expression of  GRP78 and caspase-12 proteins. Five-
micrometer-thick paraffin-embedded sections were de-
waxed in xylene, followed by a graded series of  ethanol. 
Antigen retrieval was performed in Tris-EDTA (pH = 6.0) 
buffer using a microwave for 12 min. The tissues were 
washed with PBS (pH = 7.4) for 10 min and 0.3%H2O2 
for 30 min in the dark. Washing with distilled water was 

followed by a blocking step using a blocking solution for 
30 min. The sections were then incubated with a 1:100 
dilution of  rabbit anti-rat GRP78 or caspase-12 antibody 
(Bioworld Technology Inc., United States) overnight at 
4 ℃. Then, PBS washing (3 times) was followed by suc-
cessive incubation with a biotinylated secondary antibody 
(Biosynthesis Biotechnology CO., China) for 30 min and 
a horseradish peroxidase-avidin complex for 30 min. Af-
ter washing 3 times with PBS, the tissue was visualized by 
reacting in a solution containing diaminobenzidine. The 
sections were then washed, counterstained with hema-
toxylin, dehydrated, and sealed. PBS replaced the primary 
antibodies for the negative control in the IHC proce-
dures. The slides were examined under a light microscope 
(Olympus, Tokyo, Japan) and ten different images of  
each sample were randomly captured using a color video 
camera. The integrated optical density (IOD) value of  
each image was measured using IPP6.0 software. Semi-
quantitative results of  GRP78 and caspase-12 proteins 
were calculated by the average of  IOD values.

Statistical analysis
The data are presented as mean ± SD. The Student’s t-test 
was used to compare the results between the two groups. 
A P value less than 0.05 was considered statistically sig-
nificant. The tests were performed using the statistical 
software package SPSS.

RESULTS
Diabetes assessment
Five rats were excluded from the study due to death re-
sulting from complications of  diabetes. Fasting blood 
glucose concentration consistently reached ≥ 16.9 
mmol/L 3 d after injection of  STZ. Diabetic rats were 
severely hyperglycemic, whereas the age/sex matched 
control rats were normoglycemic (P < 0.01). Body weight 
was not different between the diabetes group and control 
group during the first week. After 4 wk, body weight in 
diabetic rats significantly decreased compared with rats 
in the control group, and this reduction continued to the 
end of  the experiment (Figure 1).

Delayed gastric emptying in diabetic rats
We determined gastric emptying at the 4th wk, however, 
no significant difference was noted between the two 
groups (39.51% ± 1.90%, n = 20 control vs 40.71% ± 
1.74%, n = 15 diabetes; P > 0.05). Gastric emptying was 
significantly lower in the diabetic rats than in the control 
rats at the 12th week. The residue of  gastric pigment was 
enhanced in diabetic animals compared with controls 
(40.71% ± 2.50%, n = 20 control vs 54.65% ± 5.22%, 
n = 15 diabetes; P < 0.05). These alterations in gastric 
emptying marked the presence of  gastroparesis in dia-
betic rats.

Electron microscopic findings
Ultrastructural changes, especially in the ER of  gastric 
SMCs, were investigated using TEM. As shown in Figure 
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diabetes mellitus. However, whether apoptosis of  gastric 
SMCs increases in diabetic animals is unclear. In this 
study, apoptosis of  gastric SMCs was examined by TU-
NEL assay (Figure 3). Compared with control animals, 
the apoptotic rate of  gastric SMCs in diabetic rats was 
significantly higher (13.42% ± 2.74%, n = 15 diabetes vs 
2.21% ± 0.63%, n = 20 control; P < 0.05).

Expression of GRP78 and caspase-12 proteins
The role of  ER stress-mediated apoptosis in the patho-
physiology of  diabetes and its complications has been 
demonstrated recently. However, whether ER stress is 
involved in the apoptosis of  gastric SMCs in DGP has 
not previously been investigated. GRP78 is a key marker 
of  ER stress, and caspase-12, which is located at the ER, 
is activated by excess ER stress and results in cell death 
in the absence of  the cytochrome c-dependent path-
way[21,22]. In the present study, immunohistochemistry 
was performed to detect the expression and distribution 
of  GRP78 and caspase-12 proteins in gastric SMCs. Im-
munohistochemistry showed that the positive signal of  
GRP78 and caspase-12 protein was intense in the cyto-
plasm (Figures 4 and 5). It was noted that GRP78 protein 
expression in diabetic rats was significantly higher than 
that in control rats, indicating that the ER stress response 
was observed in diabetic gastric SMCs (Figure 6). Cas-
pase-12 protein expression was also increased in diabetic 
rats compared with controls (Figure 6), suggesting that 
apoptosis of  SMCs in diabetic rats is at least partly in-

2, gastric SMCs in diabetic rats exhibited swollen and 
distended ER with an irregular shape. Other ultrastruc-
tural abnormalities included swollen, degenerated mito-
chondria with a loss of  cristae. No abnormalities were 
observed in the control rats.

Apoptosis
Excess apoptosis is the underlying cause of  cell loss in 
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Figure 1  Body weight of each rat measured at the first, 4th, 8th and 12th 
week. There was no difference in body weight between the diabetic group and 
control group during the first week. At the 4th wk, the body weight of diabetic 
rats significantly decreased compared with rats in the control group. bP < 0.01 
vs the control group. 
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Figure 2  Gastric smooth muscle cells examined under a transmission 
electron microscope (TEM, original magnification × 10000). A: Control 
group: No alterations in ER were observed (white arrow); B: Diabetic group: 
Swollen and distended endoplasmic reticulum with an irregular shape was ob-
served in diabetic rats (white arrow).
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Figure 3  Apoptosis of gastric smooth muscle cells detected by TdT-medi-
ated dUTP nick end labeling assay in diabetic and control rats. A: Control 
group; B: Diabetic group. DAB staining, light microscopy, original magnification 
× 400. 
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duced by ER stress.

DISCUSSION
Delayed gastric emptying can be due to muscular, neu-
ral, or humoral abnormalities[23,24]. Damage to the vagus 
nerve and humoral abnormalities dominate the causes of  
DGP[25]. Little attention has been paid to the muscular 
effect in the development of  delayed gastric emptying. 
The stomach is a hollow organ composed primarily of  
muscle. Food emptied from the stomach is the result of  
a combination of  relaxation of  the muscle and the pres-
sure generated by the muscle that pushes the food into 
the small intestine. Abnormal changes in smooth muscle 
have previously been investigated in DGP. Studies on 
DGP have shown that gastroparesis is associated with ab-
normal contractility alterations, impaired noncholinergic 
relaxation and spontaneous rhythmic motility in gastric 
smooth muscle[6,26]. Histological examination of  gastric 
biopsies obtained from patients with DGP revealed de-
generation and increased fibrosis in the muscle layers[27,28]. 
Another study showed that the ultrastructural changes 
in gastric smooth muscle of  diabetic patients included 
lipofuscin and thickened basal lamina[29]. In the present 
study, we primarily focused on gastric smooth muscle in 

rats with DGP, and the ultrastructural changes in gastric 
SMCs were investigated by TEM. The results showed 
swollen, distended ER and mitochondrial lesions in gas-
tric SMCs of  diabetic rats. These results further demon-
strate injury of  gastric SMCs in diabetic rats.

A body of  evidence is emerging to show that apoptotic 
cell death occurs in multiple target organs in diabetes, and 
thus leads to organ dysfunction. Microvascular damage is 
considered to be related to complications of  diabetes, and 
vascular endothelial cell apoptosis has been the focus of  
research in deciphering molecular mechanisms of  micro-
angiopathy[30]. Diabetes increases the number of  apoptotic 
myocardial cells, which have an important role in diabetic 
cardiomyopathy onset and progression[31]. Apoptosis par-
ticipates in the loss of  renal glomerular parenchymal cells 
and the course of  diabetic nephropathy[32]. Hyperglycemia 
also induces apoptotic changes in dorsal root ganglion 
neurons, Schwann cells, and peripheral neuronal apoptosis 
is thought to be involved in diabetic retinopathy[33,34]. In 
the present report, we attempted to investigate apoptosis 
of  gastric SMCs in a diabetic rat model of  gastroparesis. 
This has not previously been reported. The results ob-
tained from this study demonstrate that increased apop-
tosis occurs in diabetic gastric SMCs. Increased apoptosis 
of  gastric SMCs can reduce the number of  gastric SMCs, 
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Figure 4  Immunohistochemical staining of glucose-regulated protein 78 protein in gastric smooth muscle cells of diabetic and control rats. A: Negative 
staining control. B: Control group. C: Diabetic group. DAB staining, light microscopy, original magnification × 200. 
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Figure 5  Immunohistochemical staining of caspase-12 protein in gastric smooth muscle cells of diabetic and control rats. A: Negative staining control. B: 
Control group. C: Diabetic group. DAB staining, light microscopy, original magnification × 200.
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and this smooth muscle cell loss suggestive of  gastric 
muscle injury is consistent with the diagnosis of  gastropa-
resis with documented delayed gastric emptying and most 
importantly, indicates that gastric SMC apoptosis may be 
involved in the pathogenesis of  DGP.

Apoptotic cell death is usually a response to the cell 
microenvironment. Glucose is one of  the microenviron-
mental factors which may induce apoptosis. A previous 
study showed that apoptosis observed in diabetic rats was 
not caused by STZ per se and further demonstrated that 
apoptosis is directly related to high levels of  glucose[35]. 
Theoretically, hyperglycemia causes abnormalities in 
calcium homeostasis. Furthermore, it promotes exces-
sive production and release of  reactive oxygen species, 
which induce oxidative stress and lead to abnormal gene 
expression, faulty signal transduction and ER stress. It 
is well established that prolonged ER stress can lead to 
cell apoptosis. Accumulating evidence suggests that ER 
stress and/or ER stress-induced apoptosis play a role in 
the pathogenesis of  diabetes and its complications[18,36]. 
Moreover, abnormal morphological changes including 
dilated and swollen ER were observed in gastric SMCs 
of  diabetic rats, which suggest that ER stress is induced 
in diabetic rats. This structural injury may be comes along 
with functional changes. In the present research, we fur-
ther explored whether ER stress associated with apopto-
sis in gastric SMCs of  diabetic rats.

The ER provides a unique oxidizing compartment 
for the folding of  membrane and secretory proteins. It is 
extremely sensitive to a variety of  different stimuli, and 
signals are transduced from the ER to the cytoplasm and 
the nucleus, eventually resulting in adaptation for survival 
or induction of  apoptosis. In response, “unfolded protein 
response” (UPR) genes are induced, increasing the capac-
ity to fold proteins[18]. The UPR is regulated by three ER 
transmembrane receptors which mediate signal trans-
duction: inositol requiring ER-to-nucleus signal kinase 
1, activating transcription factor 6, and double-stranded 

RNA-activated kinase (PKR)-like ER kinase (PERK). On 
accumulation of  unfolded proteins, ER resident chaper-
ones, such as GRP78, are up-regulated. GRP78 dissoci-
ates from the three receptors, which leads to their activa-
tion and triggers the UPR. A previous study established 
that induction of  GRP78 is a marker of  ER stress[21]. The 
present study showed, for the first time, that expression 
of  GRP78 protein was increased in gastric SMCs in dia-
betic rats, further suggesting that ER stress was induced 
in gastric SMCs of  diabetic animals. However, if  stress 
continues and restoring response fails, the apoptotic 
response is consequently triggered. Most proapoptotic 
signals ultimately lead to caspase activation. Of  these, 
caspase-12 is believed to play a central role in the initia-
tion of  ER stress-induced cell death in the mouse model, 
and is essential for the mitochondrial death pathway to 
take place[37,38]. Nakagawa et al[20] proposed that caspase-12 
mediates an ER-specific apoptosis pathway. Research also 
demonstrated that mice deficient in caspase-12 were re-
sistant to ER stress-induced apoptosis. The result of  the 
present study showed, for the first time, that the expres-
sion of  caspase-12 protein is increased in diabetic gastric 
SMCs, which is consistent with the increased number of  
apoptotic cells, thus suggesting that ER stress-induced 
apoptosis occurs in gastric SMCs of  diabetic rats with 
gastroparesis.

In conclusion, this study provides a new insight into 
the mechanisms required for the development of  DGP. 
The gastric muscle injury caused by ER stress in rats with 
DGP was explored in the present study. Although the 
precise mechanism of  action of  gastric SMCs has not yet 
been elucidated, the results presented here demonstrate 
that apoptosis of  gastric SMCs was increased in rats with 
DGP. These results further support the hypothesis that 
ER stress was enhanced in gastric SMCs of  diabetic rats 
and apoptosis of  gastric SMCs in diabetic rats was, at 
least partly, induced by ER stress, which suggests that 
ER stress and/or ER stress-induced apoptosis are likely 
to participate in the development of  DGP. However, 
the signal transduction of  ER stress was not explored in 
this research. It would be interesting to determine what 
induces ER stress in diabetic gastric SMCs, thus further 
studies are needed to better characterize the role of  ER 
stress and ER stress-induced apoptosis in the develop-
ment of  DGP.

COMMENTS
Background
Gastroparesis is a well-established complication of diabetes mellitus and is 
characterized by delayed gastric emptying without mechanical obstruction of 
the stomach. Despite many years of intensive research, the pathophysiology of 
diabetic gastroparesis (DGP) remains to be elucidated. Previous studies have 
demonstrated that endoplasmic reticulum (ER) stress and/or ER stress-induced 
apoptosis have an important role in the pathogenesis of diabetes mellitus and 
its complications. The possible role of ER stress and/or ER stress-induced 
apoptosis in the etiology of DGP remains elusive. This study highlighted the 
muscle injury caused by ER stress in rats with DGP.
Research frontiers
A body of evidence is emerging to show that apoptotic cell death occurs in 
multiple target organs in diabetes and thus leads to corresponding organ dys-
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Figure 6  Comparison of the expression of glucose-regulated protein 
78 and caspase-12 proteins in gastric smooth muscle cells between the 
diabetic and control groups. Glucose-regulated protein 78 and caspase-12 
protein expression was semiquantified by immunohistochemistry as shown in 
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function. It is well established that prolonged ER stress can lead to cell apop-
tosis. ER stress-induced apoptosis has been implicated in the development of 
multiple diseases. An increasing number of studies have demonstrated that ER 
stress and/or ER stress-induced apoptosis have an important role in the patho-
genesis of diabetes mellitus and its complications.
Innovations and breakthroughs
This is the first study to investigate the apoptosis of gastric smooth muscle cells 
(SMCs) in a diabetic rat model of gastroparesis. The results demonstrate that 
apoptotic cell death was increased in diabetic gastric SMCs, which is consistent 
with the increased expression of the ER stress marker, GRP78, and the ER-
specific apoptosis mediator, caspase-12.
Applications
The results of this study suggest that the ER stress response and ER stress 
mediated-apoptosis are activated in gastric smooth muscle injury in diabetic 
rats with gastroparesis, which may provide further information for understanding 
muscle injury in diabetic gastroparesis.
Terminology
Gastroparesis, also known as delayed gastric emptying, is a medical condition 
consisting of paresis (partial paralysis) of the stomach, resulting in food remain-
ing in the stomach for a longer time than normal. It often occurs in patients with 
type 1 diabetes or type 2 diabetes.
Peer review
Novelty can be shown in this paper. Overall, the research has been done scien-
tifically.
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