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Abstract

AIM: To observe the analgesic effects of moxibustion in
rats with chronic visceral hyperalgesia and its influence
on the concentration of dynorphin (Dyn) and endomor-
phin (EM) in spinal cord.

METHODS: The rat model of chronic visceral hyperal-
gesia was established by colorectal distention (CRD). In
moxibustion (MX) group, moxibustion was applied once
daily for 7 d; in sham moxibustion (SM) group, moxibus-
tion was given to the same acupoints but with the non-
smoldered end of the moxa stick. Model control (MC)
group and normal control group were also studied. The
scoring system of abdominal withdrawal reflex was used
to evaluate visceral pain for behavioral assessment.
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Enzyme linked immunosorbent assay was performed to
determine the concentrations of Dyn and EM in spinal
cord.

RESULTS: Moxibustion significantly decreased visceral
pain to CRD in this rat model, and no significant differ-
ence was detected between the SM group and the MC
group. In MX group, moxibustion also increased the
concentrations of Dyn and EM in spinal cord, and no
significant difference was found between the SM group
and the MC group.

CONCLUSION: Moxibustion therapy can significantly
enhance the pain threshold of rats with chronic visceral
hyperalgesia, and the effect may be closely related to
the increased concentration of Dyn and EM in spinal
cord.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Acupuncture-Moxibustion is an ancient therapy with a
history of 3000 years in China, and it has spread to more
than 160 countries for its good effects in management
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of pain, nausea induced by radiotherapy/chemotherapy,
vomiting, erc!'!. Many studies have proved the analgesic
effect of acupuncture from the view point of neuro-
physiology, neurochemistry, molecular biology, and brain
functional irnaging[w. As a twin therapy of acupuncture,
moxibustion has shown its effects in treatment of irritable
bowel syndrome (IBS)", ulcerative colitis®, Crohn’s dis-
case” and chronic/acute gastritis[m], especially in alleviat-
ing visceral pain. Some studies believed that acupuncture
could relieve pain by increasing the concentration or ex-
pression of dynorphin (Dyn) and endomorphin (EM) in
spinal cord"™"?. Tt has been reported that visceral sensory
nerves are closely associated with the spinal cord frag-
ments" ¥, so that moxibustion might achieve its analgesic
effect in treating visceral pain by modulating the concen-
trations of Dyn and EM in the spinal cord fragments.

Our previous studies have revealed the analgesic ef-
fects of moxibustion in reducing abdominal pain in IBS
pzltients“5J and IBS rat models"*"". However, the analgesic
mechanism of moxibustion has not been cleatly elucidat-
ed. In this study, a rat model of chronic visceral hyperal-
gesia was established by colorectal distention (CRD), and
abdominal withdrawal reflex (AWR) scoring system was
adopted for behavioral assessment in the evaluation of
visceral pain after moxibustion intervention. The analgesic
effect of moxibustion and increase of the concentration
of Dyn and EM in spinal cord were demonstrated, which
partially explained the mechanism of the analgesic effect
of moxibustion in management of visceral pain.

MATERIALS AND METHODS

Animals

Male Sprague-Dawley rats (5 d old) were obtained from
the Experimental Animal Center of Shanghai Univer-
sity of Traditional Chinese Medicine (TCM). They were
maintained in a plastic cage containing corn chip bed-
ding with controlled temperature (22 * 2°C), 60% £ 5%
humidity and light-dark cycle (12:12 h) with a maximum
of five rats per cage. Studies were performed in accor-
dance with the proposals of the Committee for Research
and Ethical Issues of the Council for International Ot-
ganizations of Medical Sciences and approved by the
Committee on the Use of Human and Animal Subjects
in Teaching and Research, Shanghai University of TCM.

Study design

Neonatal rats were given daily mechanical colon distention
beginning 8-21 d after their birth. After the distention was
finished, the rats were kept until they reached adulthood
(at least 6 wk old), and then experiments were conducted
using behavioral test for visceral pain by acute CRD
stimulus. Moxibustion (MX) group (# = 10): moxibustion
was given to the acupoints of bilateral Tianshu (ST 25)
and Shangjuxu (ST 37) using fine moxibustion stick with
the smoldered end 2 cm away from the acupoints, once
daily, 10 min each time, 7 times in total (Figure 1A). Sham
moxibustion (SM) group (# = 10): intervention was given

to bilateral Tianshu (ST 25) and Shangjuxu (ST 37) points
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Figure 1 Moxibustion (A) and sham moxibustion (B).
Score
0 No behavioral response to colorectal distention
1 Immobile during colorectal distention and occasionally clicked
the head at the onset of the stimulus
2 A mild contraction of abdominal muscles, but not lifting the
abdomen off the platform
8 A strong contraction of the abdominal muscles and lifting the
abdomen off the platform, not lifting the pelvic structure off
the platform
4 Arching body and lifting the pelvic structure and scrotum

using fine moxibustion stick with the non-smoldered end
2 c¢m away from the acupoints, once daily, 10 min each
time, 7 times in total (Figure 1B). Normal control (NC)
group (7 = 10) and model control (MC) group (# = 10):
received no treatment except for constraining. After seven
treatments, AWR was performed within 90 min, and a
segment of spinal cord (L+-S1) was harvested and Dyn/
EM concentration in spinal cord tissue was detected by
enzyme linked immunosorbent assay (ELISA) (Figure 2).

Neonatal CRD irritation

Neonatal rats received CRD daily (the procedure was modi-
fied from previous reports ', Mainly, balloon (constructed
from a condom; length: 20.0 mm; diameter: 3.0 mm) was
inserted rectally into the descending colon. The balloon
was distended with 0.5 mL air for 1 min and then deflated
and withdrawn. The distention was repeated twice daily at

a 30-min interval.

AWR scores

The AWR was assessed within 90 min after intervention
using CRD based on semi-quantitative analysis. Prior to
CRD, the rats were gently touched around anus for acti-
vating defecation. When the balloon was inserted into the
descending colon, CRD was produced by rapidly inflating
the balloon at strengths of 20, 40, 60, and 80 mmHg for a
period of 20 s. Each score was tested three times, and each
rat was tested by two people who were not involved in this
research. There was a 3-min intervals between the two tests
to allow the rats to adapt. The scoring criteria of AWR
were referred to the method of Al-Chaer ¢z 2/ (Table 1).
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Figure 2 Experimental protocol of the study. *Abdominal withdrawal reflex sores after seven treatments.

ELISA for Dyn and EM
The dissected spinal cord tissue (Is+-St) was homogenized and
weighed (10%), centrifuged for 30 min at 4°C, 4000 t/min.
The supernatant was separated for assessment, and 100 pL.
standards and 100 pL dilution were mixed with 100 pL
biotin, respectively. After incubation for 20 min at 20-25°C,
100 pL horse radish peroxidase was added. Followed by
another 20 min of incubation at 20-25°C, 100 uL 3,3’,5,5-
Tetramethylbenzidine substrate was added. Then 100 pL
stop solution was put in after 20 min of incubation at
20-25°C. Calibration curve was drawn with OD wvalue as
the Y-coordinate and sample concentration as the X-cooz-
dinate. The concentration could be read according to the
corresponding OD value. Rat Dyn and EM ELISA kits
(THERMO MULTISKAN-MK3) wetre obtained from
Finland.

Dyn in spinal cord (ng/L) = concentration X dilution
times of the sample.

EM in spinal cord (ng/L) = concentration X dilution
times of the sample.

Statistical analysis

The statistical analysis was done using SPSS 10.0 (SPSS
Inc., USA). All data were expressed as mean + SE for
normally distributed continuous variables and as median
(QL-QU) for abnormal variables. The differences in the
mean values of the AWR score among the four groups
(groups NC, MC, MX and SM) at each pressure of CRD
were compared using the one-way analysis of variance
(ANOVA, P < 0.05 as significant in differences). The
differences in the median values of the concentration
of Dyn and EM among the four groups were compared
using the Kruskal-Wallis one-way analysis of variance
on ranks. If the Kruskal-Wallis test result was significant
(P < 0.05), we performed pairwise comparisons using a
Wilcoxon rank sum test with a Bonferroni correction at
0.05/4 to cotrect for multiple comparisons. P value of <
0.05/4 was considered significant in differences.

RESULTS

Analgesic effects of moxibustion on chronic visceral
hyperalgesia

At different levels of CRD stimuli (20, 40, 60 and 80 mmHg),
the AWR scores in the MC group were significantly higher
than in the NC group (P < 0.01); the AWR scores of MX
group were significantly lower than that of the MC group
(P < 0.01). There was no significant difference in the
AWR scores between the MC group and SM group. This
indicated that moxibustion treatment had a beneficial ef-
fect in chronic visceral hyperalgesia (Figure 3).
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Figure 3 Analgesic effects of moxibustion on chronic visceral hyperalgesia.
°P < 0.01 vs normal control (NC); P < 0.01 vs model control (MC). AWR: Abdomi-
nal withdrawal reflex; MX: Moxibustion; SM: Sham moxibustion; CRD: Colorectal
distention.

Influence of moxibustion in the Dyn concentration in
spinal cord

The statistical analysis for the concentration of Dyn in
spinal cord demonstrated a significant difference among the
four groups, F' = 25.172, P = 0.000. The concentration of
MC group was significantly lower than that of NC group (P
< 0.01). Compared with the MC group, the concentration
of Dyn was significantly higher in the MX group (P < 0.01).
No significant difference was detected in Dyn concentration
between MC group and SM group (Figure 4A).

Influence of moxibustion on the EM concentration in
spinal cord

Statistical analysis for the concentration of EM in spinal
cord demonstrated a significant difference among the
four groups, F' = 43.370, P = 0.000. The concentration
of MC group was significantly lower than that of NC
group (P < 0.01). Compared with the MC group, the
concentration of EM was significantly higher in the MX
group (P < 0.01). No significant difference was detected
in the EM concentration between the MC group and SM

group (Figure 4B).

DISCUSSION

Visceral pain is commonly encountered by patients with
functional intestinal disorders, leading to a miserable life
and financial burden of the patients. Mertz e# al”” hold
that the alterations of rectal sensitivity could be a biologi-
cal indicator of IBS as IBS is featured by chronic abdomi-
nal pain. Alleviating abdominal pain is considered to be
the main target in the management of IBS.

Moxibustion has been adopted as an analgesic method
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Figure 4 Influence of moxibustion on the concentration of dynorphin (A)
and endomorphin (B) in spinal cord. "P < 0.01 vs normal control (NC); °P< 0.01
vs model control (MC). MX: Moxibustion; SM: Sham moxibustion.

for thousands of years in China, and is still frequently
used in the present clinical practice. Many researches have
shown its analgesic effect in treatment of primary dys-
menorrhea®™, knee osteoarthritis™, rheumatoid arthritis™
and cancer painmj. Our previous studies also revealed that
moxibustion could alleviate abdominal pain induced by
BS!7, Although moxibustion has been practiced for
thousand years, it is still difficult to establish its biological
basis.

In the present study, CRD was adopted to establish a
rat model of visceral hyperalgesia, and AWR was used for
the behavioral assessment. The results showed that the
AWR scores in the MC group were significantly higher
than in the NC group at various CRD pressure levels (20,
40, 60 and 80 mmHg). Compared with the MC group, a
marked reduction in AWR score was detected in the MX
group (P < 0.01), and no significant difference was found
in comparison with the SM group. It indicates that moxi-
bustion has analgesic effects in management of visceral
hyperalgesia, which is consistent with the results of our
previous studies"*"". According to the previous studies
adopting the same visceral pain model, herb-partitioned
moxibustion could significantly inhibit the increase of
AWR score and pain threshold induced by CRD. It has
been also found that moxibustion could lower the expres-
sion of 5-HT in colon and modulate the expression of
5-HT in spinal cord, indicating a possible relationship be-
tween analgesic effect of moxibustion and central nervous
system. Rats could keep quiet during the intervention of
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moxibustion, suggesting that modulating 5-HT was not
the only way to reduce visceral hypersensitivity, some
endogenous analgesic substances could also play a role in
the process.

The analgesic effect of acupuncture has been widely
accepted, especially in the study on chronic pain[zs]. The
endogenous opioid peptides (EOP) have been considered
as important fundamental substances in acupuncture an-
algesia. According to Han JSienl electro-acupuncture
could activate the generation of EOP in spinal cord, such
as orphanin, enkephalin, endomorphin, endorphin, and
dynorphin.

The present study showed that the concentrations of
Dyn and EM in spinal cord of the MC group were sig-
nificantly lower than that of the NC group (P < 0.01).
Compared with the MC group, the concentrations were
significantly higher in the MX group (P < 0.01), and no
significant difference was found from the SM group. It
suggests that moxibustion could enhance the concentra-
tions of Dyn and EM in spinal cord. Moxibustion may
achieve its analgesic effect through multiple pathways and
levels. Spinal cord may be the primary integrating center
of moxibustion signal, increasing the concentrations of
Dyn and EM in spinal cord, inducing a fragmental inhibi-
tion (including post-synaptic inhibition and pre-synaptic
inhibition), and then blocking the further transmission of
pain signal.

It has been shown that midbrain periaqueductal gray
descending inhibitory system includes at least three trans-
mitters: EOP, 5-HT and NA. Our findings indicate that
moxibustion stimulation accelerates the synthesis and
release of central EOP endorphin (dynorphin and endo-
morphin) and other neurotransmitters (5-HT) in the spi-
nal dorsal horn neurons or nociceptive primary afferents,
exerting analgesic effects.

In a word, moxibustion can significantly reduce AWR
score and enhance the pain threshold of rats with chronic
visceral hyperalgesia, and the analgesic effect may be
closely related to the increased concentrations of Dyn and
EM in spinal cord.

COMMENTS

Background

Previous studies into the mechanism of acupuncture analgesia have focused on
the dynorphin (Dyn) and endomorphin (EM) in spinal cord. Whether analgesic
effect of moxibustion is related to Dyn and EM in spinal cord remains unknown. In
the previous studies, the authors have demonstrated the analgesic effect of moxi-
bustion in reducing abdominal pain in irritable bowel syndrome (IBS) rats. How-
ever, the analgesic mechanism of moxibustion has not been clearly elucidated.
Research frontiers

More and more data have shown that the analgesic effect of moxibustion is
closely related to the spinal cord fragments, which has become a hot spot of
study.

Innovations and breakthroughs

Moxibustion is found effective against visceral pain. Moxibustion therapy exerts
its effect on IBS by increasing the concentration of Dyn and EM in spinal cord
Applications

The experimental data can be used in further studies on moxibustion therapy
for visceral pain.
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This is a good experimental investigation in which authors evaluate the effect
of moxibustion, a Traditional Chinese Medicine, and possible involvement of
endogenous dynorphin and endomorphin in the spinal cord in rats.
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