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Abstract

AIM: To investigate the effects of moxibustion on the
morphology and function of mast cells (MC) at Tians-
hu (ST25) in rats with trinitro-benzene-sulfonic acid
(TNBS)-induced colitis.

METHODS: A total of 53 male Sprague-Dawley rats
were randomly divided into a normal group and experi-
mental group. In the experimental group, a rat model
of TNBS-induced colitis was established, and the rats
were then randomly divided into a model group, moxi-
bustion group, moxibustion plus disodium cromoglycate
(M + DC) group and moxibustion plus normal saline (M
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+ NS) group. Rats in the moxibustion group received
suspended moxibustion at bilateral ST25 for 10 min,
once a day for 7 d. Rats in the M + DC and M + NS
groups were pretreated with disodium cromoglycate
and normal saline at bilateral ST25, respectively, and
were then concurrently subjected to the same treat-
ment as rats in the moxibustion group. The hematoxy-
lin-eosin staining method was used to observe histology
of the colon and the toluidine blue-improved method
was used to observe mast cells at ST25 acupoint areas.

RESULTS: An improvement in colonic injury in the
moxibustion group was observed and the degranula-
tion ratio of MC at ST25 acupoint was markedly higher
in the moxibustion group than in the model group
(45.91 £+ 11.41 vs 32.58 + 8.28, P < 0.05). After inhi-
bition of degranulation of MC at ST25 by disodium cro-
moglycate, no improvement in colon tissue injury was
observed.

CONCLUSION: Moxibustion exerted its effect on heal-
ing impaired colonic mucosa in rats with TNBS-induced
colitis by increasing the degranulation ratio of local MC,
but had little effect on the morphology of MC at ST25
acupoint.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Acupuncture, one of the alternative or complementary
therapies, is receiving increasing acceptance in Western
medicine for the treatment of certain medical condi-
tions!
by moxa combustion at acupoint areas, is one of the

I Moxibustion, involving warm stimulation

acupuncture-moxibustion therapies for treating certain
disorders in the clinic” ", Tt was shown that the effective
mechanism of acupuncture stimulation is closely related
to the activation of mast cells (MC) at acupoint areas'
Acupoints have complex structures and are composed of
nerve endings, plexuses, blood vessels, lymphatic vessels
and connective tissues . Howevet, the correlation be-
tween the effect of moxibustion and the response of MC
at acupoint areas is still unclear and merits further study.

MC are common effector cells and are widespread
in connective tissues, especially in subcutaneous and
submucosal loose connective tissues. MC act in several
ways including changes in degranulation and the release
of various bioactive mediators [5-hydroxytryptamine
(5-HT), P substance (SP), heparin, and leukotriene]>"".,
It was reported that acupuncture stimulation mark-
edly increased the density of local MC and activated
MC degranulation at needle acupoints, which led to
downstream effects in activating certain cellular path-
ways' ', Pretreating the acupuncture point with diso-
dium cromoglycate not only counteracted degranulation,
it also reduced the effect of acupuncture'”,

Previous studies by our research team have indicated
that moxibustion has a beneficial effect on inflammatory
bowel disease (IBD)"™"". Moreover, we found that moxi-
bustion at ST25 can heal impaired colonic mucosa in a
rat model of colitis created by an immunological method
associated with local stimulation. ST25 is the primary
large intestinal meridian point of hand Yangming, which
regulates the function of the large intestine, spleen, and
stomach. ST25 is an efficacious point in the clinical
treatment of patients with IBD.

In this study, we established a colitis rat model in-
duced by trinitro-benzene-sulfonic acid (TNBS). The
hematoxylin-eosin staining method was adopted for
histological assessment of colonic mucosal injuries af-
ter moxibustion intervention and the toluidine blue-
improved method was used to observe morphology and
degranulation of MC at ST25 acupoint areas.

MATERIALS AND METHODS

Animals

Fifty-three male Sprague-Dawley rats (SPF class), weigh-
ing 100-140 g, were supplied by the Experimental
Animal Center of Shanghai University of Traditional
Chinese Medicine (TCM), and randomly divided into a
normal group (# = 11) and an experimental group (z =
42). All rats were housed at a constant temperature and
humidity with free access to food and water. All studies
were performed in accordance with the proposals of the
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Committee for Research and Ethical Issues of the Inter-
national Association and approved by the Committee on
the Use of Human and Animal Subjects in Teaching and
Research, Shanghai University of TCM.

Establishment of the colitis rat model

An experimental colitis rat model was established ac-
cording to the TNBS-induced method reported by
Morris™. After weighing and administering anesthesia
(1% sodium pentobarbital; i.p., 45 mg/kg), the 42 ex-
perimental rats were injected with TNBS/ethanol (100
mg/kg TNBS + 50% ethanol 0.25 mL) into the anus zia
a rubber tube; the solution was retained in the gut cav-
ity at a depth of 6 cm-8 cm. Rats in the normal control
group were given an enema with 0.9% NaCl of the same
volume as given to the experimental rats. The rats were
subsequently held upside down before removing the en-
ema apparatus, and were kept in this position for 1 min
to prevent the solution from flowing out.

After colitis was induced, one rat from the normal
group and two rats from the model group were dissected to
remove colon tissue. The tissue was stained with hematoxy-
lin-eosin to confirm the establishment of the experimental
colitis model. The remaining rats in the experimental group
were then randomly divided into four groups: a model
group, moxibustion group, moxibustion plus pretreated
disodium cromoglycate (M + DC) group and moxibustion
plus pretreated normal saline (M + NS) group.

Treatment

Location of ST25 acupoints in the rats were based on
an anatomic method referenced in the “Map of Animal
Acupoints” from Shi Yan Zhen Jiu Xue written by Lin
WZ. In the moxibustion group, moxibustion was admin-
istered at bilateral ST25 acupoints using a fine moxa stick
with the smoldering end 2 cm away from the acupoints
for 10 min once daily for 7 d in total. In the M + DC
group, bilateral ST25 acupoints were injected with diso-
dium cromoglycate (55 mg/kg 0.2 mL; 0.1 mL for each
acupoint) before moxibustion. In the M + NS group,
bilateral ST25 acupoints were injected with normal saline
(0.2 mL; 0.1 mL for each acupoint) before moxibustion.

Observation of colonic mucosa by hematoxylin eosine
method

Following sacrifice of the animal and laparotomy, the
inflamed segment of colon approximately 8 cm from the
anus was removed, washed with iced saline, fixed in 10%
formalin, embedded in paraffin, sectioned, stained with
hematoxylin and eosin, dehydrated in 95%, 90% and
70% ethanol, cleared in xylene, mounted in Permount or
Histoclad, and observed under a microscope.

Observation of MC at ST25 acupoints by the toluidine
blue-improved method

Sequential paraffin slices 4-um thick were prepared after
48 h of fixation at 4 C in fixing solution (10% formalin).
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Figure 1 Results of hematoxylin eosine staining of rat colonic tissue (x 100). A: Normal group: the colonic mucosa was complete and the colonic gland was reg-
ularly arranged, with no apparent inflammatory cell infiltration; B: Model group: damage to colonic mucosa was found and there were monocytes and a large number
of inflammatory cells infiltrating the mucosa or submucosa; C: Moxibustion group: the colonic gland was regularly arranged compared with the model group and ulcer-
ation was covered by regenerated epithelium; D: Moxibustion plus disodium cromoglycate group: slight congestion of colonic mucosa and fibroplasia of submucosa
were found and a large number of infiltrating inflammatory cells, however, this was not as serious as in the model group; E: Moxibustion plus normal saline group: the
colonic gland was regularly arranged and inflammatory cell infiltration of the submucosa was noted.

The subcutaneous tissue samples were stained with 0.5%
toluidine blue. The numbers of MC per microscopic
view (0.16 mm” at X 200 magnification) were counted at
4 areas per slice and then averaged. Mast cells with more
than 3 granules outside the cell shape or with empty
cavities in the cytoplasm were considered to be degranu-
lated. The ratios of degranulated to total MC were calcu-
lated. Representative photomicrographs were obtained at
a magnification of X 400 for morphological evaluation.

Statistical analysis

Experimental data were expressed as mean + SD. Statistical
analyses were performed using SPSS 13.0 (SPSS Inc., Unit-
ed States). Differences in mean were compared by one way
ANOVA. P < 0.05 was considered statistically significant.
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RESULTS

Improvement of colonic ulceration in rats treated with
moxibustion

In the stained colon tissue slices, colonic glands and cali-
ciform cells were observed by light microscopy (Figure 1).
In the normal group, the colonic mucosa epithelium was
complete and the colonic gland was regularly arranged,
with no apparent inflammatory cell infiltration (Figure 1A).
In the model group, damage to colonic mucosa was
observed, mucosal villi were damaged or missing, there
was congestion and edema in the submucosa, the gland
was damaged or missing, caliciform cells were reduced,
monocytes or mast cells were present, a large number of
infiltrating inflammatory cells was present in the mucosa
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Group n MC average diameter MC average size

Normal 10 14.0266 + 2.1240 163.9111 + 51.3831
Model 10 14.6944 + 2.8082 182.1338 + 79.6975
Moxibustion 10 12.8357 + 3.5726 148.2694 + 88.3540
M + DC 10 15.2929 + 1.5578 194.111 + 35.6967
M + NS 10 14.2835 + 1.5379 162.4508 + 28.2383

MC: Mast cells; M + DC: Moxibustion plus disodium cromoglycate; M +
NS: Moxibustion plus normal saline.

Group n MC total number MC degranulation  Degranulation
number ratio (%)
Normal 10 716+127 1.22+0.29 17.01 + 4.11
Model 10 10.38+252 3.44+127° 32.58 +8.28"
Moxibustion 10 13.22 + 4.40° 5.78 +1.97*° 4591 +11.41*°
M + DC 10 10.14+4.26 3.36 +1.64 33.41 +9.56™
M + NS 10 1224 +434° 5.12 +2.26™ 4241 +7.71°°

MC: Mast cells; M + DC: Moxibustion plus disodium cromoglycate; M +
NS: Moxibustion plus normal saline.. °P < 0.05 vs normal group; °P < 0.05
vs model group; °P < 0.05 vs moxibution group.

or submucosa, and ulceration was noted (Figure 1B). In
the moxibustion group, the colonic gland was regularly ar-
ranged, ulceration was covered by regenerated epithelium,
submucosal edema was found, and a small number of in-
filtrating inflammatory cells was observed (Figure 1C). In
the M + DC group, the colonic gland was distended and
irregularly arranged, slight congestion of colonic mucosa
and fibroplasia of the submucosa were found, and a large
number of infiltrating inflammatory cells was noted, how-
ever, this was not as serious as in the model group (Figure
1D). In the M + NS group, the colonic gland was regu-
larly arranged, there was slight congestion of the colonic
mucosa, and edema and inflammatory cells had infiltrated
the submucosa (Figure 1E).

Effects of moxibustion on the morphology and function
of MC

There were no significant differences among the groups
in the average diameter and size of MC at ST25 acupoint
areas (Table 1). The number of degranulated MC and
the ratio of MC in the normal group were lower than
those in the other groups (P < 0.05); the degranulation
ratio of MC in the moxibustion group was greater than
those in the model group and the M + DC group (P <
0.05); no significant difference was found in the degran-
ulation ratio of MC between the moxibustion group and
the M + NS group (Table 2, Figure 2).

DISCUSSION

It has been suggested that MC could play a primary role
in the effective mechanism of moxibustion at acupoint
areas. An improvement in colonic injury in the moxibus-
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tion group was demonstrated and the degranulation ratio
of MC at ST25 acupoint areas was remarkably higher in
the moxibustion group than in the model group, which
indicated a correlation between MC and moxibustion
effects. Following inhibition of the degranulation of
MC at ST25 acupoints by injection of the MC stabilizer,
disodium cromoglycate, we found that not only did this
treatment counteract degranulation of MC, but there was
no improvement in colon tissue injury after moxibus-
tion. In addition, it was found that moxibustion had no
obvious influence on the size of MC at ST25 acupoints,
which further suggested that the degranulation of MC at
ST25 acupoints could participate in the mechanisms of
moxibustion therapy.

The degranulation of MC at acupoint areas has been
confirmed to participate in the analgesic activity of acu-
puncture[Z()’zz]. These studies revealed that there are many
more MC degranulated at acupoints following acupunc-
ture intervention. The shapes of the degranulated MC
were irregular with a vague boundary and the granules
in the cytoplasm were scattered and small in size, and
some granules released by MC spread over the entire tis-
sue space. It has been shown that the analgesic effect of
acupuncture could be significantly attenuated by repres-
sion of the degranulation of MC at acupoint areas using
sodium cromoglycate[zﬂ. Kimura found that the region
of moxibustion treatment instantly received a large
number of immunocyte infiltrations, which consisted of
lymphocytes, monocytes, some granulocytes and MCP,
Menjo showed that there was immediate degeneration
of the epidermal cell layer and increased amounts of
MC were observed after moxibustion treatment™. In
this study, we also demonstrated a correlation between
the activation of MC at moxibustion acupoint areas and
the effects of moxibustion in TNBS-induced colitis rats.

MC, as resident cells in human loose connective tis-
sue, are usually found gathered around small vessels and
collaterals, and are particularly rich at nerve endings and
nerve plexuses, forming a complex system of intercellular
communications” . The cytoplasts of MC are filled with
metachromatic basophilic granules in which vatious bioac-
tive mediators are resident. Under acupuncture and moxi-
bustion stimulation, large quantities of these bioactive me-
diators are released by activated MC to interact with sur-
rounding tissues, producing the original so-called Qi sen-
sation™ ", These bioactive substances (histamine, SP
and 5-HT) in the granules penetrate into the tissue spaces,
and on the one hand, transmit to other MC through the
tissue fluid in a direction flowing along the meridian line,
which induces further degranulation of MCM; on the
other hand, these bioactive substances directly stimulate
petipheral nerve receptors ot nerve endings causing neur-
axial reflection, releasing substance P, which can induce
MC degranulation, stimulating the adjacent nerve endings
further. Moxibustion signals are integrated and modifica-
tion occurs in different stages from acupoint areas to the
center and target organs, by which the moxibustion effect
is achieved and target organs adjust.

It has also been reported that there was a significant-
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Figure 2 Results of the mast cells toluidine blue-improved method at ST25 (x 400). Normal group (A), model group (B), moxibustion group (C), moxibustion plus
disodium cromoglycate group (D) and moxibustion plus normal saline group (E). Arrow 1: Intact mast cells (MC); Arrow 2: Degranulated MC. MC plasma stains purple,
and nucleus is shown as dark blue, scattering in subcutaneous loose connective tissues, or gathering in a group or lining up; cell shape appears round, oval, shuttle-
like, erose; small cells had little plasma and a clear shape, large cells had more plasma and an unclear shape.

ly different effect between acupuncture and moxibustion
on the quantities of degranulated cells and the distribu-
tion of MC at acupoint areas. Furthermore, the effect
of moxibustion is stronger than that of acupuncture,
and this may be attributed to heat radiation and some
chemical substances released from the burning of moxa,
which possibly stimulates the MC at acupoint areas by
the penetrating effect of moxibustion heat.

In conclusion, moxibustion stimulation may exert its
effect on TNBS-induced colitis rats by triggering the de-
granulation of local MC at ST25 acupoints.

COMMENTS

Background

Previous studies on the effective mechanism of acupuncture stimulation show
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that it is closely related to the degranulation of mast cells (MC) at acupoint
areas. The research has indicated that moxibustion stimulation has a beneficial
effect on inflammatory bowel disease, and ST25 is an efficacious point in the
clinical treatment of patients with inflammatory bowel disease. However, the
correlation between the effect of moxibustion and the response of MC at acu-
point areas is still unclear.

Research frontiers

With further study on the mechanism of moxibustion, more and more data show
that MC at acupoints play an important role in bridging acupoint areas and tar-
get organs, which had become a the hot topic of study.

Innovations and breakthroughs

The results of the authors’ study have proved that moxibustion is effective in TN-
BS-induced colitis rats. Moxibustion therapy exerts its effect on healing impaired
colonic mucosa by triggering degranulation of local MC at ST25 acupoints.
Applications

The experimental data has important clinical significance and can be used in
the further study of moxibustion therapy in the treatment of inflammatory bowel
disease.
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Peer review

This study investigated the relationship between the mast cell degranulation
at the Tianshu (ST25) acupoint of moxibustion and the development of trinitro-
benzene-sulfonic acid-induced colitis in rats. This is a study supported by The
National Basic Research Program of China (973 program), etc, attempting to
explore the mechanism of moxibustion. This kind of research would have im-
portant clinical significance and should certainly be encouraged. In general, this
paper was well written.
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