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Abstract

AIM: To investigate the effects and mechanisms of
vasoactive intestinal peptide (VIP) and nitric oxide (NO)
in the modulation of electroacupucture (EA) on gastric
motility in restrained-cold stressed rats.

METHODS: An animal model of gastric motility disorder
was established by restrained-cold stress. Gastric
myoelectric activities were recorded by electrogastroent
erography (EGG). VIP and NO concentrations in plasma
and gastric mucosal and bulb tissues were detected
by radioimmunoassay (RIA). VIP expression in the
gastric walls was assayed using avidin-biotin-peroxidase
complex (ABC) and image analysis.

RESULTS: In cold restrained stressed rats, EGG was
disordered and irregular. The frequency and amplitude of
gastric motility were higher than that in control group (P
< 0.01). VIP and NO contents of plasma, gastric mucosal
and bulb tissues were obviously decreased (P < 0.01).
Following EA at “Zusanli” (ST36), the frequency and
amplitude of gastric motility were obviously lowered (P <
0.01), while the levels of VIP and NO in plasma, gastric
mucosal and bulb tissues increased strikingly (P < 0.01,
P < 0.05) and expression of VIP in antral smooth muscle
was elevated significantly (P < 0.01) in comparison with
those of model group.

CONCLUSION: VIP and NO participate in the
modulatory effect of EA on gastric motility. EA at “Zusanli”
acupoint (ST36) can improve gastric motility of the
stressed rats by increasing the levels of VIP and NO.
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INTRODUCTION

In recent years, along with the extensive research into
enteric nerve system (ENS), increasing evidence shows
that peptidergic neurotransmitters are the key factors
regulating the gastric motility. Our previous research'”
showed that electroacupucture (EA) at acupoints of the
Stomach Meridian of Foot-Yangmin may regulate gastric
movement, increase blood flow in the microvessels in the
gastric mucosa, and exert a protective effect on gastric
mucosa. Nitric oxide (NO) and vasoactive intestinal
peptide (VIP) participate in the protective effect of EA
against gastric mucosal damage. It has been demonstrated
that the increase or decrease of NO can lead to
electrogastric dysrhythmias'¥, Regular gastric motility in
antrum was abolished after traumatic stress in rats. Plasma
VIP contents were increased significantly within 2 h after
stress”. The restraint plus water-immersion stress in rats
induced obvious enhancement in gastric motility. NO
levels of gastric mucosa were decreased significantly, and
the gastric mucosal lesion was obvious'”. VIP may be
important in the prevention of gastric mucosal damage
induced by cold-restraint stress”. Therefore, the aim of
this study was to investigate the modulative effect of EA
on gastric motility and its relation to NO and VIP in the
animal model of restrained-cold stress, in an effort to
explore the mechanisms of EA.

MATERIALS AND METHODS

Animal treatment

Eighty Wistar rats (weighing 220 + 30 g), provided by the
Experimental Animal Center of Anhui Medical University,
were randomly divided into normal control group, model
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group, EA group and non-acupoint group, with 20 animals
in each. Each group was further divided into two parts:10
rats measured by radioimmunoassay, and another 10 rats
measured by immunohistochemistry. Rats of the last 3
groups were subjected to 24 h of fasting (including water-
intake), then anesthetized with 20% urethane (1.0 g/kg),
and fastened to an animal board and put into a refrigerator
at 4°C for 2 h after awaking, Bilateral “Zusanli” (ST306)
were punctured with filiform needles and stimulated with
an EA therapeutic apparatus and using parameters such
as frequency of 20-100 Hz, dense-sparse waves, electrical
current of 2-3 mA and duration of 30 min. The non-
acupoint group was located at the site of the buttock on
the bilateral sides. The treatment was given once daily, for
7 consecutive days.

Gastric myoelectric activity

Rats were anesthetized with 20% urethane(1.0 g/kg) and
an Ag-AgCl electrode was fixed on the body surface at the
projection spot of antrum (1.5 cm below xiphoid process,
0.5 cm leftward). The positive electrogastroenterography
(EGG) electrode was connected with the lead column
of the surface electrode and the negative electrode was
connected with right lower limb, then connected to earth.
Gastric myoelectric activities were measured by EGG",
Frequency and amplitude of EGG were recorded and

analyzed by computer”.

Measurement of VIP and NO concentrations

At the end of each experiment and after decapitation of
the rat, 3 mL of blood sample was taken and put into
a test tube containing 30 pL of 10% EDTA-Naz (an
anticoagulant) and 40 pL of trasylol, and mixed evenly.
The blood sample was refrigerated at 4°C-8C for 15
min, and then centrifuged at 3500 r/min, 4°C for 5 min
to separate the plasma, which was put into a 1 mL tube,
stored in the refrigerator at -20°C. The gastric mucosal and
bulb tissues were weighed and added to 0.5 mL of 1 mol/L
acetic acid and mixed evenly in a homogenizer to obtain
a homogenate. The extracted homogenate was added to
0.5mL of 1 mol/L NaOH and centrifuged at 3000 r/min,
4°C for 30 min. The supernatant fluid was collected and
stored at -20°C.

The concentrations of VIP in the plasma and superna-
tant were determined by radioimmunoassay. The gastric
mucosal and bulb tissues were boiled in 2-3 mL of normal
saline for 3 min. The NO contents in blood and mucosa
of gastric antrum and bulb tissues were assayed according
to the method by Green ez al'”. The test kit was supplied
by Beijing Huaying Bio-technique Institute.

Immunocytochemistry and image analysis

The expression of VIP in gastric wall was assayed using
avidin-biotin-peroxidase complexm. Rats were anesthetized
with intraperitoneal injection of sodium pentobarbital
(30 mg/kg). Thoracotomy and aortic cannulation were
performed. After flushing of the blood with saline, the
rats were perfused iv rapidly with 400 mL of fixative (4%
paraformaldehyde and 0.5% glutaraldehyde) and then with
slow iv drip infusion for 1 h. Antral tissues were fixed in

Groups n Frequency (cpm) Amplitude (uv)

Control 20 3.07 +0.55 363.21 + 42.41
(0.18) (0.12)

Model 20 4.26 +0.58" 428,54 +56.23°
(0.14) (0.13)

EA 20 3.41+ 048" 378.62 + 24.38°
(0.14) (0.06)

Non-acupoint 20 412+0.36 407.25 £ 65.42
(0.09) (0.16)

°P < 0.01 vs control group; “P < 0.01 vs model group. Numerical value in
brackets is variation coefficient.

4% paraformaldehyde for 3 h and then immersed into
20% cane sugar fluid for 12 h at 4°C in a refrigerator.
The frozen tissue was serially sectioned at 30 um
thickness and mounted onto glass slides. Changes in VIP
distributions in antral smooth muscle were observed by
immunocytochemistry and image analysis. VIP monoclonal
antibody was purchased from Sigma Chemical, USA.
SABC kit was purchased from Boshide Biotechnology
Co, Wuhan. Detection was carried out according to the
instruction of the kit. Five visual fields in three sections of
each tissue, were randomly selected and observed under
the light microscope and analyzed with LeicaQ500IW
image analysis system for the integral optical density JOD).

Statistical analysis

Data were expressed as mean * SD, and analysed by
SPSS 11.0 software. Analysis of variance and # test were
used for intergroup comparison. P < 0.05 was considered
statistically significant. P < 0.01 was considered statistically
obviously significant.

RESULTS

Gastric myoelectric activity

EGG was regular with frequencies of 3.07 cycle per
min (cpm) and amplitudes of 360-370 pv in the control
group. In rats with gastric motility disorder induced by
cold restraining stress, EGG was disordered and irregular.
There was an obvious difference in frequency and
amplitude of EGG between the model group and control
group (P < 0.01). Following EA at “Zusanli” (ST306), the
frequency and amplitude of gastric motility were obviously
decreased (P < 0.01). In the non-acupoint group, the two
parameters had no obvious difference compared with

those of model group (P > 0.05) (Table 1).

Effect of EA on VIP and NO concentrations

In cold restraining stress rats, VIP and NO concentrations
in plasma and mucosal and bulb tissues were obviously
decreased (P < 0.01). Following EA of ‘“Zusanli” (ST30),
the concentrations of VIP and NO rose obviously (P <
0.01, P < 0.05) in comparison with those of the model
group. In the non-acupoint group, the levels had no
obvious difference compared with those of model group

(Table 2).
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Table 2 Effect of EA on VIP and NO concentrations under restrained-cold stress in rats (Mean + SD)

NO VIP
Groups n Plasma Antrum Bulb tissues Plasma Antrum Bulb tissues
(umol-L™) (ng/mg) (ng/mg) (umol/L) (ng/mg) (ng/mg)
Control 10 2835 +1.32 4523 +2.11 3451 +3.24 8.80+2.55 1.95+0.62 0.48 +0.07
Model 10 19.24 +0.95° 28.01 +1.42° 2348 +2.62° 5.16 +1.58° 112 +0.46° 0.37 +0.05
EA 10 25.36 +1.61° 4451 +0.89° 31.72 +1.06° 14.35 +3.47° 1.63+0.59° 0.64 +0.10°
Non-acupoint 10 20.13 +1.78 29.76 +1.14 28.67 +1.06 4.87 +1.48 1.09 +0.41 0.39 0.05

P < 0.01 vs control group; P < 0.05, 4p < 0.01vs model group.

Non-acupoint +
model H
EA + Model

Model '—4 a

Control

0 2000 4000 6000 8000 10000

Figure 2 10D analysis of the effect of EA on VIP immunoreactivity. °P < 0.05 vs
control group; °P < 0.01 vs model group. Data are mean + SD, n = 10.

Detection of VIP by immunocytochemistry

Immunocytochemistry results showed that positive
immune reaction for VIP in fibers presented as a series
of beads or filaments in brown color, with a background
showing no staining or stained yellow. The positive
reaction was usually located in the muscle layer and
submucosa. In the gastric wall muscle layer of model
group, positive immune reaction for VIP fibers appeared

www.wjgnet.com

Figure 1 Microscopic photography
of VIP-positive fibers of gastric
smooth muscle in antrum (x 400).
A: Moderate immunoreactive
staining of VIP-positive nerve
fibers in control group (x 400); B:
Weak immunoreactive staining
of VIP-positive nerve fibers in
model group (x 400); C: Strong
immunoreactive staining of
VIP-positive nerve fibers in EA
group (x 400); D: Moderate
immunoreactive staining of VIP-
positive nerve fibers in non-
acupoint group (x 400).

as lighter staining and lower density. In gastric wall muscle
layer of the EA group, positive immune reaction for VIP
fibers appeared as obviously dense staining (Figure 1). In
the model group, computer image analysis showed that
the expression of VIP in gastric wall declined obviously in
compatison with the control group (3979.31 + 582.10 »s
5646.25 £ 458.79, P < 0.05), while those of VIP in gastric
wall in the EA group increased obviously in comparison
with model group (9420.50 + 897.56 »s 3979.31 + 582.10,
P < 0.01). However, no obvious changes of the densities
of VIP in gastric wall in the non-acupoint group were
found. This indicated that the effect of EA of “zusanli”
can enhance the expression of VIP in gastric wall (Figure 2).

DISCUSSION

Brain gut peptides (BGPs) distribute extensively in
the brain and the gastrointestinal tract. It has been
demonstrated that some BGPs including gastrin
(GAS), motilin (MTL), substance P(SP), VIP and
somatostatin(SS) participate in gastrointestinal motility,
secretion and absorption. Recent data revealed that BGPs
are partially responsible for the regulatory effect of EA
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on gastrointestinal tract activity, and EA can generate
apparent changes in many bioactive substances such as
GAS, MTL, SP, VIP, ezc., and the effect of EA of ‘“Zusanli”
(ST36) is of high specificity!>"”, Acupuncture at the
stomach channel of foot-Yangming can increase the levels
of NO and NOS in gastric mucosa and the NOS-positive
nerves in antral myenteric plexus'*”. In recent years, it
has been found that decrease in gastric mucosal blood
flow (GMBF) and hyperactivity of gastric motility play an
important role in inducing gastric mucosal lesions under
stress conditions""”. During stress, the gastric smooth
muscle contracts intensively, resulting in disturbance of
the blood circulation, dectease of GMBF and increased
permeability of the vascular wall. As a result, gasttic ulcer
occurs™*. The results of the present study showed that
in cold-restraining stressed rats, the gastric mucosal lesion
was obvious. EGG was disordered and irregular. The
frequency and amplitude of gastric motility were higher
than that in control group (P < 0.01). VIP and NO levels
in plasma and mucosal and bulb tissues were obviously
lowered (P < 0.01). Following EA of “Zusanli”’(ST30), the
frequency and amplitude of gastric motility were lowered
(P < 0.01), while the concentrations of VIP and NO were
increased obviously (P < 0.01 or P < 0.05) in comparison
with those of the model group and the expression of
VIP-positive nerve fibers in gastric smooth muscle was
elevated significantly (P < 0.01 or P < 0.05) in comparison
with model group. The abnormal gastric motility caused
by cold-restraining stress can be improved by EA and
the mechanism of EA may be related to the endogenous
changes of NO and VIP.

The regulation of gastric motility is a complex process
related to neural activity and gastrointestinal hormone.
NO and VIP, two main inhibitory neurotransmitters of
the nonadrenergic noncholinergic (NANC) nerve of
the intrinsic intestinal nerve system, were extensively
distributed in the brain and gastrointestinal tract. They play
an important role in the modulation of the function of the
digestive tract. Immunocytochemistry showed that VIP-
positive fibers were closely distributed around the nNOS-
positive neurons. The results suggested that nNOS-positive
neurons might have close morphological relationship
with VIP-positive or AChE-positive neurons. They might
be coordinated in the regulation of the function of the
digestive tract and nitric oxide might regulate the activity
of both myenteric neurons and smooth muscle!”. NO
is involved in NANC nerve-induced relaxation and the
participation of VIP (and related neuropeptides) cannot
be excluded in causing relaxation of mouse gastric
fundus muscle strips. Experimental findings support
the idea that VIP directly stimulates the production of
NO by increasing nNOS activity and thereby activating
soluble guanosine cyclase in smooth muscle™. Tt has
been found that 65% of NOS containing immune active
nerve fibers also have VIP immune activity, and 75% of
VIP containing immune active nerve fibers also possess
NOS immune activity in alimentary tract smooth muscle
neurons, nerve fibers and submucosa in cats”". In the
rabbit stomach circular muscle layer, VIP combined with
the specific receptor can lead to intracellular Ca®" content
increase in stomach muscle cells. Microinjection of VIP

into the dorsal vagal complex(DVC) evokes increases in
gastric motor activity™. Extracellular VIP also stimulates
stomach muscle cells to produce NO, and increase the
content of inner cAMP and ¢cGMP, inducing muscle
relaxation. Recent studies in gastric muscle strips of
rabbits, rats, and guinea pigs showed that VIP-induced
relaxations were inhibited by NOS inhibitors, suggesting
the cascade pathway, in which VIP was proposed to be the
primary neurotransmitter, inducing relaxation partially via
activation of adenylyl cyclase and partially via stimulation
of NO production™ .

NANC nerve excitement by electric field stimulation
induces muscle relaxation of gastric fundus. The
underlying mechanism has been attributed to the low
frequency stimulation which acts through NO production
and VIP release™?". Keef ef a/™ proposed that NOS and
VIP-like immunoreactivities atre co-localized in enteric
neurons and varicose fibers in the circular muscle layer, and
that NO and VIP are co-transmitters, released in parallel
from enteric inhibitory nerves. We conclude that NOS
and VIP are extensively distributed in the nerve cells and
nerve fibers of the whole alimentary tract from esophagus
to anus. In the meantime, coexistence could also be seen.
Zhang et al put forward that the mechanism of cooperative
effects of VIP and NO may be as follows: NO and VIP
act together as NANC nerve inhibitory transmitters.
When NANC nerves excite, they induce release of VIP
and increase of NO production. NO and VIP through
interaction accelerate production of themselves™. NO,
besides producing smooth muscle relaxation, may enhance
the release of VIP, which in turn may further stimulate
NO formation™. In contrast, the ineffectiveness of NOS
inhibitors on the relaxations induced by VIP in many
gastrointestinal tissues supports the idea that there is no
interaction between NO and VIP in the gastrointestinal
tract”’. Thus there is still controversy about the interaction
between NO and VIP and the underlying mechanisms of
this interaction remain to be resolved.

The results of this study suggest that gastric motility
disorders during restrained-cold stress may be partially
mediated by release of BGPs. Changes of NO and VIP
levels in plasma and mucosal and bulb tissues may be
related with the gastric motility. The regulative effect
of EA on gastric motility is closely correlated with the
increase or decrease of NO and VIP. EA at “Zusanli”
acupoint (ST306) is capable of improving gastric motility
function of the animal model by increasing the levels of
VIP and NO. These data imply that NO and VIP may
have a synergistic modulative effect on gastric mucosal
blood flow and gastric motility. The modulative mechanism
of acupuncture on gastroenterotract may be through the
intricate neuro-endocrine-immune network.

REFERENCES

1 Xu GS, Wang ZJ], Zhu SL, Chen QZ, Jiao ], Zhang DQ. Nitric
oxide participates in ptorective effects of acupuncture on
gastric mucosal damages in rats. Anhui Zhongyi Xueyuan
Xuebao 1996; 15: 36-38

2 Xu GS, Sun Y, Wang Z], Zhang DQ , Gu X]. Effects of
electroacupuncture on gastric mucosal blood flow and
transmucosal potential difference in stress rats. Huaren Xiaohua

www.wjgnet.com



6160 ISSN 1007-9327  CN 14-1219/R

World J Gastroenterol

October 14, 2006 Volume 12 Number 38

10

11

12

13

14

15

16

17

18

Zazhi 1998; 6: 4-6

Shen GM, Jiang AH, Xu Y, Lu L, He F, Xu GS. Effect of
electroacupuncture of “Zusanli” on the VIP concentrations of
the Peripheral Blood, Gastric Mucousal and Brain tissues in
Gastric Mucousal Injury Rats. World | Acup-Mox 2002; 12: 20-23
Long QL, Wang ZH. Nitregic nerves and electrogastric
dysrhythmia in rats. Disi Junyi Daxue Xuebao 2003; 24: 1572-1574
Liu J, Li ZS,Xu GM.Effect of neuropeptides VIP and CCK-8 on
gastric motility after traumatic stress. Dier Junyi Daxue Xuebao
2000; 21: 13-15

Wang FW,Zhu Y,Li ]. Protective effect of Sodium Nitroprusside
(SNP) on stress gastric mucosal injury in rats.Shandong
Shengwu Yixue Gongcheng 2003; 22: 40-43

Tungel N, Erkasap N, Sahintiirk V, Ak DD, Tungel M. The
protective effect of vasoactive intestinal peptide (VIP) on
stress-induced gastric ulceration in rats. Ann N Y Acad Sci
1998; 865: 309-322

Zhang MZ, Xu CY, Xu GS. EGG-1A model electrogastroentero
graphy. Zhongguo Yiliao Qixie 1985; 9: 38-40

Xu GS, OuYang S, Xu R. Frequency component analysis
of electrogastroenterogram by computer. Shengwu Yixue
Gongcheng Zazhi 1986; 3: 248-251

Green LC, Tannenbaum SR, Goldman P. Nitrate synthesis in
the germfree and conventional rat. Science 1981; 212: 56-58
Yang JS. Medical Cytochemistry and Cell Biotechnic. Beijing:
Beijing Medical University Publishing Company, 1992: 105
Gao W, Huang YX, Chen H, Zhang HX, Sun DY, Wang QL.
The regulate mechanism of stomach meridian - Brain gut
peptides -immunity network on electroacupuncture. World |
Gastroenterol 2001; 9: 279-283

Yi SX, Yang RD, Yan J. Experimental Observation on
protective effect of dynamic exciting on every points in Foot
Yangming Channel on gastric mucosa of rat. Hunan Zhongyi
Xueyuan Xuebao 1996; 16: 53-55

Yan J, Yang RD, He JF, Yi SX, Chang XR, Lin YP. Effect of
acupuncture at different meridian acupoints on changes
of related factors for rabbit gastric mucosal injury. World |
Gastroenterol 2005; 11: 6472-6476

Li DW, Li CH, Guo Y, Ge W], Xia LY. Effect of acupuncture on
nitroxidergic neuron in stomach and intestine intermuscular
nerve plexus. Shanghai Zhenjiu Zazhi 2002; 21: 40-42

Wang ZJ, Zhu WY. Cytoprotection. Beijing: Beijing Medical
University-China Union Medical University Joint Publishing
Company 1995: 195-196

Ueki S, Takeuchi K, Okabe S. Gastric motility is an important
factor in the pathogenesis of indomethacin-induced gastric
mucosal lesions in rats. Dig Dis Sci 1988; 33: 209-216
Mersereau WA, Hinchey EJ. Relationship between the gastric
myoelectric and mechanical activity in the genesis of ulcers in

www.wjgnet.com

19

20

21

22

23

24

25

26

27

28

29

30

31

indomethacin-insulin-treated rats. Dig Dis Sci 1988; 33: 200-208
Wu H]J, Lin CY, Cao FY, Hu DS, Yin GF, Ru LQ. A
comparative study on the distribution of NOS positive and
AChE, VIP- positive neurons in the intestine of rat. Zhongguo
Zuzhihuaxue Yu Xibaohuaxue Zazhi 2000; 9: 187-190

Ergiin Y, Ogiilener N. Evidence for the interaction between
nitric oxide and vasoactive intestinal polypeptide in the mouse
gastric fundus. ] Pharmacol Exp Ther 2001; 299: 945-950

Ny L, Andersson KE. Characterization of the NO/cyclic GMP
system in the mouse gastric fundus. Acta Physiol Scand 1998;
163: A25-A26

Krowicki ZK. Role of selected peptides in the vagal regulation
of gastric motor and endocrine pancreatic function. | Physiol
Pharmacol 1996; 47: 399-409

Murthy KS, Grider JR, Jin JG, Makhlouf GM. Interplay of VIP
and nitric oxide in the regulation of neuromuscular function
in the gut. Ann N Y Acad Sci 1996; 805: 355-362; discussion
362-363

Jin JG, Murthy KS, Grider JR, Makhlouf GM. Activation of
distinct cAMP- and cGMP-dependent pathways by relaxant
agents in isolated gastric muscle cells. Am | Physiol 1993; 264:
G470-G477

Jin JG, Murthy KS, Grider JR, Makhlouf GM. Stoichiometry of
neurally induced VIP release, NO formation, and relaxation
in rabbit and rat gastric muscle. Am ] Physiol 1996; 271:
G357-G369

Grider JR, Murthy KS, Jin JG, Makhlouf GM. Stimulation
of nitric oxide from muscle cells by VIP: prejunctional
enhancement of VIP release. Am | Physiol 1992; 262: G774-G778
Boeckxstaens GE, Pelckmans PA, De Man JG, Bult H, Herman
AG, Van Maercke YM. Evidence for a differential release
of nitric oxide and vasoactive intestinal polypeptide by
nonadrenergic noncholinergic nerves in the rat gastric fundus.
Arch Int Pharmacodyn Ther 1992; 318: 107-115

Keef KD, Shuttleworth CW, Xue C, Bayguinov O, Publicover
NG, Sanders KM. Relationship between nitric oxide and
vasoactive intestinal polypeptide in enteric inhibitory
neurotransmission. Neuropharmacology 1994; 33: 1303-1314
Zhang M, Qu RY. Relation between NO and VIP with gastro-
intestinalelectric - mechanics activity. World | Gastroenterol
2003; 11: 1059-1063

Allescher HD, Kurjak M, Huber A, Trudrung P, Schusdziarra
V. Regulation of VIP release from rat enteric nerve terminals:
evidence for a stimulatory effect of NO. Am | Physiol 1996; 271:
G568-G574

Bayguinov O, Keef KD, Hagen B, Sanders KM. Parallel
pathways mediate inhibitory effects of vasoactive intestinal
polypeptide and nitric oxide in canine fundus. Br ] Pharmacol
1999; 126: 1543-1552

S- Editor LiuY L-Editor Zhu LH E- Editor Liu WF



