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Abstract: Macrophage (M@) phenotype and function play an important role in colonic inflammation, and Mo regula-
tion contributes to healing colonic damage. To elucidate the role of macrophage and related mechanism in moxibus-
tion action in ulcerative colitis (UC). UC model was established by supplying rats with drinking water containing 3.5%
dextran sulfate sodium salt. High-temperature moxibustion (HM) at 43+1°C was applied. Firstly, the colonic lesion
was observed. Secondly, the functional phenotype and phagocytosis of peritoneal M@ (pM@) were detected and
differentiation of M@ due to the expression of specific cytokines were observed. UC model rats had a significantly
larger number of CD11b*CD86* M¢ in the abdominal cavity, with markedly more active phagocytosis and a signifi-
cantly higher expression of inducible nitric oxide synthase (iNOs) mRNA compared to normal rats (all p < 0.05). They
also showed apparent colonic damages. The abnormal expressions of tumor necrosis factor-a (TNF-a), interferon-y
(IFN-y) and migration inhibitory factor (MIF) were found. HM increased the number of CD11b*CD163* Mo in the
peritoneal cavity and inhibited the phagocytic ability of pMp, accompanied by high expressions of arginase | (Arg I)
mRNA in pMe and IL-4 and IL-13 in the abdominal cavity (all p < 0.05). HM encouraged the healing of colonic ulcers
and alleviation of inflammation. Moxibustion promotes the healing of colonic injury and inflammation in UC rats,

which is plausibly related to the thermal effect in modulating the activation of pMe.
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Introduction

Ulcerative colitis (UC) is one of the major and
common types of inflammatory bowel disease
(IBD). The incidence of UC in the Asian region
has increased annually along with the change
of environment and lifestyle [1]. An epidemio-
logic survey of IBD in Northern China (Daqing)
revealed that the incidence of UC was 1.64 per
100,000 people, with a mean diagnosis age of
48.9 years, and a morbidity rate for IBD of 1.77
per 100,000 people [2]. Recurrent abdominal
pain, diarrhea, pus, and blood stool caused by
UC, following long-term medical consequences,
and financial burdens have a serious impact on
the physical and mental health of the patients
[3]. Therefore, the gradual recovery of intestinal
function and improvement of the quality of life
(QOL) are the major concerns for UC patients.
Thus, the major anti-inflammation and immune
suppression treatment protocols for UC, no lon-
ger satisfy patient requirements.

The unusual aggregation of immune cells and
secretion of numerous cytokines in colon are
the main histopathological features of UC.
Abnormal immune response is considered a
crucial pathological factor of UC, and either
excessive immune reactions or immune defi-
ciency may contribute to the development of
chronic non-specific inflammation in the colon.
Phagocytosis, antigen presentation, and cyto-
kines-producing effect make macrophage (M)
a critical population among the cells of colonic
innate immune system, and play a dual role in
both normal immune defense and inflammatory
injury. In the normal population, M2 Mo repre-
sents the majority in colonic tissues. Compared
to M1 Mo, M2 is weak in reacting to bacteria
but produces anti-inflammatory cytokines to
maintain intestinal tolerance. On the contrary,
M1, residing in colonic tissues of IBD patients,
is the predominant type of M, generates many
pro-inflammatory factors, and is highly sensi-
tive to bacterial stimulations [4-6]. With the
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Figure 1. A. Study design. B. Macrophage (M) can be polarized into M1 or
M2 types through two metabolic pathways based on the co-factors in the
peritoneal microenvironment. With the major presence of TNF-a and IFN-y,
the classical pathway is favored, thus producing M1 Mo with increased ex-
pressions of CD86 and iNOs. And the alternative pathway is favored due
to the prodominant presence of IL-4 and IL-13, producing M2 M¢ with in-

and to determine the role
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moxibustion treatment (Fig-
ure 1). The general purpose of
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the action mechanism of mox-
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Materials and methods

moxibustion will probably regulate the Mo differentiation and migration con-

tributed to the recovery of mucosal damage.

progress of UC, Mo of different phenotypes and
functions appear. Drugs that aim to regulate
the function of colonic M@ and induce immuno-
suppression promote mucosal healing and miti-
gate the symptoms in UC patients, producing
similar effects as interleukin-4 (IL-4) and 1-13
[7, 8]. This suggests that the abnormality in
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Animals

Specific pathogen-free (SPF) grade rats weigh-
ing 150410 g were provided by the Experi-
mental Animal Center of Shanghai University
of Traditional Chinese Medicine (SCXK2012-
0002). Feeding conditions were as follows:
indoor temperature at 23°C, relative humidity
between 50 and 70%, 12/12 h light/dark cycle,
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Figure 2. lllustration of moxibustion operation. (1)
Tianshu (ST25) acupoints are located 5 mm lateral
to the middle line of rats abdomen, at the intersec-
tion of upper 2/3 and lower 1/3 between xiphoid
and pubic symphysis. (2) Moxibustion in the high-
temperature moxibustion group (HMG) was operated
at bilateral Tianshu (ST25) acupoints by lighting fine
moxa, and the burning tip was suspended and kept
away from the surface of acupoints by 1.5-2 cm for
maintaining the skin temperature around 43+1°C.
(3) Moxibustion in the low-temperature moxibustion
group (LMG) was performed as in the HMG, but the
burning end was kept away by 3-3.5 cm to maintain
the temperature around 36+1°C.

and free access to food and drinking water. The
experiment officially began after a 3-day adap-
tive feeding. All operations were strictly in
accordance with the guidelines and approved
by the Committee on the Ethics of Animal
Experiments of Shanghai University of Tradi-
tional Chinese Medicine.

Establishment of UC rat model and grouping

The rats were randomly divided into four gro-
ups: a normal group (NG), a model group (MG),
a high-temperature moxibustion group (HMG)
(43+1°C), and a low-temperature moxibustion
group (LMG) (36+1°C), ten rats each. Rats in
the MG, HMG, and LMG groups were the UC
models by being provided drinking water
containing 3.5% dextran sulfate sodium salt
(DSS, molecular weight: 36,000-50,000; MP
Biomedicals Co., Ltd., USA) for 7 days, 40 mL
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total solution per day for each rat to develop UC
[16, 17]. Rats in the NG group were provided
plain drinking water. During the treatment, each
model rat was continuously fed drinking water
containing 1% DSS for 8 days, 40 mL total solu-
tion per day. For rats in the NG, normal drinking
water was supplied for 15 days, 40 mL per day
for each rat. The identification of UC model was
mainly based on the pathological observation
of the colon, such as the absence of a mucosal
epithelium, formation of ulcers, and edema-
tous lymphocyte infiltration into the lamina pro-
pria and submucosal connective tissues.

Treatment

After successful modeling, moxibustion inter-
vention was performed (Figure 2). The rats in
the NG and MG were only fixed same as moxi-
bustion treatment. The rats in the HMG received
mild moxibustion treatment at bilateral Tianshu
(ST25) points [18] by using fine moxa sticks
(Nanyanghanyi Moxa Co., Ltd., China) specifi-
cally for experimental animals. The burning end
was kept away from the treated area by 1.5-2
cm, and the ash was flicked off every 5 s to
maintaining the temperature at 43+1°C. The
moxibustion treatment in the LMG was the
same as that in the HMG, but the burning end
was kept away from the surface of acupoints by
3-3.5 cm, and the ash was flicked off every 5 s
for maintaining the temperature at 36+1°C.
The moxibustion treatment was within the rat
tolerance, considering whether the rat was
struggling or not. The treatment was given
once a day, 10 min each session, for a total of
8 sessions. The temperature on the surface of
acupoints was measured by using an infrared
thermometer (Optris Co., Ltd., Germany).

Morphological observation of the fixed colon
samples

The distal colon (6-8 cm) was collected from 2
cm above the anus and rinsed. After gross scor-
ing, the colon samples were fixed in 10% neu-
tral formalin, followed by dehydration, embed-
ding, slicing, and roasting by a pathological
analysis system (Leica Co., Ltd., Germany).
After being dewaxed and dehydrated by xylene
and gradient alcohol, the samples were stained
with hematoxylin solution (Nanjing Jiancheng
Co., Ltd., China) for 10 min, differentiated by 1%
hydrochloric acid alcohol, blued in 1% ammo-
nia, stained by 0.5% eosin solution (Nanjing
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Table 1. General morphological scoring

peritoneal irrigation fl-

General morphological manifestation

Score uid was centrifuged at

Colon adhesion No adhesion
Mild adhesion
Severe adhesion

Ulcer and inflammation No ulcer and no inflammation

Local congestion, no ulcer

1 ulcer without congestion or bowel wall thickening

1 ulcer with inflammation
> 2 ulcer and inflammation

> 2 ulcer and/or inflammation area > 1 cm
> 2 ulcer and/or inflammation area > 2 cm

One more damage, plus 1

2,000 rpm, and the
supernatant was se-
parated. Phosphate
buffer solution (PBS)
was added to resusp-
end the cells. The ab-
ove operation was re-
peated twice. The ly-
mphocyte separation
solution  (Cedarlane
Co., Ltd., USA) was
added without mixing
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Table 2. Histomorphological scoring

Histomorphological manifestation Score
Ulcer No ulcer
Ulcer area < 3cm

Ulcer area < 3 cm
Inflammation No inflammation
Mild inflammation
Severe inflammation
No granuloma
Granuloma
Lesion depth No lesion

Sublesion

Granuloma

Muscular layer
Serosa layer
Fibrosis No fibrosis
Mild fibrosis
Severe fibrosis
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Jiancheng Co., Ltd.), and dehydrated again by
gradient alcohol solution. Finally, the samples
were hyalinized in xylene, and neutral gum was
used for sealing. The morphological observa-
tion was accomplished by optical microscopy
(Olympus Co., Ltd., Japan). The gross and histo-
logical scoring criteria are shown in Tables 1
and 2 [19, 20].

Separation of pMs [21]

The rats were anesthetized with 3% pentobar-
bital sodium (Merck Millipore Co., Ltd., USA),
and Dulbecco’s modified Eagle’s medium
(DMEM)/F12 medium was injected into the
abdominal cavity. After being massaged, the
abdomen was dissected along the midline, and
the peritoneal irrigation fluid was collected. The
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and centrifuged at
3,000 rpm, and the
middle layer of the solution was kept. The cell
solution was prepared by adding 1 mL PBS, and
the remaining cells were counted for further
application.

Detection of CD86* and CD163*

The number of cells was counted, and the con-
centration was adjusted to 1 x 10° cells/mL.
Seven detection tubes were prepared for each
sample: a negative control, a homotypic con-
trol, a single tube (CD86, PE-labeled), a single
tube (CD163, PE-labeled), a single tube (CD11b,
Alex488-labeled), a double tube (CD86 and
CD11b), and another double tube (CD163 and
CD11b). All antibodies involved were purchased
from Bio-Rad Co., Ltd. (USA). Cells and corre-
sponding antibodies were added into the tubes
and incubated for 30 min at room temperature
(25°C) in the dark, and all the tubes were cen-
trifuged at 3,000 rpm per min for 10 min. The
supernatant was discarded, and the remaining
cells were resuspended by adding 200 pL PBS.
After two-color fluorescence compensation,
double-marked tubes were detected by using
Attune flow cytometer (Thermo Fisher Scientific
Co., Ltd., USA).

Phagocytosis of pMps

The cells separated from the peritoneal cavity
were resuspended into 1640 medium (Thermo
Fisher Scientific Co., Ltd.) containing 10% fetal
bovine serum (FBS; Thermo Fisher Scientific
Co., Ltd.), and the number of cells was counted.
The peritoneal cells were inoculated into a
6-well plate (1 x 10° cells per well) and incu-
bated at 37°C for 5 h in 5% CO,. The superna-
tant was removed, and the remaining cells were
cultured in 1 mL 1640 medium containing 10

Int J Clin Exp Med 2017;10(12):15991-16003
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Figure 3. Increased weight, gross and histological score of colon. The ulcerative colitis (UC) model rats experienced
diarrhea partially with blood, poor spirit, and significantly slower increase of body weight compared to normal rats [n
=8, (150.10+£19.54) vs. (108.81+20.20)]. Their gross score and histological score simultaneously increased [n =
8,0(0,0) vs. 3(1.25,4); 0 (0, 0) vs. 4 (3, 5)]. Moxibustion at 43+1.°C notably improved the colonic lesion of UC rats,
and their general and histological scores were both reduced compared to those in the model group (MG) and low-
temperature moxibustion group (LMG) [n =8, 1 (1, 1.75) vs. 3 (1.25, 4), 2 (1.25, 2.75); 1 (1, 1.75) vs. 4 (3, 5), 2.5
(1.25, 3)]; rat stool in the high-temperature moxibustion group (HMG) was well formed without any blood, and the
body weight increased steadily [n = 8, (129.06+15.99) vs. (108.81+20.20); (129.06+15.99) vs. (113.38+19.29)].

uL fluorescent microspheres (1 um; Thermo
Fisher Scientific Co., Ltd.) at 37°C for 1 h. The
medium was removed, and the wells were
washed with PBS once or twice. The adherent
cells were dissociated with 0.25% trypsin
(Beijing Solarbio Science & Technology Co.,
Ltd., China) to prepare a cell suspension, then
centrifuged at 3,000 rpm and resuspended
into 1 mL PBS for detection.

Content of tumor necrosis factor-a (TNF-x),
interferon-y (IFN-y), IL-4, IL-13, and migration
inhibitory factor (MIF) in peritoneal fluid

According to the instructions of the enzyme-
linked immunosorbent assay (ELISA) kit (Co-
lorfulGene Co., Ltd., China), the samples, stan-
dards, and avidin were added into each well,
mixed, and incubated at 37°C for 30 min. The
supernatant was discarded, the plates were
washed five times with the washing liquid, the
appropriate enzyme-labeled reagent added
and incubated at 37°C for 30 min. The super-
natant was discarded and washed five times
with the washing solution. The reagents A and
B were added, mixed, and incubated at 37°C
for 15 min. The plates were analyzed by a
microplate reader (Bio-Tek Co., Ltd., USA) at a
wavelength of 450 nm. The concentration of
each cytokine in the sample was determined by
plotting a standard curve.

Expression of inducible nitric oxide synthase
(iNOs) and arginase | (Arg [) mRNA in pMps

The sequences of the primers for iNOs were
5-ATGTCTGGTTTGGAGAGAGCA-3’ and 5-GAG-
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GAGCAGGGACTTCTTGAG-3’, and the polyme-
rase chain reaction (PCR) fragment size was
156 bp. The sequences of the primers for
Arg | were 5-TGTGGTAGCAGAGACCCAGAAG-3’
and 5-GTCAGCGGAGTGTTGATGTCAG-3’, and
the PCR fragment size was 138 bp. The seque-
nces of the primers for glyceraldehyde 3-phos-
phate dehydrogenase (GAPDH) were 5-CCG-
AGGGCCCACTAAAGG-3’ and 5-GCTGTTGAGTC-
ACAGGAGCAA-3’, and the PCR fragment size
was 116 bp. The extraction of RNA from perito-
neal cells was performed by successively add-
ing TRIzol (Thermo Fisher Scientific Co., Ltd.),
chloroform, isopropanol, 75% ethanol, absolute
ethanol, and diethylpyrocarbonate (DEPC) wa-
ter. Internal amplification was performed by the
ABI PCR instrument (Thermo Fisher Scientific
Co., Ltd.) at 95°C for 10 min and 40 cycles
(95°C for 15 s; 60°C for 45 s). The data were
analyzed by ABI Prism 7300 SDS software. The
relative expression of iINOs and Arg | mMRNA was
expressed as 22°T x 100% (A threshold cycle
(CT) = CT value of target gene-CT value of
GAPDH) as the statistical value.

Statistical analysis

The data were statistically analyzed using SPSS
(version 18.0) software. Normally distributed
data (eg. weight, number of different functional
phenotypes of phagocytes in peritoneal cavity,
phagocytic activity, mRNA expression of iNOS/
Arg |, genetic content of various cells from colon
sample and expression of MIF in peritoneal
cavity) were expressed as mean * standard

Int J Clin Exp Med 2017;10(12):15991-16003
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Figure 4. Morphological observation of colon. The colon of ulcerative colitis
(UC) model rats showed absence of mucosal epithelium, formation of ulcers,
and edematous lymphocyte infiltration into the lamina propria and submu-
cosal connective tissues, as visualized under the microscope. More macro-
phages were detected in the submucosa of UC model rats than in that of the

cantly higher gross scores and
histological scores (all p <
0.05, Figures 3 and 4). Co-
mpared to the MG, the colo-
nic tissue lesion in the HMG
was notably improved, with
integration of colonic mucosa
and alleviation of inflamma-
tion, and the gross and histo-
logical scores were significant-
ly lower (all p < 0.05, Figures 3
and 4). In the HMG, rat stool
was without blood, and the
body weight increased steadi-
ly. Compared to the LMG, the
gross and histological scores
of colon in the HMG were bo-
th significantly lower (all p <
0.05, Figures 3 and 4). No
significant differences in the
weight gain and the general
score between the LMG and
the MG were detected (all p >

normal rats. After moxibustion treatment, the colonic damage of rats was 0.05).
notably alleviated in the high-temperature moxibustion group (HMG) and

low-temperature moxibustion group (LMG), indicated by complete coverage
of mucosal epithelium, hyperplasia of colon glands, and regular glandular
cavity. Although the HMG had some scattered macrophages in colonic sub-
mucosa, it showed a more significant improvement of colon structure than
the model group (MG) and LMG. (Magnification x 200) A. Normal group (NG),

B. MG, C. HMG; D. LMG.

deviation and analyzed with one-way analysis
of variance (ANOVA) if the homogeneity of vari-
ance was confirmed. Fisher’s least significant
difference (LSD) test was used for comparison
between two treatment groups. The data with
heterogeneity of variance were analyzed by
Dunnett’'s T3 test. Non-normally distributed
data (eg. gross and histological scores) were
expressed as median (quartile) and analyzed by
a non-parametric test. P < 0.05 indicated sta-
tistical significance.

Results

Improvement of general condition and colonic
lesion

Our results demonstrated that moxibustion
produced some notable effects in improving
the general condition of UC rats and promoted
the repairation of colonic damages. Compared
to the normal rats, the UC rat models had loose
stool, partially with blood, slower increase in
body weight, and severe colonic damage with
ulcers and inflammatory infiltration, with signifi-
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Influence on the number of
different functional pheno-
types of pMq in peritoneal

cavity

Furthermore, moxibustion ad-

justed the number of pMeos
with different functional phenotypes in the pe-
ritoneal cavity by increasing CD11b*CD163*
M¢ and decreasing CD11b*CD86* M¢@. CD11b
antibody was used to identify Mgs, and CD86
or CD163 antibody was co-incubated to distin-
guish their functional status inducing injury or
recovery respectively. Compared to that in
normal rats, the number of CD11b*CD86* M@
significantly increased, while the number of
CD11b*CD163* M@ decreased simultaneously
in the peritoneal cavity of UC rat models (all p <
0.05, Figure 5). Compared to that in the MG
and LMG, the number of CD11b*CD86* M was
down-regulated and the number of CD11b*
CD163* My was up-regulated in the peritoneal
cavity of rats in the HMG (all p < 0.05, Figure 5).
No significant difference in the number of
CD11b*CD163* M@ in the peritoneal cavity
between the LMG and the MG was detected (p
> 0.05).

Inhibition of the phagocytosis of pMo

Moreover, moxibustion suppressed the phago-
cytic activity of pM¢ to some extent. Mg was

Int J Clin Exp Med 2017;10(12):15991-16003
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Figure 5. Number of CD11b*CD86*
M@ and CD11b*CD163* Mg in the pe-
ritoneal cavity. The number of CD11b*
CD86" Mo significantly increased, and
the number of CD11b*CD163* M¢ de-
creased in the model rats compared
to that in the normal rats [n = 8,
(8.14+£2.70) vs. (15.21+3.42); (15.29+
3.57) vs. (10.64+2.83)]. The number of
CD11b*CD86* Mg was significantly low-
er, and the number of CD11b*CD163*
Mo was significantly higher in the high-
temperature moxibustion group (HMG)
compared to that in the model group
(MG) and low-temperature moxibustion
group (LMG) [n = 8, (8.02+£2.62) vs.
(15.21+3.42), (11.29+43.66); (14.97+
2.68) vs. (10.64+2.83), (9.73+3.66)].
A. Distribution of peritoneal CD11b*
CD86*" M. B. Distribution of peritoneal
CD11b*CD163* M. C. Number of CD1-
1b*CD86* M@ and CD11b*CD163* M.

separated by time-dependent adher-
ent culture and incubated with 1 um
fluorescent microspheres. Compared
to the normal rats, the number of
CD11b* M¢ that had internalized 1
um fluorescent microspheres in the
peritoneal cavity of UC rat models
has notably increased (p < 0.05,
Figure 6). Compared to the MG and
LMG, the number of CD11b* M@ that
had internalized 1 pm fluorescent
microspheres in the peritoneal cavi-
ty of the HMG was significantly low-
ered (p < 0.05, Figure 6). No signifi-
cant difference in the phagocytosis
of M@ in the peritoneal irrigation
fluid between the MG and the LMG
was detected (p > 0.05).

Decrease in the expressions of iNOs
mMRNA and increase in Arg | mRNA
in pMo

In addition, moxibustion notably
down-regulated the expression of
iINOS mRNA and up-regulate expres-
sion of Arg | mRNA in pM@. Compared
to normal rats, the expression of
iNOs mRNA in the pM¢ of the UC rats
significantly increased, and the
expression of Arg | mRNA in the pM¢@
significantly decreased (all p < 0.05,
Figure 7). Compared to the MG, the
expression of iINOs mRNA in the
HMG significantly decreased, while

Int J Clin Exp Med 2017;10(12):15991-16003



Healing effect of hyperthermia on colitis

A
a = _Gate: P2 b = _Gate: P2
L8 L&
a i 3

g =

1wt 5 4l wt 1 ub wl 2 .;-5 w? w 1B b w2
FL1-A FL1-A

c ) d

8 _Gate: P2 = Gate: P2

g

§ 1 *
E -
S 2

(&)

Phagocytosis %

MG HMG LMG
Group

Figure 6. Phagocytic capacity of M@ in the peritoneal cavity. Positive cells
referred to those swallowed more than 1 microsphere and were entirely
counted and analyzed. The phagocytic capacity of peritoneal macrophage
(PMo) in ulcerative colitis (UC) rats was significantly strengthened com-
pared to that in the normal rats [n = 8, (6.23+0.79) vs. (10.97+£1.80)]. The
phagocytic ability in the high-temperature moxibustion group (HMG) was
significantly weakened compared to that in the model group (MG) and low-
temperature moxibustion group (LMG) [n = 8, (7.23+1.79) vs. (10.97+1.80),
(9.92+1.79)]. A. Number of peritoneal macrophage (pMo) that swallowed
microspheres and fluorescent intensity. B. Phagocytic capacity of pMe.

in the pMo in the HMG was
significantly higher than that
in the pMo in the LMG (all p <
0.05, Figure 7). No significant
difference in the expressions
of iNOs and Arg | mRNAs
between the MG and the LMG
was detected (p > 0.05).

Regulation of key cytokines
inducing the differentiation
of pM¢g

Furthermore, moxibustion si-
multaneously reduced the co-
ntents of TNF-«, IFN-y and in-
creased the contents of IL-4
and IL-13 in the abdominal
microenvironment. Compared
to the normal rats, the levels
of TNF-a and IFN-y in the peri-
toneal lavage fluid significantly
increased in the UC rat mod-
els, while the levels of IL-4
and IL-13 significantly decre-
ased (all p < 0.05, Figure 8).
Compared to MG and LMG,
the contents of TNF-a were
lowered in the HMG, while the
contents of IL-4 and IL-13 obvi-
ously increased (all p < 0.05,
Figure 8). There was a slight
difference in the content of
IFN-y between the LMG and
the HMG but without stati-
stical significance (p > 0.05).
No significant differences in
comparing the expressions of
TNF-&, IFN-y, IL-4, and IL-13
between the MG and the LMG
were detected (p > 0.05).

Different effects on the ex-
pression of MIF in peritoneal
cavity

Additionally, moxibustion inhi-
bited the expression of MIF in
peritoneal cavity. Compared
to the normal rats, the expres-
sion of MIF in peritoneal cavity
of the UC rat models signifi-
cantly increased (p < 0.05,

the expression of Arg | mRNA markedly incr- Figure 9). Compared to MG and LMG, the
eased (p < 0.05). The expression of Arg | mMRNA expression of MIF in peritoneal cavity was sig-
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Figure 7. Number of different phenotypes of perito-
neal macrophage (pM@) and expression of inducible
nitric oxide synthase (iNOs) and arginase | (Arg I)
mMRNAs in pM@. The expression of INOs mRNA signifi-
cantly increased, and the expression of Arg | mRNA
decreased in the UC model rats compared to that in
the normal rats [n =6, (5.89+2.61) vs. (13.04+4.19);
(11.68+2.17) vs. (6.84+1.79)]. The expression of Arg
I mRNA was significantly higher, and the expression
of iINOs mRNA was lower in the high-temperature
moxibustion group (HMG) compared to that in the
model group (MG) and low-temperature moxibustion
group (LMG) [n = 6, (10.66+2.46) vs. (6.84+£1.79);
(6.71+£2.71) vs. (13.04+4.19)].
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Figure 8. Contents of tumor necrosis factor-o (TNF-),
interferon-y (IFN-y), interleukin-4 (IL-4), and IL-13 in
the peritoneal cavity. The levels of TNF-a and IFN-y
significantly increased, and the levels of IL-4 and IL-13
decreased in the ulcerative colitis (UC) rats compared
to those in the normal rats [n = 8, (169.48+12.28)
vs. (204.68+15.92); (132.51+15.68) vs. (162.57+
4.30); (162.3946.27) vs. (142.10+12.15); (71.14+
6.92) vs. (55.52+3.74); all p < 0.05]. The content
of TNF-at was significantly lower, and the contents of
I-4 and IL-13 were higher in the high-temperature
moxibustion group (HMG) compared to those in
the model group (MG) and low-temperature moxi-
bustion group (LMG) [n = 8, (178.79+13.96) vs.
(204.68+15.92), (194.07+13.10); (159.68+7.90)
vs. (142.10+£12.15), (142.06+11.69); (67.05+6.32)
vs. (55.52+3.74), (58.56+5.87); all p < 0.05)].
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Figure 9. Expression of migration inhibitory factor
(MIF) in the peritoneal cavity. The expression of MIF
has significantly increased in the ulcerative colitis
(UC) rats compared to that in the normal rats [n = 8,
(22.94+2.64) vs. (53.78+5.98)]. After moxibustion
treatment, the expression of MIF was significantly
lower in the high-temperature moxibustion group
(HMG) compared to that in the model group (MG)
and low-temperature moxibustion group (LMG) [n =
8, (35.174£6.09) vs. (53.78+5.98), (42.41+5.07)].

nificantly lower in HMG (p < 0.05, Figure 9).
There was significant difference in the expres-
sion of MIF in peritoneal cavity between the
LMG and the MG (p < 0.05).

Discussion

UC is an unexplained chronic colonic inflam-
matory disease with diffuse, continuous, and
superficial (localized mucosa) characteristics in
lesions. Abnormalities of innate immunity in
colon have been considered as the root cause
of initiation and development of UC [22]. As an
important part of the innate immune system,
Mo of different differentiation status shows a
high heterogeneity in its function. The amount
of inflammatory type M@ with aberrant activa-
tion and migration is the core mechanism of
colonic injuries in UC. Moxibustion is one of the
effective alternative therapies for UC, charac-
terized by gentle stimulation, non-drug proper-
ty, and simple application. Moxibustion is also
well accepted by patients [9, 23]. Clinical stud-
ies showed that moxibustion improved the QOL
and promoted the recovery of intestinal func-
tion in UC. However, the action mechanism of
moxibustion is still unclear, limiting its further
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application in the clinic. Thermal effect is the
main factor in the action of moxibustion [24-
26]. Our study has observed the influence of
moxibustion at two different temperatures on
the colonic injury of UC rats and explored the
action mechanism of moxibustion in treating
UC from the perspective of pM¢. The results
showed that moxibustion at 43+1°C increased
the number of CD163* M@, which is responsi-
ble for repairing, inhibiting the phagocytosis
ability of pMo, up-regulating the amount of Arg
I MRNA and the contents of IL.-4 and IL-13, and
down-regulating the expression of MIF in ab-
dominal cavity. Moxibustion at 43+1°C dis-
played a more powerful regulation on the dif-
ferentiation and migration of pM¢ than moxi-
bustion at 36x1°C. Moxibustion repairs the
colonic damages and alleviates the inflamma-
tion of UC rats, through its thermal effect on
regulating the balance of M1/M2 M@s and their
migration as well as the rebuilding of the
homeostasis of the innate immune system. Our
study proved that an appropriate temperature
was the important basis of moxibustion thera-
peutic effects, and this is similar to the results
of a previous study [27].

In this study, two temperatures were chosen:
36+1°C in the LMG, which is close to normal
body temperature producing no or only low heat
stimulation, and 43+1°C in the HMG, which is
definitely higher than normal body tempera-
ture, producing a significant thermal stimula-
tion. The results showed that moxibustion at
43+1°C improved the situation of diarrhea and
hematochezia, increased the body weight, alle-
viating colonic injuries and significantly lower-
ing the gross and histological colon scores in
UC rat models. This indicates that an optimal
temperature is an essential factor of moxi-
bustion in ameliorating colonic damage and
abdominal symptoms in treating UC. Some
studies reported that a high temperature rang-
ing from 38°C to 41°C modulated both innate
and acquired immune systems, and this phe-
nomenon is known as hyperthermia. The
immune-regulatory effect of temperature at
this range was different from that induced by
exogenous heat stimulation [27]. Studies also
showed that at 40°C, the phagocytosis ability
of mononuclear macrophages in human periph-
eral blood was improved, while the activity of
natural killer cells was inhibited at 42°C [28,
29]. We concluded that the therapeutic efficacy
of moxibustion required the maintenance of an
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appropriate temperature to induce a bilateral
regulation of the immune response.

Our study focused on the possible action mech-
anism of moxibustion in treatment of UC by
looking into the change of pM@. M1 and M2 are
the two major cell types differentiated from M@
in different microenvironments, and they have
different cell phenotypes and functional activi-
ties [30, 31] (Figure 1). Activation and aberrant
migration of M1 M¢ in colonic tissue are impor-
tant mechanisms that cause destabilization of
innate immunity and inflammatory injury in
colon. Different phenotypes of M indicate its
functional heterogeneity, and its activity is
involved in the injury and repair of colon in UC
rats. Experiments on 2, 4, 6-trinitrobenzenesul-
fonic acid (TNBS)-induced IBD rat models dem-
onstrated that the activities of colonic macro-
phage (cM@) and pM@ were similar, the isolated
pMeo highly reacted to lipopolysaccharide (LPS)
stimulation in vitro, and the expression of TNF-
o, IL-1B, and iNOs were strengthened [32, 33].
Thermal stimulation at 39.5°C increases the
ability of pMo in responding to LPS both in vivo
and in vitro, indicated by higher expressions of
TNF-a and 70-kDa heat-shock protein (HSP70)
and activated nuclear factor-kappa B (NF-kB)
signaling pathway, indicating that the variations
of pM¢@ function are capable of reflecting the
repair ability of the body triggered by high fever
after infection [34]. Thus, we assume that moxi-
bustion improves the symptoms of UC and pro-
motes the healing of intestinal injury plausibly
by regulating Mo [35-38]. After verifying the
role of temperature in the action of moxibus-
tion, this study further observed the regulatory
effect of moxibustion on the phenotype and
function of pM@ in order to prove that moxibus-
tion at Tianshu (ST25) acupoints eased colonic
inflammation and healed the colonic damages
via regulating M. Our research showed that
moxibustion at 43+1°C increases the number
of CD11b*CD163* Mo, lowers the number of
CD11b*CD86* M@ in the abdominal cavity, up-
regulates the expression of Arg | mRNA, and
down-regulates iNOs mRNA in pM¢, and the
phagocytosis was weakened in the UC rats. We
detected the level of key cytokines during M@
differentiation and MIF, which determines pM¢
migration in peritoneal lavage fluid, finding that
moxibustion at 43+1°C promoted the expres-
sion of ILl-4 and IL-13, inhibited the production
of IFN-y and TNF-a, and down-regulated the
expression of MIF in peritoneal cavity. These
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results suggest that moxibustion at 43+1°C
regulate the differentiation and migration of
M@, and improve the microenvironment to gen-
erate M2 M¢ to promote the recovery of colonic
injury.

Peritoneal M@ has the characteristic of migra-
tion, and previous study confirmed that the
colonic mucosal lymph cells partially originated
from pM@ migration [39]. However, the detailed
relationships between intestinal lymph cells
and pMo require further studies. Although mox-
ibustion at 43+1°C produced more significant
effects, moxibustion at 36+1°C significantly
lowered the colonic histological score and the
number of CD11b*CD86* M@ and MIF in the
abdominal cavity. Thus, we hypothesize that
there are other factors in the therapeutic action
of moxibustion such as moxa smoke. However,
further studies are required in order to eluci-
date the mechanisms underlying moxibustion
action.

Moxibustion at 43+1°C reduces the number of
CD86* pMe, increases the number of CD163*
pMo, regulates the expression of iNOs and Arg
I mMRNAs in pMg, inhibits the phagocytosis abil-
ity of pM¢@, down-regulates the content of TNF-
o, up-regulates the expression of IL-4 and IL-13
in the abdominal cavity, and influences the
transformation of pM¢ in the UC rat models.
Moxibustion alleviates the colonic damages in
UC rats plausibly via affecting the phenotype,
function, and chemotaxis of pM@ through ther-
mal effect.

Acknowledgements

This study was supported by the National
Natural Science Foundation of China (No.
81202754, 81674073); National Key Basic
Research Program of China (973 Program) (No.
2015CB554501); Project of Shanghai Muni-
cipal Commission of Health and Family Planning
(No. 20144Y0153).

Disclosure of conflict of interest
None.

Address correspondence to: Xiaopeng Ma, Shanghai
Research Institute of Acupuncture and Meridian,
NO. 650 South Wanping Road, Xuhui District,
Shanghai 200030, China. Tel: +86-02164690257;
Fax: +86-02164382181; E-mail: xiaopengmayich-
uan@163.com

16001

References

[1] Ng WK, Wong SH and Ng SC. Changing epide-
miological trends of inflammatory bowel dis-
ease in Asia. Intest Res 2016; 14: 111-119.

[2] YangH,LiY, WuW, Sun Q, Zhang, Zhao W, Lv
H, Xia Q, Hu P, Li H and Qian J. The incidence
of inflammatory bowel disease in Northern
China: a prospective population-based study.
PLoS One 2014; 9: e101296.

[3] Burkhalter H, Stucki-Thur P, David B, Lorenz S,
Biotti B, Rogler G and Pittet V. Assessment of
inflammatory bowel disease patient’s needs
and problems from a nursing perspective. Di-
gestion 2015; 91: 128-141.

[4] Davies LC, Jenkins SJ, Allen JE and Taylor PR.
Tissue-resident macrophages. Nat Immunol
2013; 14: 986-995.

[5] Kuhl AA, Erben U, Kredel LI and Siegmund B.
Diversity of intestinal macrophages in inflam-
matory bowel diseases. Front Immunol 2015;
6: 613.

[6] Onoprienko LV. [Molecular mechanisms regu-
lating the activity of macrophages]. Bioorg
Khim 2011; 37: 437-451.

[7] Vos AC, Wildenberg ME, Arijs I, Duijvestein M,
Verhaar AP, de Hertogh G, Vermeire S, Rut-
geerts P, van den Brink GR and Hommes DW.
Regulatory macrophages induced by infliximab
are involved in healing in vivo and in vitro. In-
flamm Bowel Dis 2012; 18: 401-408.

[8] Luhrs H, Gerke T, Muller JG, Melcher R, Schau-
ber J, Boxberge F, Scheppach W and Menzel T.
Butyrate inhibits NF-kappaB activation in lami-
na propria macrophages of patients with ulcer-
ative colitis. Scand J Gastroenterol 2002; 37:
458-466.

[9] JiJ, Huangy, Wang XF, Ma Z, Wu HG, Im H, Liu
HR, Wu LY and Li J. Review of clinical studies of
the treatment of ulcerative colitis using acu-
puncture and moxibustion. Gastroenterol Res
Pract 2016; 2016: 9248589.

[10] JiJ, LuY, Liu H, Feng H, Zhang F, Wu L, Cui Y
and Wu H. Acupuncture and moxibustion for
inflammatory bowel diseases: a systematic re-
view and meta-analysis of randomized con-
trolled trials. Evid Based Complement Alternat
Med 2013; 2013: 158352.

[11] LiH,HeT, XuQ,LiZ LiuY,LiF Yang BF and Liu
CZ. Acupuncture and regulation of gastrointes-
tinal function. World J Gastroenterol 2015; 21:
8304-8313.

[12] Kondo T and Kawamoto M. Acupuncture and
moxibustion for stress-related disorders. Bio-
psychosoc Med 2014; 8: 7.

[13] Pais |, Correia N, Pimentel |, Teles MJ, Neves E,
Vasconcelos J, Guimaraes J, Azevedo N,
Moreira Pinto A, Machado J, Efferth T and Gre-
ten HJ. Effects of acupuncture on leucopenia,

Int J Clin Exp Med 2017;10(12):15991-16003


mailto9:xiaopengmayichuan@163.com
mailto9:xiaopengmayichuan@163.com

(14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

Healing effect of hyperthermia on colitis

neutropenia, NK, and B cells in cancer pa-
tients: a randomized pilot study. Evid Based
Complement Alternat Med 2014; 2014:
217397.

Lin JG and Chen YH. The mechanistic studies
of acupuncture and moxibustion in Taiwan.
Chin J Integr Med 2011; 17: 177-186.

Li X, Guo G, Shen F, Kong L, Liang F and Sun G.
Moxibustion activates macrophage autophagy
and protects experimental mice against bacte-
rial infection. Evid Based Complement Alternat
Med 2014; 2014: 450623.

Zhang ZL, Fan HY, Yang MY, Zhang ZK and Liu
K. Therapeutic effect of a hydroxynaphthoqui-
none fraction on dextran sulfate sodium-in-
duced ulcerative colitis. World J Gastroenterol
2014; 20: 15310-15318.

Ramonaite R, Skieceviciene J, Juzenas S, Salt-
eniene V, Kupcinskas J, Matusevicius P, Boru-
taite V and Kupcinskas L. Protective action of
NADPH oxidase inhibitors and role of NADPH
oxidase in pathogenesis of colon inflamma-
tion in mice. World J Gastroenterol 2014; 20:
12533-12541.

Huang, Ma Z, Cui YH, Dong HS, Zhao JM, Dou
CZ, Liu HR, Li J and Wu HG. Effects of herb-
partitioned moxibustion on the miRNA expres-
sion profiles in colon from rats with DSS-in-
duced ulcerative colitis. Evid Based Comple-
ment Alternat Med 2017; 2017: 1767301.
Butzner JD, Parmar R, Bell CJ and Dalal V.
Butyrate enema therapy stimulates mucosal
repair in experimental colitis in the rat. Gut
1996; 38: 568-573.

Vilaseca J, Salas A, Guarner F, Rodriguez R,
Martinez M and Malagelada JR. Dietary fish oil
reduces progression of chronic inflammatory
lesions in a rat model of granulomatous colitis.
Gut 1990; 31: 539-544.

Zhang X, Goncalves R and Mosser DM. The iso-
lation and characterization of murine macro-
phages. Curr Protoc Immunol 2008; Chapter
14: Unit 14 11.

Davies JM and Abreu MT. The innate imm-
une system and inflammatory bowel disease.
Scand J Gastroenterol 2015; 50: 24-33.

Wu H, Chen H, Hua X, Shi Z, Zhang L and Chen
J. Clinical therapeutic effect of drug-separated
moxibustion on chronic diarrhea and its immu-
nologic mechanisms. J Tradit Chin Med 1997;
17: 253-258.

Jiang J, Wang X, Wu X and Yu Z. Analysis of fac-
tors influencing moxibustion efficacy by affect-
ing heat-activated transient receptor potential
vanilloid channels. J Tradit Chin Med 2016; 36:
255-260.

Su YS, Xin JJ, Yang ZK, He W, Shi H, Wang XY,
Hu L, Jing XH and Zhu B. Effects of different
Local moxibustion-like stimuli at zusanli (ST-
36) and Zhongwan (CV12) on gastric motility

16002

(26]

[27]

(28]

[29]

(30]

(31]

[32]

(33]

(34]

(35]

(36]

and Its underlying receptor mechanism. Evid
Based Complement Alternat Med 2015; 2015:
486963.

Yi SH. Thermal properties of direct and indirect
moxibustion. J Acupunct Meridian Stud 2009;
2:273-279.

Noh SH, Lee BR and Yim YK. Single and triple
moxibustion with large, indirect moxa induced
differential effects on skin temperature and
blood perfusion in healthy human subjects:
counterevidence to a previous report. Comple-
ment Ther Med 2014; 22: 311-319.

Djaldetti M and Bessler H. High temperature
affects the phagocytic activity of human pe-
ripheral blood mononuclear cells. Scand J Clin
Lab Invest 2015; 75: 482-486.

Zhou D, Huang C, Lin Z, Zhan S, Kong L, Fang C
and Li J. Macrophage polarization and function
with emphasis on the evolving roles of coordi-
nated regulation of cellular signaling path-
ways. Cell Signal 2014; 26: 192-197.
McWhorter FY, Wang T, Nguyen P, Chung T and
Liu WF. Modulation of macrophage phenotype
by cell shape. Proc Natl Acad Sci U S A 2013;
110: 17253-17258.

Lee CT, Zhong L, Mace TA and Repasky EA. EI-
evation in body temperature to fever range en-
hances and prolongs subsequent responsive-
ness of macrophages to endotoxin challenge.
PLoS One 2012; 7: e30077.

Yokota H, Tsuzuki A, Shimada Y, Imai A, Utsumi
D, Tsukahara T, Matsumoto M, Amagase K,
Iwata K, Nakamura A, Yabe-Nishimura C and
Kato S. NOX1/NADPH oxidase expressed in co-
lonic macrophages contributes to the patho-
genesis of colonic inflammation in trinitroben-
zene sulfonic acid-induced murine colitis. J
Pharmacol Exp Ther 2017; 360: 192-200.
Soesatyo M, Thepen T, Ghufron M, Biewenga J
and Sminia T. Peritoneal cell labelling: a study
on the migration of macrophages and dendrit-
ic cells towards the gut. Adv Exp Med Biol
1993; 329: 321-326.

Keane TJ, Dziki J, Sobieski E, Smoulder A, Cas-
tleton A, Turner N, White LJ and Badylak SF.
Restoring mucosal barrier function and modi-
fying macrophage phenotype with an extra-
cellular matrix hydrogel: potential therapy for
ulcerative colitis. J Crohns Colitis 2017; 11:
360-368.

Stout RD, Jiang C, Matta B, Tietzel |, Watkins
SK and Suttles J. Macrophages sequentially
change their functional phenotype in response
to changes in microenvironmental influences. J
Immunol 2005; 175: 342-349.

Brown BN, Ratner BD, Goodman SB, Amar S
and Badylak SF. Macrophage polarization: an
opportunity for improved outcomes in biomate-
rials and regenerative medicine. Biomaterials
2012; 33: 3792-3802.

Int J Clin Exp Med 2017;10(12):15991-16003



[37]

[38]

Healing effect of hyperthermia on colitis

Jarnerot G, Hertervig E, Friis-Liby |, Blomquist
L, Karlen P, Granno C, Vilien M, Strom M, Dan-
ielsson A, Verbaan H, Hellstrom PM, Magnuson
A and Curman B. Infliximab as rescue therapy
in severe to moderately severe ulcerative coli-
tis: a randomized, placebo-controlled study.
Gastroenterology 2005; 128: 1805-1811.

Liu HF, Zhang HJ, Hu QX, Liu XY, Wang ZQ, Fan
JY, Zhan M and Chen FL. Altered polarization,
morphology, and impaired innate immunity
germane to resident peritoneal macrophages
in mice with long-term type 2 diabetes. J
Biomed Biotechnol 2012; 2012: 867023.

16003

[39] Wang W, Li X, Zheng D, Zhang D, Huang S,

Zhang X, Ai F, Wang X, Ma J, Xiong W, Zhou Y, Li
G and Shen S. Dynamic changes of peritoneal
macrophages and subpopulations during ul-
cerative colitis to metastasis of colorectal car-
cinoma in a mouse model. Inflamm Res 2013;
62: 669-680.

Int J Clin Exp Med 2017;10(12):15991-16003



