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Abstract30

Background: Lack of interstitial cells of Cajal (ICC) and neuropathy were the most31

possible pathological mechanisms of diabetic gastroparesis. Gastric electrical32

stimulation (GES) is a promising way to treat gastroparesis. The aims of the present33

study were to explore the impact of GES on ICC together with enteric neurons in34

diabetic rats and the possible mechanisms involved.35

Methods: Sixty rats were randomized into the normal rats, diabetic rats (DM), diabetic36

rats with sham GES (DM+SGES), and three diabetic rats with GES (DM+GES1,37

DM+GES2 and DM+GES3). The proliferation of ICC and expressions of 5-HT2B,38

nNOS, CHAT, PGP9.5 and GDNF were evaluated by immunofluorescence staining or39

Western blot. The expressions of 5-HT in blood and tissue were determined by40

ELISA.41

Results: (1) The proliferation of ICC was hardly observed in the DM group together42

with the DM+SGES group but increased in the three DM+GES groups. (2) The43

expression of 5-HT2B was decreased in the DM group and enhanced in the DM+GES44

groups. Similarly, the expressions of 5-HT in the blood and distal stomach tissue were45

increased in the DM+GES groups. (3) Both nNOS labeled neurons and CHAT46

positive neurons were reduced in myenteric plexus of the DM group, while plenty of47

these neurons were observed the DM+GES groups. (4) The expression of GDNF48

protein in the diabetic rats was down-regulated, while GES increased the expression49

of GDNF.50

Conclusion: GES improves the proliferation of ICC possibly related with51



5-HT/5-HT2B signal pathway, and alters enteric nervous system partly though the52

GDNF expression.53
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Instruction60

Upper gastrointestinal motility disorders including delayed gastric emptying and61

prolonged small intestine transit have been recognized as awkward problems in62

diabetic patients. Delayed gastric emptying, defined as gastroparesis, occurs in 30% to63

50% of patients with both type 1 and type 2 diabetes [1]. Similarly, prolonged small64

intestine transit was about one-third of patients with long-standing type 1 diabetes65

mellitus [2]. Symptoms of dysfunction of upper gastrointestinal motility in diabetes66

were mainly present as early satiety, abdominal distension, belching, nausea, vomiting67

and abdominal pain, which seriously affect people's life and work [3]. Because the68

exact mechanisms of gastrointestinal motility dysfunction remain unclear, the69

therapeutic effects of traditional prokinetic drugs are far from satisfactory. As it is70

well-recognized that gastric electric stimulation (GES) with long pulses, namely71

gastric pacing, could ameliorate gastric emptying and normalize gastric dysrhythmia72

[4, 5], the mechanisms that GES improves the gastric motility need to be further73



illustrated.74

Interstitial cells of Cajal (ICC) are extensively distributed in the submucosal,75

intra-muscular and myenteric plexus layer of the whole gastrointestinal tract. ICC are76

playing a vital role in gastrointestinal motility because they can generate77

spontaneously slow wave potential and modulate the neurotransmission from enteric78

nervous system to smooth muscle cells and regulate the contraction of smooth muscle79

[6]. He CL et al. showed that the decrease of ICC volume and changes of enteric80

nerves may be the pathophysiologic mechanism of gastrointestinal complications in a81

patient with long-standing diabetes [7]. Likewise, loss or damage of ICC also can82

result in delayed gastric emptying, and abnormal neural transmission in diabetic83

rodents [8]. Our previous study showed that long-pulse GES improved gastric84

contraction potentially to promote the proliferation of ICC in diabetic rats [9], but it is85

not clear how GES promotes ICC proliferation.86

Serotonin, also named 5-hydroxytryptamine (5-HT), is a crucial chemical and87

neurotransmitter mainly distributed in the gastrointestinal tract, blood, and central88

nervous system. In the whole gut, 5-HT takes effects in gastrointestinal motility,89

enteric neurogenesis, mucosal maintenance and intestinal inflammation [10]. The90

5-HT2B receptor was reported to express in ICC, enteric neurons, and smooth muscle91

cells [11]. Further, it could mediate the excitatory effect of 5-HT and the92

immunoreactivity of 5-HT2B receptor was mainly distributed in the longitudinal93

muscle and myenteric plexus layer of human colon showed by RT-PCR, western blot94

and immunocytochemistry [12]. Wouters MM et al found 5-HT2B receptors were95



found to be present on ICC and exogenous 5-HT could promote ICC proliferation96

partly via 5-HT2B receptors in primary cell cultures [13, 14]. Therefore, the97

expression of 5-HT2B in diabetic rats and whether GES could affect the 5-HT2B98

expression need to be investigated.99

Diabetic gastroenteropathy has been identified as decrease of ICC, neuropathy,100

and myopathy of gastrointestinal tract [15]. Alterations of inhibitory and excitatory101

enteric neurons abundant in the myenteric ganglia were thought to be involved in102

diabetic neuropathy [16]. The inhibitory enteric neurons (nitrergic neurons mainly103

expressing nitric oxide synthase) inhibit the motility of gastrointestinal tract, while the104

excitatory enteric neurons mean the cholinergic neurons principally expressing105

choline acetyltransferase (ChAT) and accelerate the motility. Deficiency of neuronal106

nitric oxide synthase (nNOS) was documented in the antral myenteric plexus of107

diabetic rats [17, 18]. Previous study illustrated that the degeneration of nNOS in the108

gastric pylorus of diabetic rats went through loss of number and function of nitrergic109

nerve fibers and further defect of function in neurons cell bodies of the ganglia [19].110

Du F et al found that enteric neuropathy (both decreased nNOS and CHAT neurons)111

was noted in the stomach of diabetic rats, and further these changes were considered112

to be regulated, in part, according to a decreased expression of glia cell line-derived113

neurotrophic factor (GDNF) [20, 21]. GDNF is a crucial neurotrophic factor for the114

proliferation, maturation, migration, maintenance and survival of enteric neurons.115

However, no significant reduction of cholinergic nerve was found in antrum, jejunum,116

and ileum of diabetic rats [22, 23]. Thus, the effects of GES on enteric nervous system117



need further to be clarified.118

The objectives of this study were to explore the mechanism of GES on119

proliferation of ICC and 5-HT/5HT-2B pathway was involved and further to illustrate120

the effects and possible mechanism of GES on enteric nervous system.121

122

Materials and methods123

Experimental Animals124

Male Sprague-Dawley rats (6-8 weeks, N=60) were purchased from Jinan125

Pengyue Experimental Animal Breeding Co., Ltd. (Shandong, China) and were126

allowed to the standard residence with controlled room conditions (temperature for127

22±0.5°C and humidity for 55±10% with 12-hour light/dark cycle). All experimental128

procedures were officially approved by the Animal Care and Use Committee and the129

animal research was conducted following the ethical guidelines of Laboratory Animal130

Ethical Committee.131

Diabetic Model132

Animal models (50 of 60 rats) were developed diabetes by intraperitoneal133

injecting streptozotocin (STZ, 60 mg/kg, Sigma-Aldrich, United States). Ten rats134

injected same volume of solvent were taken as the normal control group. All of the135

rats were forbidden for drinking in the 4 hours afterwards. One week afterwards,136

diabetic model was successfully determined by twice blood glucose in the tail vein >137

16.7 mmol/L. The mental state, fur, diet, water intake, urine output, and weight of the138

rats were also observed.139



Electrodes Implantation140

Before diabetic models established, 40 of 50 these diabetic rats were allowed to141

implant electrodes (A&E Medical, Farmingdale, NJ) in the stomach for stimulation.142

After anesthesia, the abdomen was opened and a pair of electrodes was embedded in143

the serosa layer of the greater curvature, located at 2 cm above the pylorus. The space144

of the electrodes was kept at 0.5 cm apart. The other end of the wires was crossed145

through the abdominal wall and subcutaneously went through under the skin to the146

posterior neck. The ends of the wires were linked to an electrical stimulator (YC-2-S,147

Chengdu instrument factory, China).148

Experimental Protocol149

All of the rats were grouped into the normal control group, diabetic group (DM),150

diabetic with sham GES group (DM+GES), diabetic with GES group (DM+GES). On151

the basis of different stimulation pulse width [9], the DM+GES group were152

randomized into three subgroups: DM+GES1 (100 ms), DM+GES2 (300 ms), and153

DM+GES3 (550 ms). The GES with frequency 5.5 cpm and current 4 mA was given154

for 6 weeks with 30 min/d, while the wires were only connected to the stimulator with155

no current in the DM+SGEP group. At last, after all rats were sacrificed, blood and156

gastric antrum tissues were obtained for ELISA, western blot and157

immunofluorescence staining.158

ELISA for 5-HT159

Blood samples were acquired from abdominal aortic vein and centrifuged at160

3000 rpm for 15 min. Stomach tissue homogenates (100 mg tissue in 1 ml of ice-cold161



1×PBS) were obtained and centrifuged for 15 minutes at 5000 rpm. Supernatant was162

obtained and kept at -80°C. The 5-HT concentration was tested by an ELISA kit163

(MBS288208, MyBioSource, USA) following the manufacturer’s instruction. Optical164

density (OD) of samples and standard at 450 nm was recorded by an ELISA plate165

scanner.166

Immunofluorescence staining167

To analyze the expression of ICC proliferation and 5-HT2B, the stomach tissue168

was fixed in 4% paraformaldehyde, made into paraffin blocks, and sliced for 5 μm.169

The sections were kept in xylene and deparaffinize for 10 min and gradually hydrated170

in a series of graded alcohols. Retrieved antigen by a water bath at 92-95°C and171

blocked nonspecific reaction by fetal bovine serum, the antibody of c-kit (1:100,172

Santa Cruz, USA), ki67 (1:100, Abcam, Cambridge, UK), and 5-HT2B (1:100,173

Abcam, Cambridge, UK) were added to the sections and incubated at 4°C overnight174

(Table 1). After labeled by secondary antibody for 1 h at room temperature and175

stained DAPI for about 5 min, the slices were observed under a confocal laser176

scanning microscope (Nikon, Japan).177

For whole-mount staining of nNOS, CHAT, PGP9.5, stomach tissue was mount178

on a Sylgard dish and kept in Zamboni’s fixative for at least 24 h. Myenteric plexus179

layer was obtained by sharp dissection. After rinsed with PBS with 0.3% Triton X-100180

for 6 times, the sample was kept in 5% normal bovine serum for 60 min to get out of181

non-specific staining. The primary antibody of nNOS (1:500; Abcam, Cambridge,182

UK), CHAT (1:100; Abcam, Cambridge, UK), PGP9.5 (1:1000; Abcam, Cambridge,183



UK) was incubated overnight at 4°C (Table 1). After secondary antibody for 60 min184

and then DAPI for 5 min, the sample was flattened on a slide. Pictures could be taken185

under the confocal laser scanning microscope.186

Western blot analysis187

The stomach tissue was grinded with RIPA buffer and protease inhibitor for 30188

min. After centrifugation at 12000 g at 4°C for 10 min, the supernatant was gotten as189

the total proteins. The protein concentration was determined by BCA reagent (Pierce,190

Rockford, IL, United States). 10% sodium dodecyl sulfate-polyacrylamide gel191

electrophoresis was employed to separate the whole proteins (20 g) according to the192

molecular weight. Different proteins were completely transferred to PVDF193

membranes (Millipore, United States). After blocked by 5% skim milk solution for194

about 60 min, the membranes were reacted with primary antibodies against GDNF195

(1:200, Abcam, United Kingdom), GAPDH (1:10000, Abcam, United Kingdom) at196

4°C overnight. Secondary antibodies were also added to the membranes for 60 min at197

room temperature. The bands of different protein on the PVDF membranes were198

revealed by enhanced chemiluminescence kit (Amersham Pharmacia, United States).199

Finally, the densitometry of blots was analyzed by Image J software.200

Statistical Analysis201

SPSS version 24.0 (SPSS Inc., Chicago, IL) was employed to perform statistical202

analyses. All of the data were showed as Mean±SEM and ANOVA was applied to203

determine statistical differences among multiple groups. LSD test was applied when204

the variance was equal, while Dunnett’s T3 test was to conduct when equal variance205



was not achieved. P values less than 0.05 were taken as statistically significant206

association.207

208

Results209

Effects of GES on the proliferation of ICC210

As indicated in Figure 1, plenty of c-kit+ cells with a small number of Ki67+211

cells were showed in the area of antrum in the control group. Few c-kit+ Ki67+ cells212

in the DM group could be observed as well as in the DM+SGES group (both P<0.001213

vs. control group). However, compared with the DM group, a large amount of c-kit+214

cells with an increased number of Ki67+ cells in the intermuscular and muscular layer215

were found in the DM+GES group (DM+GES1: P=0.002; DM+GES2: P=0.001;216

DM+GES3: P=0.001).217

Effects of GES on the expression of 5-HT2B218

Figure 2 showed the expression of 5-HT2B in different groups by219

immunofluorescence and Western blot. In the control group, colocalization of220

5-HT2B+ and c-kit+ cells were mainly showed in the intermuscular and muscular221

layer. In the DM group together with the DM+SGES group, there were rare222

5-HT2B+/c-kit+ cells in the muscular and intermuscular layer (both P=0.002 vs.223

control group). In the meantime, three different long pulse GES enhanced the quantity224

of the 5-HT2B+/c-kit+ cells (DM+GES1: P=0.002; DM+GES2: P=0.002; DM+GES3:225

P=0.004; vs. DM group).226

Effects of GES on the level of 5-HT227



From Figure 3A, the plasma 5-HT level in the diabetic rats was significantly228

deducted when compared with normal rats (P<0.001). As expected, there was no229

statistic difference observed in the DM+SGES group and the DM group (P=0.125).230

However, it was comparative between the DM+GES groups (markedly increased) and231

the DM group (all P<0.001).232

According to Figure 3B, the tissue level of 5-HT in the DM group was also233

reduced in the same degree (P=0.018 vs. control group). No significant evidence was234

demonstrated in diabetic rats with and without sham GES (P=0.997). Nevertheless,235

the elevated tissue IGF-1 level was noted in diabetic rats with and without GES236

(DM+GES1: P<0.001; DM+GES2: P=0.003; DM+GES3: P<0.001; vs. the DM237

group).238

Effects of GES on the expression of nNOS neurons in the myenteric layer239

As indicated in Figure 4, the nNOS staining neurons co-located with PGP9.5240

staining nerves were recognized in the ganglia of enteric nerve system in the control241

group. The expression of nNOS staining neurons were dramatically lessened in the242

diabetic rats compared normal rats (P<0.001). The same reduced quantity was243

illustrated in the DM+SGES group as well as the DM group (P=0.489). Otherwise,244

the nNOS staining neurons were obviously in the DM+GES groups (all P<0.001, vs.245

the DM group).246

Effects of GES on the expression of CHAT nerves in the myenteric layer247

The expression of CHAT nerves in the myenteric layer of different groups was248

present in Figure 5. In the control group, the CHAT and PGP9.5 co-expressed nerves249



were detected in the enteric nerve system. Compared the control group, the expression250

of CHAT staining neurons were changed in the DM group and the DM+SGES group251

(P=0.001 and P=0.005). Meanwhile, three different long pulse GES improved the252

expression of CHAT nerves (all P<0.001, vs. the DM group).253

Effects of GES on the expression of GDNF protein254

As indicated in Figure 6, the GDNF protein expression in the DM group was255

dramatically decreased compared with the control group (P<0.001). It was nearly no256

significant difference in the diabetic rats with and without SGES (P=0.650). However,257

it was suggested that the GDNF protein expressions were obviously enhanced in the258

diabetic rats with different GES compared with the diabetic rats without GES (all259

P<0.001).260

261

Discussion262

In the present study, reduced number of ICC with lack of proliferation was found263

in the gastric antrum of diabetic rats, and further it is noticeable that the264

5-HT/5-HT2B signal pathway was also decreased. Meanwhile, both nitrogen and265

cholinergic neurons were decreased to some extent with down-regulated GDNF266

expression. GES increased the quantity of ICC though stimulating the proliferation of267

ICC partly associated with 5-HT/5-HT2B signal pathway. At the same time, GES also268

improved the survival of nitrogen and cholinergic neurons, in part, with the GDNF269

expression.270

Interstitial cells of cajal (ICC) are well-known as pace makers to initiate slow271



waves in the gut, which are the promoter of motility. It is reported that depletion or272

ultrastructural changes of ICC in the stomach were revealed in diabetic patients with273

delayed gastric emptying [24]. T Ordög et al also showed that in diabetic NOD/LtJ274

mice, ICC was found to be greatly reduced through immunofluorescence in the distal275

stomach, resulting in delayed gastric emptying, impaired electrical pacemaking, and276

reduced motor neurotransmission [8]. We also showed ICC reduced in the diabetic277

rats, which is coincident with the previous findings. Plasticity of ICC in physiological278

condition and some disorders is achieved by transdifferentiation and apoptosis or by279

proliferation, survival of the remaining ICC, and mature from precursor cells [25].280

Although the specific mechanisms were still unclear, electric stimulation was verified281

to be effective with alteration of the transmembrane potential of cells to inhibit282

apoptosis or promote proliferation [26]. As reported in our previous study, long pulse283

GES could suppress the ICC apoptosis though TUNEL staining in diabetic rats. In this284

study, proliferation of ICC was concentrated to identify using Ki67 staining in the285

gastric wall of diabetic rats with GES treatment.286

The possible mechanisms participated in ICC proliferation arouse people's287

interest. 5-HT binding to 5-HT2B receptor could take part in cell survival and288

proliferation. The 5-HT2B receptor was reported to express on ICC, and the289

proliferation of ICC could be triggered by activating the 5-HT2B receptor [14]. In the290

further study in vitro on primary cell cultures of ICC in mouse jejunum, exogenous291

5-HT could regulate the quantity of ICC by promoting the proliferation of ICC292

depending on 5-HT2B receptors [13]. A study in vivo using transgenic mice found293



that Ki67 labeled proliferating ICC were lower about 30% in the myenteric layer and294

40% in deep muscular plexus layer in the jejunum of Htr2b(-/-) mice, indicating ICC295

could proliferate in adult mice and the signaling 5-HT2B receptor is crucial for296

maintenance of ICC networks [27]. Borman RA using electrical field stimulation to297

intervene the longitudinal muscle samples of human colon showed that the contractile298

response could be enhanced by adding 5-HT, while selective 5-HT2B receptor299

antagonists could inhibit the contractile response to 5-HT [28]. In this study, we found300

the expression of 5-HT2B and plasma and tissue 5-HT were significantly decreased,301

and different width GES could improve the 5-HT2B expression and 5-HT level,302

revealing that GES may regulate the 5-HT/5-HT2B receptor pathway to promote the303

proliferation of ICC.304

Till now, the pathogenesis of diabetic gastropathy is not fully understood. The305

most accepted mechanisms of gastroparesis are defect of ICC and loss of expression306

of nNOS [29]. Nitric oxide (NO) is synthesized by nNOS and secreted by inhibitory307

nitrergic neurons to relax the smooth muscle in the gastrointestinal tract. It is308

documented that NOS expression in the myenteric plexus was significantly decreased309

in antrum, contributing to diabetic emptying in streptozotocin-induced diabetic rats310

and gastric relaxation in spontaneously diabetic rats [17, 18]. Consist with the311

previous study, we also found the expression of nNOS was reduced in the myenteric312

plexus according to the whole-mount staining. Otherwise, chronic electrical313

stimulation in vivo of anterior and extensor digitorum longus could improve the314

nNOS expression in skeletal muscle to regulate the muscle activity [30]. Hoque KE et315



al reported that electrical stimulation of the hippocampal fimbria could facilitate the316

nNOS activity in the medial shell of the rat [31]. In the study, although the expression317

of nNOS was reduced in the myenteric plexus of gastric wall in diabetic rats, GES318

could increase the expression of nNOS for 6 weeks, remaindering that the alteration319

of nNOS expression may play a role in the gastric motility.320

In another aspect, CHAT in excitatory neurons takes effects on the321

neurotransmitter acetylcholine. It has reported that an increased density of322

CHAT-positive nerve fibers in the myenteric layer of guinea pigs jejunum for 5-6323

weeks’ diabetes contributed to gastrointestinal dysfunctions [32]. However, others324

showed that the amount of CHAT was reduced in the proximal and distal colon of325

streptozotocin-induced diabetic rats for 8 weeks, but it was not reduced in the 4 weeks326

[20, 21]. In the study, we found that the CHAT neurons in the myenteric layer of327

gastric antrum were reduced in diabetic rats for more than 6 weeks. The difference of328

the results was speculated to be related with different animals, location of the gut or329

disease duration. Moreover, electrical stimulation of the dorsal hippocampus reduced330

about 40% of hippocampal ChAT activity in BALB/c mice [33]. However, in the331

study, we revealed that GES increased the CHAT expression locating in the myenteric332

neurons of diabetic rats. This may provide ideas of diabetic gastropathy relevant to333

loss of ICC, nNOS and CHAT neurons.334

GDNF took a vital role in the pathogenesis to induce diabetic neuropathy, which335

could provide nutriment for enteric nervous system. Anitha M et al reported that336

GDNF could rescue the enteric neuronal survival from the effects of hyperglycemia in337



primary enteric neurons and reverse the myenteric neuronal apoptosis in338

streptozotocin-induced diabetic mice [34]. Similarly, GDNF was identified to be339

reduced in the colon of streptozotocin-induced diabetic rat [20, 21]. Others also340

pointed out that attenuation of GDNF was found in 2 weeks’ diabetes to result in341

structural alterations and defective myelination in the stuy of sciatic nerves.342

Nevertheless, peripheral GDNF gene delivery could up-regulate the GDNF expression343

in the peripheral nervous system [35]. A study showed that short-term electrical344

stimulation with low frequency reduced GDNF secretion by the skeletal muscle, while345

long-term electrical stimulation up-regulated the GDNF production [36]. Other346

previously study also indicated in rat models that daily electrical muscle stimulation347

for three-month improved the GDNF expression in muscles to accelerate neural348

regeneration following nerve injury [37]. Our study also found that GES for 6 weeks349

could increase the expression of GDNF, meaning that GES possibly improve the350

GDNF expression to alter the myenteric neurons.351

In conclusion, the number of ICC was reduced in the gastric antrum of diabetic352

rats accompanying with reduced 5-HT2B expression and 5-HT level in plasma and353

tissue. On the other aspect, nNOS and CHAT neurons in myenteric layer were354

decreased with downregulated GDNF secretion. Both loss of ICC and neuropathy led355

to diabetic gastroparesis. Long pulse GES facilitated the number of proliferative ICC356

probably via upregulated 5-HT/5-HT2B signal pathway. Simultaneously, GES also357

rescued the survival of nitrogen and cholinergic neurons potentially with the increased358

GDNF expression. This study provides a theoretical basis for the clinical application359



of GES in the treatment of gastroparesis.360
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Table 1. List of primary and secondary antibodies.498

Primary antibody Host Dilution Source

c-kit Mouse 1:100 Santa Cruz
Ki67 Rabit 1:100 Abcam
5-HT2B Rabit 1:100 Abcam
nNOS Rabit 1:500 Abcam
CHAT Rabit 1:100 Abcam
PGP9.5
GDNF

Mouse
Mouse

1:1000
1:1000

Abcam
Abcam

Secondary antibody Host Dilution Source
Mouse IgG Goat anti-mouse Alexa 488/594 1:1000 Invitrogen



Rabit IgG Goat anti-rabit Alexa 594/488 1:1000 Invitrogen
Rabit IgG Donkey anti-rabit Alexa 594/488 1:1000 Invitrogen
Mouse IgG Donkey anti-mouse Alexa 488/594 1:1000 Invitrogen

499

Figure 1. Representative images of immunofluorescent staining for proliferated ICC500

labeled with c-kit (green), Ki67 (red) and DAPI (blue) in different groups. Lots of501

c-kit+ cells were located in the muscle and myenteric layer with dispersed Ki67+502

nucleuses in the control group. An obviously decreased amount of c-kit+ cells and503

rarely Ki67+ nucleuses were identified in the gastric antrum of the DM and504

DM+SGES group. In the DM+GES groups, numerous c-kit+ cells collocated with505

Ki67+ nucleuses were found. Quantification of numbers of c-kit/ki67+ cells in506

different groups. *P<0.05 compared with the DM group.507

508

Figure 2. Confocal micrographs of 5-HT2B in the gastric antrum of different groups.509

The collocation of c-kit+ cells and 5-HT2B+ cells was in the muscle and myenteric510

layer in the normal rats. In the DM and DM+SGES group, the immune staining of511

c-kit+ and 5-HT2B+ cells were markedly reduced. 5-HT2B+/c-kit+ cells were512

observed to distribute in the intramuscular and myenteric layer. Scale bars=20 mm.513

Quantification of numbers of 5-HT2B+/c-kit+ cells in different groups. *P<0.05514

compared with the DM group.515

516

Figure 3. The plasma and tissue level of 5-HT in each group. Both the plasma and517

tissue 5-HT level in the DM group were significantly reduced compared the control518

group. However, the plasma and tissue IGF-1 level in the DM+GES groups. *P<0.05519

compared with the DM group.520

521

Figure 4. Confocal micrographs of cholinergic neurons labeled with PGP9.5 (red) and522

nNOS (green) in the myenteric layer. In the control group, a large amount of523

PGP9.5+/nNOS+ neurons were noted in the ganglia. Visual reductions of524

PGP9.5+/nNOS+ neurons were present in the DM and DM+SGES group. A525

remarkably increased PGP9.5+/nNOS+ neurons were showed in the DM+GES groups.526



Quantification of numbers of PGP9.5+/nNOS+ neurons in different groups. *P<0.05527

compared with the DM group.528

529

Figure 5. Confocal micrographs of cholinergic neurons labeled with PGP9.5 (green)530

and CHAT (red) in the myenteric layer. In the control group, plenty of CHAT staining531

neurons were collocated with PGP9.5 staining neurons, but a few of PGP9.5+/532

CHAT+ neurons were found in the ganglia of the DM and DM+SGES group. In the533

DM+GES group, numerous PGP9.5+/CHAT+ neurons were observed in the534

myenteric layer. Quantification of numbers of PGP9.5+/CHAT+ neurons in different535

groups. *P<0.05 compared with the DM group.536

537

Figure 6. Expression of GNDF protein in the gastric antrum. Compared with the538

control group, the expression of GNDF protein was obviously decreased in the DM539

group. There was no significant change of GNDF protein between the DM and540

DM+SGES group. The expressions of GNDF protein in the DM+GES groups were541

improved in the DM+GES groups. *P<0.05 compared with the DM group.542



Figures

Figure 1

Representative images of immuno�uorescent staining 500 for proliferated ICC labeled with c-kit (green),
Ki67 (red) and DAPI (blue) in different groups. Lots of c-kit+ cells were located in the muscle and
myenteric layer with dispersed Ki67+ nucleuses in the control group. An obviously decreased amount of
c-kit+ cells and rarely Ki67+ nucleuses were identi�ed in the gastric antrum of the DM and DM+SGES
group. In the DM+GES groups, numerous c-kit+ cells collocated with Ki67+ nucleuses were found.
Quanti�cation of numbers of c-kit/ki67+ cells in different groups. *P<0.05 compared with the DM group.



Figure 2

Confocal micrographs of 5-HT2B in the gastric antrum of different groups. The collocation of c-kit+ cells
and 5-HT2B+ cells was in the muscle and myenteric layer in the normal rats. In the DM and DM+SGES
group, the immune staining of c-kit+ and 5-HT2B+ cells were markedly reduced. 5-HT2B+/c-kit+ cells were
observed to distribute in the intramuscular and myenteric layer. Scale bars=20 mm. Quanti�cation of
numbers of 5-HT2B+/c-kit+ cells in different groups. *P<0.05 compared with the DM group.



Figure 3

The plasma and tissue level of 5-HT in each group. Both the plasma and tissue 5-HT level in the DM
group were signi�cantly reduced compared the control group. However, the plasma and tissue IGF-1 level
in the DM+GES groups. *P<0.05 compared with the DM group.



Figure 4

Confocal micrographs of cholinergic neurons labeled with PGP9.5 (red) and nNOS (green) in the
myenteric layer. In the control group, a large amount of PGP9.5+/nNOS+ neurons were noted in the
ganglia. Visual reductions of PGP9.5+/nNOS+ neurons were present in the DM and DM+SGES group. A
remarkably increased PGP9.5+/nNOS+ neurons were showed in the DM+GES groups. Quanti�cation of
numbers of PGP9.5+/nNOS+ neurons in different 527 groups. *P<0.05 compared with the DM group.



Figure 5

Confocal micrographs of cholinergic neurons labeled with PGP9.5 (green) and CHAT (red) in the
myenteric layer. In the control group, plenty of CHAT staining neurons were collocated with PGP9.5
staining neurons, but a few of PGP9.5+/ CHAT+ neurons were found in the ganglia of the DM and
DM+SGES group. In the DM+GES group, numerous PGP9.5+/CHAT+ neurons were observed in the
myenteric layer. Quanti�cation of numbers of PGP9.5+/CHAT+ neurons in different groups. *P<0.05
compared with the DM group.



Figure 6

Expression of GNDF protein in the gastric antrum. Compared with the control group, the expression of
GNDF protein was obviously decreased in the DM group. There was no signi�cant change of GNDF
protein between the DM and DM+SGES group. The expressions of GNDF protein in the DM+GES groups
were improved in the DM+GES groups. *P<0.05 compared with the DM group.
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