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Abstract

AIM: To investigate whether stress-induced visceral
hypersensitivity could be alleviated by electroacupunc-
ture (EA) and whether EA effect was mediated by en-
dogenous opiates.

METHODS: Six to nine week-old male Sprague-
Dawley rats were used in this study. Visceral hyper-
sensitivity was induced by a 9-d heterotypic intermit-
tent stress (HIS) protocol composed of 3 randomly
stressors, which included cold restraint stress at 4 'C
for 45 min, water avoidance stress for 60 min, and
forced swimming stress for 20 min, in adult male rats.
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The extent of visceral hypersensitivity was quantified
by electromyography or by abdominal withdrawal re-
flex (AWR) scores of colorectal distension at different
distention pressures (20 mmHg, 40 mmHg, 60 mmHg
and 80 mmHg). AWR scores either 0, 1, 2, 3 or 4 were
obtained by a blinded observer. EA or sham EA was
performed at classical acupoint ST-36 (Zu-San-Li) or
BL-43 (Gao-Huang) in both hindlimbs of rats for 30
min. Naloxone (NLX) or NLX methiodide (m-NLX) was
administered intraperitoneally to HIS rats in some ex-
periments.

RESULTS: HIS rats displayed an increased sensitivity
to colorectal distention, which started from 6 h (the
first measurement), maintained for 24 h, and AWR
scores returned to basal levels at 48 h and 7 d after
HIS compared to pre-HIS baseline at different dis-
tention pressures. The AWR scores before HIS were
0.6 £ 0.2, 1.3 £ 0.2, 1.9 £ 0.2 and 2.3 + 0.2 for 20
mmHg, 40 mmHg, 60 mmHg and 80 mmHg distention
pressures, respectively. Six hours after termination
of the last stressor, the AWR scores were 2.0 + 0.1,
2.5+ 0.1, 2.8 £ 0.2 and 3.5 £ 0.2 for 20 mmHg, 40
mmHg, 60 mmHg and 80 mmHg distention pressures,
respectively. EA given at classical acupoint ST-36 in
both hindlimbs for 30 min significantly attenuated the
hypersensitive responses to colorectal distention in
HIS rats compared with sham EA treatment [AWRs
at 20 mmHg: 2.0 £ 0.2 vs 0.7 £ 0.1, P = 4.23 711
E-4; AWRs at 40 mmHg: 2.6 £ 0.2 s 1.5 £ 0.2, P =
0.00 163; AWRs at 60 mmHg: 3.1 £ 0.2 vs 1.9 £ 0.1,
P =0.003; AWRs at 80 mmHg: 3.6 £ 0.1 vs 2.4 £ 0.2,
P = 0.0023; electromyographic (EMG) at 20 mmHg:
24 £ 4.7 vs 13.8 £ 3.5; EMG at 40 mmHg: 60.2 = 6.6
vs 30 £ 4.9, P = 0.00 523; EMG at 60 mmHg: 83 + 10
vs 39.8 £ 5.9, P = 0.00 029; EMG at 80 mmHg: 94.3
+ 10.8 v 49.6 £ 5.9, P = 0.00 021]. In addition, EA
at the acupuncture point BL-43 with same parameters
did not alleviate visceral hypersensitivity in HIS rats.
EA in healthy rats also did not have any effect on AWR
scores to colorectal distention at distention pressures
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of 20 and 40 mmHg. The EA-mediated analgesic ef-
fect was blocked by pretreatment with NLX in HIS rats
[AWR scores pretreated with NLX vs normal saline (NS)
were 2.0 vs 0.70 + 0.20, 2.80 = 0.12 vs 1.50 £+ 0.27,
3 vs 2.00 £ 0.15 and 3.60 £ 0.18 vs 2.60 = 0.18 for
20 mmHg, 40 mmHg, 60 mmHg and 80 mmHg; P =
0.0087, 0.0104, 0.0117 and 0.0188 for 20, 40, 60 and
80 mmHg, respectively]. Furthermore, EA-mediated
analgesic effect was completely reversed by adminis-
tration of m-NLX, a peripherally restricted opioid antag-
onist (EMG pretreated with m-NLX vs NS were 30.84 +
4.39 vs 13.33 + 3.88, 74.16 + 9.04 vs 36.28 + 8.01,
96.45 + 11.80 vs 50.19 + 8.28, and 111.59 + 13.79 vs
56.42 = 8.43 for 20 mmHg, 40 mmHg, 60 mmHg and
80 mmHg; £ = 0.05 026, 0.00 034, 0.00 005, 0.000 007
for 20 mmHg, 40 mmHg, 60 mmHg and 80 mmHg, re-
spectively).

CONCLUSION: EA given at classical acupoint ST-36
alleviates stress-induced visceral pain, which is most
likely mediated by opioid pathways in the periphery.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Irritable bowel syndrome (IBS) is a common gastroin-
testinal disorder characterized by chronic visceral pain
and bloating in association with altered bowel move-
ments' . Chronic visceral pain, the cardinal feature of
IBS, has been difficult to treat™®. Acupuncture is an
ancient form of traditional Chinese medicine that can
be traced back for more than 3000 years. The acupunc-
ture procedure involves the insertion of thin needles
into the skin and underlying muscle layer, which are
termed acupuncture loci, or “acupoints”. In traditional
acupuncture, the needles are twisted right and left at 0.5-
to 1-s intervals. More recently, acupuncture needles are
stimulated by electricity at various frequencies (1-100
Hz), which is termed electroacupuncture (EA). EA has
been used extensively for treatment of various painful
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conditions and gastrointestinal diseases, including IBS,
functional dyspepsia, constipation, and diarrhea!™. 1t
has been shown that EA treatment results in a signifi-
cant improvement both in general conditions and in
symptoms of bloating“o’“]. Combined EA at the acu-
puncture points ST-36 and PC-6 significantly increases
the threshold of rectal sensations induced by rectal dis-
tension in IBS patients[s’lz’m, suggesting that EA might
be a promising method to treat visceral pain in patients
with IBS. However, research into EA for chronic vis-
ceral pain is still in its infancy, and much of the limited
scientific evidence surrounding it is fragmentary and
often contradictorymm. Thus, further investigations of
EA efficacy and its mechanisms are definitely merited.
Recently, we have developed a rat model of visceral
hypersensitivity induced by heterotypic intermittent
stress (HIS)"". These rats displayed no robust inflam-
mation or injury in the colon, but a significantly higher
visceromoter response (VMR) to colorectal distention
(CRD) compared with age-matched controls. Thus, the
animal model resembles some characteristics of IBS
seen in human patients. The aim of this study was to
investigate whether EA has therapeutic benefits on vis-
ceral hypersensitivity induced by HIS, and if so, what is
the underlying mechanism. We found that EA treatment
at acupoint ST-36 significantly attenuated abdominal
withdrawal reflexes (AWRs) in HIS rats at distention
pressures of 20 and 40 mmHg, and in both stressed and
non-stressed rats at distention pressures of 60 and 80
mmHg. Pretreatment with naloxone (NLX), an opioid
receptor antagonist, or NLX methiodide (m-NLX), a
selectively peripherally acting opioid receptor antago-
nist, completely reversed the EA effect in HIS rats.

MATERIALS AND METHODS

Animals

Six to nine week-old male Sprague-Dawley rats (7 = 94)
housed at approximately 22 ‘C with a 12-h light/dark
cycle were used in this study. Care and handling of these
animals were approved by the Institutional Animal Care
and Use Committee at the University of Texas Medical
Branch and at Soochow University. The animals were eu-
thanized by decapitation at various times indicated in the
Result section after the end of in vivo behavioral studies.
Compared with our previous report that HIS-induced
visceral hypersensitivity returned to normal level 24 h af-
ter termination of the last stressor in Wistar rats' ", HIS-
induced visceral hyperalgesia lasted longer in SD rats
than in Wistar rats. Therefore, SD rats were used in this
experiment. Rats were grouped before experiment and
were single-housed during experiments.

Heterotypic intermittent stress protocol

Rats were subjected to 9 consecutive days of a HIS pro-
tocol comprised of 3 randomly selected stressors, which
included cold restraint stress (CRS) at 4 ‘C for 45 min,
water avoidance stress (WAS) for 60 min, and forced
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Figure 1 Heterotypic intermittent stress protocol and pellets count. A: Nine-day heterotypic intermittent stress (HIS) protocol comprising three different randomly
arranged stressors; B: Stress accelerated colonic transit (n = 10 for control, n = 8 for HIS), which was accompanied by an increase in visceral hypersensitivity (P < 0.05).
C: A schematic representation of the various treatments: stressors, colorectal distention (CRD) and drug treatment with time sequence. CON: Control; AVE: The mean
number of pellets for all 9-d stress protocol or from respective control rats; CRS: Cold restrained stressor; FSS: Forced swimming stressor; WAS: Water avoidance

stressor.

swimming stress (FSS) for 20 min, as described previ-
ouslyll7l and in Figure 1A. In brief, each stressor was ap-
plied between 8 am and 11 am. For CRS, the rats were
restrained in a clear plastic container (6 cm in diameter
X 18 c¢m in length). The container had 2-cm diameter
openings at each end for the rat to breathe normally. The
restraining container was placed in cold room at 4 C for
45 min. The CRS was given to rats on days 1, 4 and 9.
For WAS, the rat was placed for 60 min on a brick (12
cm high X 6 cm wide X 8.5 cm long) in the middle of
a plastic container (14 cm high X 36 cm wide and X 54
cm long) filled with water at room temperature (approxi-
mately 22 'C) within 1 cm from the top. The rats were
subjected to WAS on days 3, 5 and 7. For FSS, the rat
was forced to swim for 20 min in a plastic container (38
cm high X 24 cm wide X 32 cm long) filled to a depth
of 12 cm below the top with water at room temperature
(approximately 22 “C). The FSS was given to rats on days
2, 6 and 8. Age-matched control rats were brought to
the laboratory and handled identically without the stress
protocol.

Heterotypic intermittent stress was chosen because
clinical findings suggest that long-term stress, rather
than short-term stress, exacerbates symptoms of 1BS. In
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addition, variable stressors are less likely to produce ad-
aptation when compared to repeated applications of the
same stressor. The number of pellets during each stress
protocol was counted for each rat in order to measure
colonic transit during stress protocol (Figure 1B). It is
remarkable that stress accelerated defection rate when
compared with controls (two sample # test, P < 0.001).
The number of pellets in the stress situations is not time
dependent as it is in the control situation. This is most
likely due to the different stressors used. The increase
in number of pellets and visceral hypersensitivity in the
stress situations indicates that this model can mimic the
major characteristics of patients with IBS and thus it is
a suitable rat model for study of the effect and mecha-
nisms of EA treatment.

Measurement of visceral hypersensitivity to graded
colorectal distention

Electromyographic recordings. Visceral hypersensi-
tivity was measured by electromyographic (EMG) mea-
surements of VMR to CRD as described previously“sl.
Briefly, under anesthesia with isofluorane, 2 electrodes
were implanted in the external oblique muscle and ex-
ternalized behind the head. Rats were allowed 1 wk to
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Figure 2 Schematic representation of electroacupuncture points. ST-36
(Zu-San-Li) is thought to be relevant to gastrointestinal tract while Gao-Huang
is not.

recover from the surgery. After recovery, baseline EMG
measurement was recorded, and then 9-d stress proto-
col was applied. After termination of last stressor, the
EMGs were recorded again from these rats. In some
cases, EA or sham EA was applied during the stress
protocol. Under anesthesia with isofluorane, a flexible
balloon (5 cm) constructed from a surgical glove finger
attached to a tygon tubing was inserted 8 cm into the de-
scending colon and rectum iz the anus and held in place
by taping the tubing to the tail. Rats were placed in small
Lucite cubicles (20 cm X 8 cm X 8 cm) (Bioengineer-
ing Department, University of Texas Medical Branch,
Galveston, TX) and allowed to adapt for 30 min. CRD
was performed by rapidly inflating the balloon to con-
stant pressure. Pressure was measured using a sphyg-
momanometer connected to a pressure transducer. The
balloon was inflated to various pressures (20 mmHg, 40
mmHg, 60 mmHg and 80 mmHg) for a 20 s stimula-
tion period followed by a 2 min rest. EMG was recorded
continuously during the experiment on a Biopac System
EMG 100 C. The EMG signal was amplified, filtered
at 300 Hz and digitized using Acknowledge software
(Biopac Systems, Inc., CA, United States). The area un-
der the curve (AUC) for EMG activities during each 20
s of distention was calculated using an in-house written
computer program'". The net value for each distension
was calculated by subtracting the baseline value derived
from the AUC for the 20 s pre-distention period. EMG
was measured before HIS and 6 h, 1 d, 2 d and 7 d af-
ter termination of last stressor. Each rat was tested for
EMG twice for each distention pressure and the mean
AUC of EMG calculated from the two repeated mea-
surements was used for each rat for each pressure in the
following statistical analysis.

Abdominal withdrawal reflex scores: Visceral hypersen-
sitivity was also measured by grading behavioral response
of rats to CRD as described previouslyp’wj. In brief, un-
der anesthesia with isofluorane, a flexible latex balloon
(5 cm) attached to a tygon tube was inserted 8 cm into
the descending colon and rectum via anus and held in
place by taping the tube to tail. Rats were placed in small
lucite cubicles and allowed to adapt for 30 min. CRD
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was performed by rapidly inflating the balloon to con-
stant pressure using a sphygmomanometer. The balloon
was inflated to 20 mmHg, 40 mmHg, 60 mmHg and 80
mmHg for 20 s followed by 2 min rest. Behavioral re-
sponse to CRD was measured by visual observation of
AWR by a blinded observer and AWR was scored either 0
(normal behavior), 1 (slight head movement), 2 (contrac-
tion of abdominal muscles), 3 (lifting of abdominal wall)
or 4 (body arching and lifting of pelvic structures). AWR
scores were measured before HIS and 6 h, 1 d, 2 d and
7 d after termination of last stressor. The experimenter,
who assigned the AWR scores and performed the EMG
analysis, was masked to the control or stressed group as-
signment, to the sham or EA treatment, and to the drug
applied (saline or NLX/m-NLX). Each rat was tested
twice for AWR score for each distention pressure and the
mean AWR score from the two repeated measurements
was used for each rat for each pressure in the following
statistical analysis.

Electroacupuncture treatment

EA was applied by a pair of stainless steel suture nee-
dles. Hook-shaped needles were used to avoid spontane-
ous removal of inserted acupuncture needles from rat
body”"*. Two acupoints were used in this study: ST-36
(Zu-San-Li) or BL-43 (Gao-Huang). ST-36, equivalent
to the human acupoint ST-36 (Figure 2), is located at 5
mm lateral to the anterior tubercle of the tibia and 10
mm below the knee jointnl’z‘ﬂ. BL-43, equivalent to the
human acupoint BL-43 (Figure 2), was used as an ir-
relevant acupuncture point to the colon. The needles
were inserted bilaterally at a depth of 5 mm into the
skin and underlying muscles at acupuncture point. To
compare the effect of EA at an irrelevant acupoint, the
same stimulation parameters were used to stimulate the
BL-43. The needles inserted into acupoints were stimu-
lated by an EA apparatus (Model G-6805-2, Shanghai
Medical Electronic Apparatus Company, China) with
a constant rectangular current of alternating trains of
dense-sparse frequencies (100 Hz for 1.05 s and 2 Hz
for 2.85 s alternately, pulse width, 0.1 ms). This com-
bination of dense-sparse frequency would maximally
induce opioid release of met-enkephalin and dynorphin
AP Electrical stimulus intensity was set at the threshold
for a detectable muscle twitch (approximately 1 mA).
The stimulation was delivered for 30 min. For sham EA
group, the needle set was inserted into the ST-36, but no
electrical stimulation was applied. Behavioral tests were
performed immediately after termination of EA.

Drug administration

After finishing the first distension series, NLX (0.1 mg/
kg, Sigma) or m-NLX (1 mg/kg, Sigma) was adminis-
tered intraperitoneally to HIS rats on the second day.
Thirty min after the administration of NLX or m-NLX,
EA at ST-36 was given for 30 min. The second disten-
sion series was performed immediately after termination

of EA. The AUCs for the EMG signals or AWR scores
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Figure 3 Heterotypic intermittent stress increased abdominal withdrawal reflex scores to colorectal distention. A: Abdominal withdrawal reflex (AWR) scores
were used as a function of distention pressure (20 mmHg, 40 mmHg, 60 mmHg and 80 mmHg). Heterotypic intermittent stress (HIS) significantly enhanced AWR
scores measured at 6 h and 24 h after termination of last stressor when compared with baseline (Pre) under 20 mmHg, 60 mmHg and 80 mmHg distention pressure,
while HIS significantly enhanced AWR scores measured at 6 h after termination of last stressor when compared with Pre group under 40 mmHg distention pressure
[Tukey post hoc test following Friedman analysis of variance (ANOVA)]. Therefore, HIS can enhance visceral hypersensitivity in rats at 6 h and 24 h after termination
of last stressor generally when compared with baseline (Pre). AWR scores returned to normal level 48 h after termination of last stressor (n = 8 rats for each group;
°P < 0.05 vs Pre); B: HIS remarkably reduced distention threshold. Distention threshold was the minimal distention pressure to evoke abdominal movement. In agree-
ment with AWR scores, distention threshold started to reduce at 6 h and maintained at a low level at 24 h and returned to normal level 48 h after termination of last

stressor (Friedman ANOVA followed by Tukey post hoc test, n = 8 rats for each group; *P < 0.05 vs Pre).

from two distention series were calculated. m-NLX is a
selectively peripherally acting opioid receptor antagonist.
The time schedule of experimental protocol is shown in
Figure 1C.

Statistical analysis

All data were expressed as mean t+ SE. Statistical analysis
were conducted using commercial software OriginPro
8 (OriginlLab, United States) and Matlab (Mathworks,
United States). Normality was checked for all analyses.
Significance between groups was determined using two
sample 7 test, Friedman analysis of variance (ANOVA)
or two-way repeated-measures ANOVA followed by
Tukey post hoc test or Mann-Whitney test where appro-
priate. The level of significance was set at P < 0.05.

RESULTS

HIS produced visceral hypersensitivity

To determine whether HIS induces visceral hypersen-
sitivity, AWR scores to CRD were measured in rats
before and after the 9-d HIS protocol. The AWR scores
before HIS were 0.6 £ 0.2, 1.3 £ 0.2, 1.9 £ 0.2 and
2.3 = 0.2 for 20, 40, 60 and 80 mmHg distention pres-
sures, respectively. Six hours after termination of the
last stressor, the AWR scores were 2.0 £ 0.1, 2.5 = 0.1,
2.8 + 0.2 and 3.5 = 0.2 for 20, 40, 60 and 80 mmHg
distention pressures, respectively (Figure 3A). Since the
first measurement was at 6 h, the time when it started
was unknown. To determine the time course of stress-
induced visceral hypersensitivity, AWR scores were
recorded 6, 24, 48 h, and 7 d after the HIS protocol.
There was clear time effect for HIS on AWR scores for
all distention pressures (Friedman ANOVA; » = 8 rats
for each group). The increase in AWR scores started at
6 h, maintained for 24 h, and AWR scores returned to
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basal levels at 48 h and 7 d after HIS compared with
pre-HIS baseline at different distention pressures (P <
0.05, Tukey post hoc test following Friedman ANOVA,
Figure 3A). In addition, the distention threshold was
measured in these rats before and after HIS protocol.
Distention threshold was the minimal distention pres-
sure to evoke abdominal movement. The distention
threshold was 38.3 = 1.5 mmHg before HIS and was
239 £1.3,253£0.8,29.0 £ 1.8,34.7 £ 0.9 mmHg at 6,
24,48 h and 1 wk after termination of the last stressor,
respectively. There was significant time effect on the
distention threshold (Friedman ANOVA, P < 0.001, »
= 8 rats for each group). In agreement with the AWR
scores, the distention threshold was significantly lower
at 6 h and 24 h, and returned to the baseline level at 48
h and 7 d after HIS protocol compared with pre-HIS
baseline (P < 0.05, Tukey post hoc test following Fried-
man ANOVA, Figure 3B).

To further confirm the visceral hypersensitivity in-
duced by HIS, EMG measurements were performed on
rats before and after HIS. The AUC of EMG record-
ings before HIS was 10.6 £ 1.6, 29.2 £ 3.3, 41.3 + 4.3
and 52.4 * 5.1 for 20 mmHg, 40 mmHg, 60 mmHg and
80 mmHg distention pressures, respectively. Six h after
termination of the HIS protocol, the AUCs were 24.0
+ 4.7, 60.2 = 6.6, 83.0 = 10.0 and 94.3 = 10.9 for 20
mmHg, 40 mmHg, 60 mmHg and 80 mmHg distention
pressures, respectively. There was significant time ef-
fect of HIS on EMG for all pressures [P < 0.001, two-
way repeated measures ANOVA, with significant time
X pressure interaction (P < 0.001); » = 6 rats for each
group|. The AUCs were higher at 6, 24 and 48 h, and
returned to baseline values one week after termination
of HIS compared with pre-HIS baseline for 40, 60 and
80 mmHg, with no significant difference between AUC
of EMG of different time points at 20 mmHg (P < 0.05,
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Figure 4 Heterotypic intermittent stress enhanced electromyographic activities in response to colorectal distention. Electromyographic (EMG) activities in
the external oblique muscle in response to graded colorectal distention (CRD) were measured before stress and 6 h, 24 h, 48 h and 7 d after termination of hetero-
typic intermittent stress (HIS). The magnitude of EMG activity was expressed as area under curve (AUC). A: Examples of EMG activities recorded from baseline (Pre),
6h,24h,48 hand 7 d after termination of HIS in rats responding to distention pressures of 20 mmHg, 40 mmHg and 80 mmHg; B: Bar graph shows the changes in
average of AUC before and after HIS protocol. There was no significant difference between EMGs of different time points at 20 mmHg. The magnitude of EMG activ-
ity of 6 h, 24 h and 48 h was significantly larger than that of Pre at distention pressures of 40 mmHg, 60 mmHg and 80 mmHg (Tukey post hoc test following two-way
repeated measures analysis of variance, n = 6 rats for each group; *P < 0.05 vs Pre).

Tukey post hoc test following two-way repeated measures
ANOVA, Figure 4A and B).

EA treatment suppressed visceral hypersensitivity in
HIS rats

To determine whether EA suppressed visceral hypersen-
sitivity induced by HIS, AWR scores and AUCs of EMG
recordings after EA treatment were compared with
those after sham EA treatment. To define the specificity
of EA-mediated analgesic effect in rats, we also exam-
ined EA effect on age-matched healthy rats (controls).
Since AWR scores returned to the baseline level 48 h
and EMG data returned to baseline level one week after
termination of last stressor (Figures 3A and 4B), EA at
acupoints ST-36 (Figure 2) was applied to control and
HIS rats for 30 min within 48 h after termination of last
stressor. For sham EA group, the needle set was inserted
into the ST-306, but no electrical stimulation was applied.
AWR scores and EMG activities were recorded immedi-
ately after termination of EA. Both distention stress and
EA treatment affected AWRs (7 = 8 rats for each group,
two-way repeated measures ANOVA: under 20 mmHg,
stress effect, P < 0.001; EA treatment effect, P < 0.01;
under 40 mmHg, stress effect, P < 0.001; EA treatment
effect, P < 0.05), with significant stress X EA treatment
interaction for 20 mmHg and 40 mmHg pressures (P
< 0.05 for 20 mmHg and 40 mmHg). HIS sham group
showed a significant increase in AWR scores compared
with control sham group under 20 mmHg and 40 mmHg
distention pressures (HIS sham ss control sham, for 20
mmHg: 2 + 0.2 »5 0.6 £ 0.1; for 40 mmHg, 2.6 = 0.2 ps
1.4 £ 0.2; P < 0.05, Tukey post hoc test following two-way
repeated measures ANOVA), while there was no signifi-
cant difference in AWR scores between control and HIS
groups after EA treatment. EA treatment at ST-36 point
significantly decreased AWR scores in HIS rats (sham
EA »s EA, AWRs at 20 mmHg: 2.0 £ 0.2 s 0.7 £ 0.1; at
40 mmHg: 2.6 £ 0.2 »s 1.5 £ 0.2; at 60 mmHg: 3.1 £ 0.2
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v5 1.9 £ 0.1; at 80 mmHg: 3.6 £ 0.1 »s 2.4 + 0.2; P < 0.05,
Tukey post hoc test following two-way repeated measures
ANOVA, Figure 5A), but had no effect on control rats
under 20 mmHg and 40 mmHg pressures. Under 60
mmHg and 80 mmHg pressures, stress X EA treatment
interaction was not significant (# = 8 rats for each group,
two-way repeated measures ANOVA); EA treatment
significantly decreased AWR scores in both control and
HIS rats under 60 mmHg and 80 mmHg pressures (P <
0.05, EA effect, two-way repeated measures ANOVA,
Figure 5A).

To further confirm the EA effect on stressed rats,
EMGs were performed before and after EA or sham EA
treatment (Figure 5B and C). Both distention pressure
and EA treatment affected AUCs of HIS rats significant-
ly (7 = 6 rats for each group, two-way repeated measures
ANOVA: pressure effect, P < 0.001; EA treatment ef-
fect, P < 0.05), with significant pressure X EA treatment
interaction (P < 0.001). Rats that received EA treatment
showed a significant decrease in their AUCs compared to
rats that received sham EA under 40 mmHg, 60 mmHg
and 80 mmHg distention pressures 6 h after HIS (EMG
for sham EA »s EA, at 20 mmHg: 24 + 4.7 »5 13.8 £ 3.5;
EMG at 40 mmHg: 60.2 £ 6.6 »s 30 + 4.9, P = 0.00 523;
EMG at 60 mmHg: 83 £ 10 »s 39.8 + 5.9, P = 0.00 029;
EMG at 80 mmHg: 94.3 £ 10.8 »:49.6 £ 5.9, P = 0.00 021;
P < 0.05, Tukey post hoc test following two-way repeated
measures ANOVA, Figure 5B and C), without significant
effect under 20 mmHg pressute. This demonstrates that
EA suppressed visceral hypersensitivity, and is in agree-
ment with previous studies that EA treatment attenuated
chronic visceral hyperalgesia induced by neonatal colonic
injection of acetic acid™, Tt is of note that results from
EMG recordings at 20 mmHg were different from those
of AWR scores after EA treatment.

To exclude the non-specific effect of EA treatment,
EA was applied at Gao-Huang, Gao-Huang, an equiva-
lent to the human acupoint BL-43 (Figure 2), was
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Figure 5 Electroacupuncture treatment attenuated the abdominal with-
drawal reflex scores and electromyographic activities. Electroacupuncture
(EA) treatments were delivered for 30 min within 24 h after termination of last
stressor. For sham EA group, the needle set was inserted into the ST-36 but
no electrical stimulation was applied. A: The effects of stress exposure and EA
treatment on abdominal withdrawal reflex (AWR) scores. Heterotypic intermit-
tent stress (HIS) sham group showed a significant increase in AWR scores
compared to control sham group under 20 mmHg and 40 mmHg distention
pressures, while there was no significant difference in AWR scores between
control and HIS groups after EA treatment. EA treatment at ST-36 point sig-
nificantly decreased AWR scores in HIS rats, but had no effect on control rats
under 20 mmHg and 40 mmHg pressures [Tukey post hoc test following two-
way repeated measures analysis of variance (ANOVA)]. EA treatment signifi-
cantly decreased AWR scores in both control and HIS rats under 60 mmHg and
80 mmHg pressures (two-way repeated measures ANOVA, n = 8 rats for each
group; P < 0.05); B: Representative electromyographic (EMG) traces recorded
immediately after termination of EA (left) or sham EA (right); C: Bar graph show-
ing effects of EA treatment and sham EA on EMG recordings. The EMG was
significantly decreased by EA treatment at pressure of 40 mmHg, 60 mmHg
and 80 mmHg in stressed rats compared to sham EA groups (Tukey post hoc
test following two-way repeated measures ANOVA, n = 6 rats for each group;
°P < 0.05 vs HIS + sham group). CON: Control.
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Figure 6 Effect of electroacupuncture at Gao-Huang. Same electroacu-
puncture (EA) parameters as EA at ST-36 (Zu-San-Li) were used for BL-43
(Gao-Huang) treatment in heterotypic intermittent stress (HIS) rats. Although
the abdominal withdrawal reflexes (AWRs) to colorectal distention heavily de-
pend on the pressure level (two-way repeated measures analysis of variance,
pressure effect, P < 0.001), EA treatment at BL-43 point on HIS rats showed no
significant effect on pain perception; n = 7 rats for each group.

chosen as an irrelevant acupuncture point to the colon.
EA at BL-43 for 30 min did not produce any effect
on AWR scores in HIS rats [# = 7 rats for each group.
Two-way repeated measures ANOVA (EA treatment
effect, P > 0.05; pressure X EA interaction effect, P >
0.05), Figure 6].

NLX reversed EA-induced analgesic effects

To explore the possible involvement of endogenous
opioid system in EA-induced antihyperalgesia, we then
examined the effect of systemically injected NLX on
EA-induced analgesia. After the 9-d HIS protocol, rats
received intraperitoneal injection of 0.1 mg/kg of NLX
in 1 mL 30 min before the beginning of EA at ST-36
points. Equal volume of normal saline (NS) was used
as control. Immediately after EA termination, the AWR
scores to CRD were determined (Figure 7A). The AWR
scores from HIS rats pretreated with NS were 0.70 £
0.20, 1.50 £ 0.27, 2.00 = 0.15 and 2.60 £ 0.18 for 20
mmHg, 40 mmHg, 60 mmHg and 80 mmHg disten-
tion pressures, respectively. The AWR scores in HIS rats
pretreated with NLX were 2.0, 2.80 + 0.12, 3 and 3.60 *
0.18 for 20 mmHg, 40 mmHg, 60 mmHg and 80 mmHg
distention pressures, respectively. Pretreatment of NLX
significantly reduced the EA-induced suppression of
AWR scores of HIS rats under all distention pressures
when compared with NS group [# = 5 rats for each
group, Friedman ANOVA, NLX effect, P < 0.001; P <
0.05, Mann-Whitney test following Friedman ANOVA,
Figure 7A]. This indicates the involvement of endoge-
nous opioid system in mediating EA analgesic effects on
HIS-induced visceral hyperalgesia. To exclude the non-
specific effect of NLX, we further determined whether
NLX itself produced any effect on AWR scores in con-
trol rats without EA treatment (Figure 7B). The AWR
scores before 0.1 mg/kg of NLX in 1 mL treatment in
control rats were 1.00 = 0.16, 1.90 + 0.10, 2.50 £ 0.22
and 2.70 £ 0.20 for 20 mmHg, 40 mmHg, 60 mmHg
and 80 mmHg distention pressures, respectively. The
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Figure 7 Reversal of electroacupuncture-mediated analgesic effect by
naloxone. A: The opioid receptor antagonist, naloxone (NLX) (0.1 mg/kg body
weight, n = 5), or normal saline (NS) was administrated intraperitoneally 30 min
before electroacupuncture (EA) application. Abdominal withdrawal reflex (AWR)
scores were recorded immediately after EA termination in rats pretreated with
NLX or NS. Both pressure and NLX injection significantly affected the AWRs to
colorectal distention in rats [Friedman analysis of variance (ANOVA), P < 0.001
for pressure effect and for NLX injection effect]. Bar graph showed that NLX
(0.1 mg/kg body weight) completely blocked the EA-induced analgesic effect
when compared with NS treatment at all pressures (Mann-Whitney test follow-
ing Friedman ANOVA). n = 5 rats for each group. °P < 0.05 vs NS-EA group; B:
Same dose of NLX treatment did not produce any effect on AWR scores in con-
trol rats without EA treatment (Friedman ANOVA). AWRs were only significantly
affected by different pressure levels (P < 0.001). n = 5 rats for each group.
Control rats were not exposed to heterotypic intermittent stress (HIS).

AWR scores after 0.1 mg/kg of NLX in 1 mL treatment
were 1.10 = 0.19, 1.90 £ 0.24, 2.60 £ 0.24 and 2.80 % 0.20
for 20 mmHg, 40 mmHg, 60 mmHg and 80 mmHg dis-
tention pressures, respectively. This suggests that NLX
itself did not produce any effect on AWR scores in con-
trol rats (7 = 5 rats for each group, Friedman ANOVA,
NLX effect, P > 0.05). Similarly, we did not observe any
effect of NLX on AWR scotes in HIS rats without EA
treatment (data not shown). These data suggest that the
inhibitory effect of NLX on visceral analgesia is associ-
ated with EA treatment.

m-NLX inhibited EA-induced analgesic effects

To further determine whether peripheral opioid system is
involved in the EA-induced analgesic effect, m-NLX was
administrated prior to EA treatment. m-NLX is an opioid
receptor antagonist that can not cross the blood-brain
barrier, thereby only acting at peripheral nervous system.
After the 9-d HIS protocol, rats received intraperitoneal
injections of 1 mg/kg of m-NLX in 1 mL 30 min before
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Figure 8 Reversal of electroacupuncture-mediated analgesic effect by
naloxone methiodide. The opioid receptor antagonist, naloxone methiodide
(m-NLX), or normal saline (NS) was administrated intraperitoneally (5 mg/kg
body weight) 30 min before electroacupuncture (EA) application. Electromyo-
graphic (EMG) activities were recorded immediately after EA from rats pretreat-
ed with m-NLX and NS. A: Examples of EA effects on EMG activities pretreated
with NS (top) or m-NLX (bottom); B: Bar graph showing that m-NLX completely
blocked the EA-induced analgesic effect. The magnitude of EMG activity was
significantly increased by m-NLX treatment at pressure of 40 mmHg, 60 mmHg
and 80 mmHg (Tukey post hoc test following two-way repeated measures
analysis of variance, n = 6 rats for each group; P < 0.05 vs EA + NS group).

the beginning of EA at ST-36 points. Equal volume of
NS was used as control. EMG recordings were measured
immediately after EA termination. The AUCs of EMG
activities from HIS rats pretreated with NS were 13.33
T 3.88, 36.28 £ 8.01, 50.19 £ 8.28 and 56.42 + 8.43 for
20 mmHg, 40 mmHg, 60 mmHg and 80 mmHg disten-
tion pressures, respectively. The AUCs of EMG activities
in HIS rats pretreated with m-NLX were 30.84 £ 4.39,
74.16 £ 9.04, 96.45 £ 11.80 and 111.59 *+ 13.79 for 20
mmHg, 40 mmHg, 60 mmHg and 80 mmHg distention
pressutes, respectively. Pretreatment of m-NLX (1 mg/
kg, i.p.) significantly reduced the analgesic effects induced
by EA in a pressure-dependent manner (# = 6 rats for
each group, two-way repeated measures ANOVA, NLX
effect, P < 0.01; pressure X NLX interaction, P < 0.01).
The effect of pretreatment of m-NLX was significant
under 40 mmHg, 60 mmHg and 80 mmHg, but not
under 20 mmHg (P < 0.001, Tukey post hoc test follow-
ing two-way repeated measures ANOVA, Figure 8). To
further determine the specificity of m-NLX, a low dose
of m-NLX (0.1 mg/kg) was injected intraperitoneally.
Pretreatment with a low dose of m-NLX did not affect
the EA-induced suppression of EMG activities in HIS
rats (data not shown). In addition, systemic injection of
m-NLX (1 mg/kg, 7p.) did not produce any effect on the
AUCs of EMG activities in normal or HIS rats without
EA treatment (data not shown). These data suggest that
EA may affect the peripheral opioid system to induce an-
algesia in HIS rats.
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DISCUSSION

The present study examined the mechanisms involved in
EA-induced analgesia in a rat model of visceral hypet-
sensitivity induced by HIS. EA treatment significantly
reduced AWR scores (Figure 5A) and suppressed EMG
responses (Figure 5C) to colorectal distention in the
stressed rats, but not in non-stressed rats, at the pressures
of 20 mmHg and 40 mmHg, indicating that EA had an
analgesic effect in this model. Although EA has been
used clinically for alleviation of various types of pain®**,
there is no enough scientific validation for the use of EA
in visceral pain. Together with our previous report that
EA attenuated visceral pain induced by neonatal acetic
acid infusion™, we have provided additional evidence for
EA treatment for visceral pain in different models.
Acupuncture is being increasingly accepted by prac-
titioners and patients, especially during the last three
decades. EA is a modification of this technique that
stimulates acupoints (or called acupuncture points) with
electrical current instead of manual manipulations. The
EA procedures may stimulate the somatic afferent nerves
innervating the skin and muscles of the body, which was
different from transcutaneous electrical nerve stimulation
(TENS). EA typically involves penetration of the skin
by fine, solid metallic needles, which are manipulated by
electrical stimulation. TENS is a treatment that has been
shown to be effective for pain relief in a variety of condi-
tions. Electrodes for TENS are placed on the skin. Elec-
tric current applied at different pulse rates (frequencies)
and intensities is used to stimulate these areas so as to
provide pain relief. In this study, we focused on the EA-
mediated effect in stressed animal models. We showed
that EA at ST-30, but not at BL-43, significantly sup-
pressed the visceral motor responses to CRD (Figure 6).
Koo et a/*" reported that ankle sprain pain was relieved
by EA at SI-6, but not at nearby LI-4. More recently, they
reported that EA-induced analgesic effects in capsaicin-
induced hyperalgesia are produced only by stimulation at
SI-3/TE-8 of the forelimb, but not at neatby points (LI-3/
LI-6) ot several other points (GB-30/GB34, BL-40/BL-60,
GV-2/GV-6)™. Kim ez a/” demonstrated that acupunc-
ture at HT-7, but not at nearby point TE-8, inhibited do-
pamine release in the nucleus accumbens and suppressed
behavioral hyperactivity in the morphine addiction mod-
el, thus suggesting the acupoint-specificity. However, the
acupoint specificity of EA effect in visceral pain remains
unknown. In the present study, two acupoints, ST-36 and
BL-43, wete selected. The acupoint ST-36 has been used
empirically for the treatment of gastrointestinal diseases
for many years, while acupoint BL.-43 is not thought to
be related to the GI tract (Figure 2). EA at ST-36, but
not at BL-43, significantly suppressed the visceral motor
responses to CRD (Figure 6), suggesting that the EA ef-
fect is not a non-specific effect and it may be associated
with acupoint and its related afferent fibers. This find-
ing is consistent with a previous study which found that
EA at ST-306, but not at BL-21, significantly reduced the
increase in mean atterial blood pressure in response to
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rectal distension in dogsm. Since the parameter used for
EA treatment at BIL-43 is the same as at ST-30, further
experiments are needed to investigate whether different
stimulation parameters used to stimulate BL.-43 produce
the analgesic effect in this model. In addition, it is worth
noting that our results showed that EA produced a sig-
nificant analgesic effect only on the HIS-induced visceral
hyperalgesia, but not on the age-matched healthy rats,
at the distention pressures of 20 mmHg and 40 mmHg
(Figure 5A). This further indicates that EA-produced an-
algesic effect is not a non-specific effect and that it may
be disease-related under low stimulation intensity. The
reason why EA did not produce inhibitory effect under
low distention pressure remains unknown. It is most
likely that low distention pressure produced the low re-
sponses that are not sensitive to EA treatment. However,
there has been a certain degree of skepticism about acu-
point and disease specificity. There was no statistical dif-
ference between acupoint and nonacupoint acupuncture
in an experimental human pain model, thus suggesting
no acupoint specificity. Rong e a/*"' reported that manual
acupuncture at ST-36 produced anti-nociceptive effect
on CRD in healthy rats. This discrepancy may be due to
the application of different methods of acupuncture and
distention pressure as well. Therefore, the acupoint and
disease specificity of EA treatment is still a controversial
issue and is a subject of further study of pain.

EA analgesic effect in various conditions may be
mediated by different mechanisms. These include opioid
and non-opioid mechanisms” Y. The involvement of
the endogenous opioid system is a well-established hy-
pothesis for explanation of EA effects. The involvement
of non-opioid mechanisms in EA analgesia was con-
firmed by experiments in which administration of 5-HT
or catecholamine or adrenoceptor antagonists or deple-
tion of cellular monoamine content blocked the EA-in-
duced analgesic effect™. It appears that the underlying
mechanisms of EA analgesic effect in various conditions
may depend on the specific conditions™. In this study,
the systemic application of opioid receptor antagonist
NLX completely blocked the EA-mediated analgesic ef-
fects, indicating that endogenous opioid pathways were
involved in EA-mediated analgesia in the rat model of
visceral pain. This was consistent with the reports of dif-
ferent animal models of visceral pain[zz’w. In the present
study, we focused on the role of opioid system because
previous studies indicate that opioid system was sensitive
to environmental factors, and changes in its expression
attenuated the pain sensitivity in different models™”*,
However, we cannot rule out that other systems may
also be affected by EA treatment. The net result of reg-
ulatory changes in cell signaling proteins induced by EA,
however, is to attenuate visceral hypersensitivity.

The processing of pain information occurs at central
(spinal and supraspinal) and peripheral sites, and thus
modification of pain levels can be achieved through in-
terventions at multiple sites. Although the exact locations
where EA modifies pain are not clearly identified, EA is
thought to activate the ascending sensory pathways such
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as spinal dorsal horn and thalamus, or the descending
pain inhibitory mechanisms, such as opioid, adrenergic
and serotonergic pathways. Most of previous studies have
resolved only the central mechanism of EA analgesia,
and only a few reports have investigated the peripheral
mechanism of EA effect. Somatic inputs (i.e., EA-activat-
ed input) and noxious visceral signals (i.e., CRD) might
converge and interact in the neurons at spinal dorsal horn
level. Their interactions were manifested as that when the
cutaneous stimuli were applied, the neuronal response to
CRD was reduced in most cases”. Kim ez @/ showed
that EA suppresses capsaicin-induced secondary hyper-
algesia through an endogenous spinal opioid mechanism,
thus indicating EA modulation of pain through a central,
but not peripheral, mechanism. The anti-nociceptive effect
of EA at ST-36 was abolished by pretreatment with NLX
but not by m-NLX by observation of mean arterial blood
pressure in response to rectal distension in dogsm. These
results suggest that EA at ST-36 may reduce visceral pain
via central opioid pathway. In this study, we demonstrated
that EA-mediated analgesia was completely blocked by
m-NLX. m-NLX is unable to cross the blood-brain bar-
rier and blocks only peripheral opioid receptors™™*¥ thus
indicating that EA analgesia is likely mediated by peripher-
al opioid receptors. Recent studies showed that peripheral
opioid receptors were activated by EA at the inflamma-
tory site on the CFA model™. NMDA receptor expres-
sion in primary sensory neurons is inhibited by EA,
suggesting the peripheral effect of EA analgesia. Again,
this discrepancy points out the fact that EA-mediated an-
algesic effect may be disease and/or organ-specific. Since
previous studies have shown that stimulation frequencies
of EA determine the types of opioid peptides released in
the nervous system" ", further experiments are needed to
explore which subtypes of opioid receptors are involved
in mediating EA antihyperalgesic effects and to identify
the location from which the opioids are released, e.g, the
petipheral nerve terminals »s immunocytes, the mucosa/
submucosa »s muscle layer of the colon.

In conclusion, together with our previous reportm],
the present study demonstrated that EA treatment given
at classical acupoint ST-36 produces an analgesic ef-
fect on visceral hyperalgesia in a rat model of IBS. The
EA effect is mediated by endogenous opioid pathways,
possibly at peripheral sites, thus providing scientific evi-
dence for the treatment of visceral pain in functional
gastrointestinal disorders using EA.

COMMENTS

Background

Irritable bowel syndrome (IBS) is a common gastrointestinal disorder charac-
terized by chronic visceral pain and bloating in association with altered bowel
movements. Acupuncture is an ancient form of traditional Chinese medicine
that has been used to treat diseases. Recently, acupuncture needles are stimu-
lated by electricity at various frequencies, which is termed electroacupuncture
(EA). However, the mechanism underlying EA-induced analgesia in visceral
pain remains unknown.

Research frontiers
The present study used EA to treat visceral hypersensitivity of rats which was
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induced by a heterotypic intermittent stress (HIS) protocol. EA at acupoint Zu-
San-Li significantly decreased visceral hypersensitivity of rats. EA-mediated
analgesic effect was completely reversed by administration of naloxone (NLX)
methiodide, a peripherally restricted opioid antagonist. The mechanism underly-
ing the effect of EA on visceral hypersensitivity of rats induced by HIS which is
a rat model of IBS appears to involve the mediation of peripheral opioid system.

Innovations and breakthroughs

This is the first study to indicate that EA treatment produces an analgesic effect
on visceral hyperalgesia in a rat model of IBS induced by heterotypical intermit-
tent stress. The EA effect is mediated by endogenous opioid pathways, possibly
at peripheral sites.

Applications

The present study demonstrated that EA treatment produces an analgesic ef-
fect on visceral hyperalgesia in a rat model of IBS. The EA effect is mediated
by endogenous opioid pathways, possibly at peripheral sites, thus providing
scientific evidence for the treatment of visceral pain in functional gastrointestinal
disorders using EA.

Terminology

IBS is a common gastrointestinal disorder characterized by chronic visceral
pain and bloating in association with altered bowel movements. EA, acupunc-
ture needles are stimulated by electricity at various frequencies (1-100 Hz); this
method is developed from acupuncture, an ancient form of traditional Chinese
medicine. NLX methiodide, a selectively peripherally acting opioid receptor an-
tagonist.

Peer review

This paper describes positive effects of EA on responses to bowel extension in
stressed rats. It is reported that EA diminished the number of pellets produced,
the subjectively scored abdominal reflexes and the power of the electromyogra-
phy of the abdominal muscles in response to colon extension, in stressed rats
compared to control rats. Moreover, the effect of EA was antagonized by both
a central and peripheral acting opiate antagonist. The effects presented are
significant, and the antagonizing effect with NLX was convincing. The results
presented are important for clinicians and for the fundamental scientific com-
munity as well.
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