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A large number of studies have been conducted to explore the efficacy of electroacupuncture (EA) for the treatment of
gastrointestinal motility. While several lines of evidence addressed the basic mechanism of EA on gastrointestinal motility regarding
effects of limb and abdomen points, the mechanism for effects of the back points on gastric motility still remains unclear. Here
we report that the NMDA receptor (NMDAR) antagonist kynurenic acid inhibited the gastric emptying increase induced by high-
intensity EA at BL21 and agonist NMDA enhanced the effect of the same treatment. EA at BL21 enhanced NMDAR, but not AMPA
receptor (AMPAR) component of miniature excitatory postsynaptic current (mEPSC) in gastric-projecting neurons of the dorsal
motor nucleus of the vagus (DMV). In sum, our data demonstrate an important role of NMDAR-mediated synaptic transmission
of gastric-projecting DMV neurons in mediating EA at BL21-induced enhancement of gastric emptying.

1. Introduction

Functional gastrointestinal disorders are frequently encoun-
tered in ordinary clinical practice. A large number of studies
have been conducted to explore the efficacy of electroacu-
puncture (EA) for the treatment of gastrointestinal motility
disorders [1-8]. However, the mechanism of acupuncture on
gastrointestinal (GI) motility remains to be clarified. Weishu
(BL21), as one of the most common points for gastrointes-
tinal disorders, can accelerate gastric motility [9]. Previous
reports demonstrated that EA at various frequencies (1-
100 Hz) may stimulate the somatic afferent nerves innervat-
ing the skin and muscles of the body and different stimula-
tion procedures are able to excite different somatic afferent
fibers and regulate gastric motility through different mecha-
nisms[5, 10, 11].

The inhibitory cutaneojejunal reflex is apparently pro-
priospinal, since it existed in spinal animals, whereas the fa-
cilitatory reflex could be supraspinal [11]. The dorsal motor
nucleus of the vagus (DMV) plays a critical role in regulation
of gastric motility. Receptors of glutamate and GABA in the
dorsal vagal complex are involved in regulation of GI
motility. GABAA and NMDA receptors are colocalized
within DMV neurons projecting to the stomach [12]. Mi-
croinjection of glutamate into the DMV enhanced gastric
motility [13-15]. On the other hand, microinjection of
GABAA antagonists, bicuculline, into the DMV induces
dose-dependent increases in gastric motility and secretion
[16-18]. Microinjection of GABAA agonist, muscimol, into
the DMV abolished bicuculline-induced increases in gastric
motility and gastric acid secretion [17, 18]. GABAB recep-
tor antagonist, baclofen, induced outward current of the
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gastric-projecting neurons at the DMV [19]. EA stimu-
lates glutaminergic neurons in the brainstem resulting in
improvement of stress-induced delay of gastric emptying
[20]. In current works, we investigated the functional
role of NMDA receptors (NMDARs) and GABA receptors
(GABARYs) in this process and found that high-intensity EA
at BL21 enhanced gastric emptying through NMDARs of
DMV.

2. Materials and Methods

2.1. Animals. Male Sprague Dawley (180-200g) rats were
purchased from the Institute of Laboratory Animal Sciences,
CAMS & PUMC (Beijing, China), and the Shandong Labora-
tory animals Center. In this study, all manipulations and pro-
cedures were carried out in accordance with The Guide for
Care and Use of Laboratory Animals issued by USA National
Institutes of Health and were approved by the Institutional
Animal Care and Use Committee of China Academy of
Chinese Medical Sciences, as well as the Animal Care and Use
Committee of Shandong University of Traditional Chinese
Medicine. Rats were housed (23 + 1°C) in groups and main-
tained under a 12 hours light/dark cycle with food and water
available ad libitum [21, 22].

2.2. Gastric Emptying Study. As described previously [23],
After 24h of fasting, rats were given preweighed pellets
(1.5g) for 10 min. After the start of feeding (10 min), the
residual pellets were withdrawn. Food intake was measured
by weighing the spilled and uneaten pellets. Rats were killed
by decapitation 90 min after the start of feeding under the
ketamine (80 mg/kg) and xylazine (8 mg/kg) anesthesia. The
stomach was surgically isolated and removed. The gastric
content was recovered from the stomach, dried, and weighed.
Solid gastric emptying was calculated according to the fol-
lowing formula

Gastric emptying (%) = (1 — (dried weight of food re-
covered from stomach)/weight of food intake) x 100 [23].

2.3. Microinjection in DMV. A glass micropipette (ID 0.04
mm, OD 0.12 mm, WPI, USA) with a tip diameter of ~30 ym
was stereotaxically implanted at 0.1 to 0.6 mm rostral to cala-
mus scriptorius (CS), 0.3 to 0.6 mm lateral from the midline,
and 0.5 to 0.9 mm below the dorsal surface of the medulla.
Microinjections of glutamate or GABA receptor (GABAR)
antagonist were performed bilaterally via a Hamilton syringe
connected to the micropipette, with the movement of the
meniscus monitored by a dissecting microscope. Injections
were given in volumes of 5 yL over a period of 45-60 seconds.
EA-evoked responses were repeated 10 min after the dorsal
motor nucleus of the vagus (DMV) microinjection. The
locations of microinjection were confirmed by histological
verification.

2.4. Histological Verification of Injection Sites. The microin-
jection site in the brainstem was marked by pontamine sky
blue. After fixing in vivo with 2% paraformaldehyde and 1%
glutaraldehyde in 0.1 M PBS (pH 7.4), the brainstem was
sectioned at 30 um, and the sections were stained with 0.3%
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neutral red. The marked microinjection site was located by
microscopic examination. Only those data with histological
and chemical confirmation were accepted.

2.5. Electroacupuncture Stimulation. BL21 was determined
by anatomical marks based on the description in textbooks
and previous reports [24]. Briefly, BL21 is located on the
back, below the spinous process of the 12th thoracic vertebra,
1.5cun lateral to the posterior midline (about 8 mm in
rats). 10 min after drug administration, BL21 was bilaterally
stimulated with a 2-3mA pulse of 1ms duration at a
frequency of 50 Hz for 15 minutes. The stimulation intensity
of a strong nociceptive stimulation which can activate C-fiber
(7.68 + 0.53 mA) was given by a pair of needle electrodes
inserted 3 mm depth into the skin. The control acupoint
Zhongwan (CV12) located on the median line of the upper
abdomen, 15 mm above the umbilicus [22], was also inserted
to a depth of 3 mm and stimulated with the same above men-
tioned intensity. The electrical current for EA was generated
by a stimulator (Master-8, Israel).

2.6. Retrograde Labeling. The crystals of retrograde neu-
ronal tracer 1,1'-dioctadecyl-3,3,3’,3'-tetramethylindocar-
bocyanine perchlorate (DilC;5(3); Dil) (Molecular Probes,
Eugene, USA) was used to label gastric-projecting neurons of
the DMV in 14-day-old male Sprague Dawley rats (Institute
of Laboratory Animal Sciences, CAMS & PUMC, Beijing,
China). As described previously [25, 26], after anesthetizing
deeply with ketamine/xylazine and performing an abdominal
laparotomy, Dil crystals were applied to one gastric region
per rat (either the major curvature of the fundus or corpus or
the antrum-pylorus). To confine the site of application, the
crystals were embedded to the application site using a fast-
settling epoxy resin that was allowed to harden for several
minutes. After closing the laparotomy with 5/0 suture, the
animal was placed in the chamber warmed under a radiant
heat lamp until normal activity was restored. The animals
were then returned to their home cages and allowed to
recover for 1015 days before brain slices were collected.

2.7. Brain Slice Preparation. Thin brainstem slices were pre-
pared from retrograde-labeled rats as described previously
with several modifications [25, 26]. Briefly, the rat was sacri-
ficed after being deeply anesthetized with ketamine/xylazine.
The whole brain was then removed and placed in ice-
cold artificial cerebrospinal fluid (ACSF) containing (in
mM): 124 NaCl, 3 KCl, 1.25NaH,POy, 1.3 MgSOys, 2 CaCl,,
26 NaHCOs3, 10 glucose, bubbled with 95% 0,/5% CO,,
osmolality 300-310 mOsm. After removing the cerebellum,
the brainstem was transected rostrally at the level of the pons
and again at a point several millimeters caudal to the CS. A
vibratome (VT12008S, Leica, German) was used to cut four to
five coronal slices (250 ym thickness) containing the DMV.
The slices were incubated at 37°C for at least 45 minutes in
oxygenated ACSF before use.

2.8. Whole-Cell Recording. A single slice was transferred to
the recording chamber and kept in place with a slice anchor
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(Warner Instruments, Hamden, USA). The retrograde-
labeled DMV neurons were identified under a Nikon
E600 microscope (Nikon, Tokyo, Japan) equipped with te-
tramethylrhodamine isothiocyanate epifluorescence filters.
Electrophysiological recordings were made under bright-
field illumination after the identity of a labeled neuron
was confirmed. The slice was continuously superfused
with oxygenated ACSF (2mL/min) at room temperature.
Recording solution containing (in mM): 145 K-gluconate,
7.5KCl, 9NaCl, 1 MgSO4, 10 HEPES, 0.2 EGTA, 2 Na-ATP,
0.25 Na-GTP, adjusted to pH 7.4 with KOH, osmolality
290-300 mOsm, was used to back-fill recording electrodes
(DC resistance: 5-7 M(Q)). Miniature excitatory postsynaptic
currents (mEPSCs) were recorded with an Axopatch 200B
amplifier (Molecular Devices, USA) and filtered at 2kHz
with a lowpass filter, and data were digitized at 10 kHz and
stored online using the pClamp 9 software. The perfusion
solution contained 30 uM bicuculline and 1M TTX, and
the membrane was held at —60 mV. Each data is averaged
with 100 events at least. Data were analyzed with the Mini
Analysis program (Synaptosoft, Leonia, USA) and WinWCP
software (Strathclyde Institute of Pharmacy and Biomedical
Sciences, Canada).

2.9. Data Analysis. Data was shown as mean + SEM. For
significance evaluation, data sets with normal distribution
were analyzed by unpaired t-test for two groups or one-
way ANOVA followed by g test or Dunnett’s test for more
than two groups, and P < 0.05 was considered statistically
significant.

3. Results

3.1. The Effect of EA at BL21 on Gastric Emptying. To
determine whether EA at BL21 may affect gastric emptying
in rats, we designed an experiment in which EA with a
stimulation protocol mentioned above was applied at BL21
and selected an abdomen point CV12 as a control it which
same stimulation protocol was performed. As shown in
Figure 1, EA at BL21 increased gastric emptying capacity
(control: 53.80 = 5.23%; BL21: 68.45 + 6.12%, P < 0.05).
vOppositely, EA at CV12 reduced gastric emptying (40.08 =
4.37%, P < 0.05).

3.2. The Role of GABA Receptors in Regulation of Gas-
tric Motility by EA at BL21 Point. To identify the role
of GABA receptors in regulation of gastric emptying by
electrostimulation at BL21, we stereotaxically microinjected
GABA receptor antagonists bicuculline (for GABAA, 5ulL,
12 nM) and phaclofen (for GABAB, 5 uL, 100 nM) through a
glass micropipette into DMV 10 min before EA application.
Same volume normal saline was microinjected into DMV
in control group. After EA for 15min, the animals were
deeply anesthetized with ketamine/xylazine anesthesia, and
the stomach was then isolated and removed. The gastric
content was dried and weighted. As shown in Figure 2, com-
pared to the control (52.80 + 4.18%), EA increased gastric
emptying significantly (70.08 = 6.37%, P < 0.05). However,
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FiGure 1: Effects of electroacupuncture (EA) at BL21 and CV12
on gastric emptying. EA at BL21 increases gastric emptying
significantly compared to the control (*P < 0.05, **P < 0.01, one-
way ANOVA followed by ¢ test, “P < 0.05, compared to BL21).
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FiGure 2: Effects of GABA receptor (GABAR) antagonists, bicu-
culline and phaclofen, on the regulation of gastric emptying by EA
at BL21. EA at BL21 increased gastric emptying significantly but
GABAA and GABAB antagonists, bicuculline and phaclofen, did
not significantly affect the upregulation of gastric emptying induced
by EA at BL21 (*P < 0.05, **P < 0.01, compared to control,
#P < 0.05, compared to EA, one-way ANOVA followed by g test).

the emptying capacity enhanced by EA did not change
significantly after injection of bicuculline or phaclofen (EA +
bicuculline: 68.07 + 3.24%; phaclofen: 71.09 + 4.45%, P >
0.05), suggesting that the emptying capacity increased by EA
at BL21 might not be mediated by GABA receptors of DMV.

3.3. The Role of NMDA Receptors in Regulation of Gastric
Motility by EA at BL21 Point. To identify the role of
NMDARs of DMV neurons in upregulation of gastric empty-
ing by EA at BL21, we stereotaxically microinjected NMDAR
antagonists, kynurenic acid (5uL, 0.1mM), into DMV.
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Ficure 3: Effect of NMDA receptor (NMDAR) antagonist
kynurenic acid on the regulation of gastric emptying by EA at BL21
EA at BL21 increased gastric emptying significantly but NMDAR
antagonist kynurenic acid abolished the enhancement of gastric
emptying caused by EA at BL21 (*P < 0.05, **P < 0.01, compared
to the control; #P < 0.01, compared to EA; one-way ANOVA
followed by g test).
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Ficure 4: Effect of NMDA receptor (NMDAR) antagonist,
kynurenic acid, on the regulation of gastric emptying by EA at
BL21. EA at BL21 increased gastric emptying significantly. NMDAR
agonist, NMDA, further increased gastric emptying caused by EA at
BL21 (*P < 0.05, **P < 0.01, compared to the control; *P < 0.05,
compared to EA; one-way ANOVA followed by g test).

Figure 3 showed that EA increased the gastric emptying
significantly (con: 58.20 = 4.23%; EA: 72.02 + 7.43%, P <
0.05). After kynurenic acid application, the increased gastric
emptying by EA decreased significantly (36.59 + 5.37%,
P < 0.01). To further confirm whether NMDARs play a
role in the upregulation of gastric emptying by EA at BL21,
NMDAR agonist, NMDA (5 uL, 10 uM), was microinjected
into DMV. As shown in Figure 4, microinjection of NMDA
into DMV further increases the gastric emptying induced
by EA significantly (EA + NMDA: 88.47 + 3.31%, P <
0.05). These data suggested that NMDA receptors play an
important role in the upregulation of gastric emptying by EA
at BL21.
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3.4. EA at BL21 Increases NMDA Component of mEPSC but
Not AMPA Component. Having identified that the upreg-
ulation of gastric emptying by EA at BL21 is mediated by
NMDARs of DMV neurons, we went on to identify the effect
of EA at BL21 on synaptic transmission in DMV neurons. To
address whether EA at BL21 specifically affects the NMDAR-
mediated synaptic responses in gastric-projecting DMV
neurons, we first used a retrograde tracing marker to label
gastric-projecting DMV neurons. Most labeled neurons were
localized at the medial DMV, consistent with the previous
reports [25, 27, 28]. We applied EA at BL21 for 15 min in rats
with retrograde labeling and performed whole-cell recording
in acute brainstem slices. Firstly we recorded mEPSCs in the
acute slices and separated NMDA and AMPA component
using pharmacological approach (Figures 5(a) and 5(b)). In
labeled neurons, EA at BL21 did not change frequency of
mEPSCs significantly (data not shown). However, as shown
in Figure 5(c), EA at BL21 increased NMDA component
significantly (control: 116.37 + 15.83 pA-ms; EA: 170.72 +
17.05 pA-ms, P < 0.01); in contrast, it had no significant
effect on AMPA component (control: 257.05 + 35.41 pA-ms;
EA: 263.33 + 23.70 pA-ms). Figures 5(d) and (e) showed
representative traces of mEPSCs recorded in the unlabeled
neurons. The frequency of mEPSC did not change signif-
icantly (data not shown). Figure 5(f) showed that EA at
BL21 did not cause significant changes of either NMDA or
AMPA component of mEPSCs in unlabeled neurons (NMDA
component: 123.45+17.37 pA-ms for control versus 128.35+
20.34 pA-ms for EA; AMPA component: 247.37 + 27.15
pA-ms for control versus 240.42 + 31.38 pA-ms for EA).
The above results suggested that EA at BL21 enhances gastric
emptying through upregulating NMDAR-mediated synaptic
transmission of gastric-projecting DMV neurons.

4. Discussion

In the present study, we found that EA with a high intensity
at BL21 increased gastric emptying in rats. NMDARs play
a crucial role in this process. Enhancement of NMDAR-
mediated synaptic transmission in gastric-projecting DMV
neurons is required for this potent regulation of gastric emp-
tying.

The emptying of liquids from the stomach is primarily a
function of the pressure gradient between the stomach and
the duodenum. Intragastric pressure is generated by gastric
contractions, mainly from the proximal stomach [23, 29].
Therefore, gastric emptying of liquids seems to reflect mainly
fundal activity. On the other hand, it has been generally
accepted that solid gastric emptying is regulated by the
coordination of the antrum, pylorus, and duodenum [29,
30]. The antral pump and pyloric opening are of paramount
importance for emptying solids. Large solid particles are
retained in the stomach by the pyloric closure and are
retropelled and triturated in the antral mill [29, 31].

Somatovisceral reflexes responsible for regulation of
visceral organs are strongly associated with the effects of
acupuncture. Previous studies well documented that stim-
ulating different skin area or points can produce different
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FiGure 5: Effect of EA at BL21 on mEPSCs in labeled and unlabeled DMV neurons. (a) Representative traces of mEPSCs of labeled neurons
in control and EA groups. (b) Representative AMPAR and NMDAR components of mEPSC (average over 100 events) in labeled neurons.
From left to right: mEPSC containing AMPAR and NMDAR components, isolated AMPAR component, isolated NMDAR component. (c)

With regard to labeled neurons in EA group, NMDAR component

was increased significantly, but AMPAR component did not change

significantly (**P < 0.01, unpaired ¢ test, n = 12 neurons for each group). (d) Representative traces of mEPSCs of unlabeled neurons in
control and EA groups. () AMPAR and NMDAR components of mEPSC (average over 100 events) in unlabeled neurons. From left to
right: mEPSC containing AMPAR and NMDAR components, isolated AMPAR component, isolated NMDAR component. (f) With Regard
to unlabeled neurons in both control and EA groups, neither NMDAR nor AMPAR component changed significantly (n = 8 neurons for

each group).

effects on gastric motility [5, 10, 11]. BL21, as one of the most
common points for functional gastrointestinal disorders in
the literature of traditional Chinese medicine, did not attract
enough attention to its effect on these diseases. In this
study, we applied EA at BL21 to observe its effect on gastric
emptying and the mechanism responsible for this reaction
and selected abdominal point CV12 as a control. Our results
determined that EA at BL21 can mostly increase gastric
emptying significantly; in contrast, EA at CV12 decreased
gastric emptying significantly. Here we would like to point
out that although most cases showed the upregulation of
gastric emptying by BL21, in some cases EA at this point
failed to accelerate or even inhibited gastric emptying, similar
to the previous reports [9, 32]. What caused this phenotype
will be further investigated in the future. However, regarding
CV12, the results are very consistent.

Glutamate and y-aminobutyric acid (GABA) are major
excitatory and inhibitory neurotransmitters within the

central nervous system (CNS) [20]. DMV, as a nucleus
sending efferent projections to the gastrointestinal tract,
received excitatory or inhibitory information from nucleus of
the solitary tract, hypothalamus, and so forth. Endogenous
glutamate and GABA are the major neurotransmitters con-
trolling the excitability of DMV motor neurons in brainstem
slice preparations [28]. It is generally accepted that their
inhibitory and excitatory effects on the excitability of DMV
neurons are mediated directly via activation of postsynaptic
GABAA receptors and both NMDA- and non-NMDA-
type glutamatergic receptors, respectively [12, 33, 34]. Our
current study found that NMDAR antagonist kynurenic
acid abolished the acceleration of gastric emptying by EA
at BL21 and agonist NMDA increased gastric emptying,
indicating that EA at BL21 accelerates gastric emptying
through the glutamate pathway of DMV. Our finding that
EA at BL21 increased NMDAR components of mEPSC
but did not change AMPA component in gastric-projecting



DMV neurons suggests that NMDAR-mediated synaptic
transmission of gastric-projecting DMV neurons plays a
predominant role in this process.

5. Conclusions

In general, our works demonstrated that the upregulation of
gastric emptying by EA at BL21 could be due to increasing
NMDAR-mediated synaptic transmission in gastric-pro-
jecting DMV neurons.
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