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Abstract

Background: Zanthoxylum bungeanum-cake-separated moxibustion (ZBCS-moxi), a kind of traditional therapy of moxibustion, has been used
in China since 340 B.C. However, its mechanism remains unclear. So, this study was attempted to reveal the anti-inflammatory effect of
ZBCS-moxi on rheumatoid arthritis (RA) rats.

Methods and Materials: Forty health SD female rats were randomly divided into 4 groups (n=10/group): control group, model group,
Zanthoxylum bungeanum-cake-separated moxibustion group (ZBCS-moxi group) and Aconitum carmichaeli-cake-separated moxibustion group
(ACCS-moxi group). RA model was induced by injecting 0.1 ml Freund’s complete adjuvant (FCA) into the right hind paw of rats. Eleven days
after CFA injection, the rats in ZBCS-moxi group received Zanthoxylum bungeanum- cake-separated moxibustion on Shenshu (BL23), Zusanli
(ST36) acupoints and the dorsum right hind paw respectively for 3 weeks. The ACCS-moxi group was used as a positive control, while the rats
were treated with Aconitum carmichaeli-cake-separated moxibustion on the same acupoints and courses. After a 3-week treatment, we
investigated anti-inflammatory effect by measuring the paw volume, observing the pathologic morphology of synovial membranes and detecting
the concentration of IL-1 and TNF-a in serum.

Results: Compared to model group, the swollen paw volumes, the synovial hyperplasia and pannus formation of synovial membranes and the
concentration of I1L-14 and TNF-a in serum decreased obviously (P<0.01, P<0.05) in ZBCS-moxi group, as well as in ACCS-moxi group.
However, the swollen paw volumes, the synovial hyperplasia and pannus formation of synovial membranes and the concentration of IL-1f and
TNF-a in serum in ZBCS-moxi and ACCS-moxi group did not show significant differences (P>0.05)

Conclusions: ZBCS-moxi displays anti-inflammatory effect on RA rats via suppressing the expression of cytokines and has similar effect to
ACCS-moxi.
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Introduction

Rheumatoid arthritis (RA) is a systemic autoimmune disorder which leads to chronic inflammation in joints, subsequent destruction of
cartilage and erosion of the bone in the affected joint (Nawata et al., 2008; Gabriel et al., 2003; Sokolowska et al., 2015), affecting up to 1% of
the adult population (Silman et al., 2002). Traditionally, the treatment of RA is based upon disease-modifying anti-rheumatic drugs,

corticosteroid, and nonsteroidal anti-inflammatory drugs, which slow down joint damage and reduce joint swelling and pain (Hochberg et al.,
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2012; Jordan et al., 2003; NICE clinical guideline, 2012). However, the side effects of these drugs are often deleterious, which include

gastrointestinal irritation, cardiovascular problems, drug dependency and so on (Scheiman, 2001).

The limited efficacy and severe adverse effects of conventionally used drugs for RA often cause patients to turn towards complementary
therapies and hope such treatment might improve their symptoms. Acupuncture is emerging as adjunct therapy for the symptomatic treatment of
RA (Casimiro et al., 2002). Moxibustion, as a kind of external therapy based on the theory of traditional Chinese medicine (TCM), has also
frequently been used as an effective treatment for a great range of diseases like RA (Camp, 1998) and knee osteoarthritis (Lee et al., 2013). A
systematic review on moxibustion for rheumatic conditions showed various kinds of moxibustion such as Aconitum carmichaeli-cake-separated
moxibustion (ACCS-moxi), ginger-separated moxibustion and other herbal-cake-separated moxibustion on the treatment of RA (Choi et al.,
2011). Studies proved that pro-inflammatory cytokines, especially TNF-a, IL-15, and 1L-6 are expressed at higher levels in rheumatoid joints,
which might be related to the mechanisms of inflammatory response (Begley et al., 1999; Tran et al., 2005). Yang HQ found that
ginger-separated moxibustion interventions could reduce inflammatory reactions of the knee-joint and suppress inflammatory cytokine IL-1 and
TNF-a levels of the synovial fluid in RA rabbits (Yang et al., 2013).

Zanthoxylum bungeanum-cake-separated moxibustion (ZBCS-moxi), as one of the treatment of Chinese traditional medicine, was
originated from more than one thousand years ago in 340 B.C. It has been documented in Zhou Hou Bei Ji Fang that ZBCS-moxi can be applied
to treat different kinds of pain diseases. However, whether it can generate anti-inflammatory effect or not on RA, and if so, whether it has similar
effect to ACCS-moxi, has still remained unclear. Therefore, we designed following animal experiment and anticipated it would work on RA

animal model.

Materials and Methods
Animals

Female Sprague-Dawley rats weighing 180 g-220 g were purchased from Experimental Animal Center of Chengdu University of
Traditional Chinese Medicine. All rats were acclimatized to standard laboratory conditions (at 25+2°C, 65%+5% humidity, and under
pathogen-free conditions on a 12/12 h light-dark cycles) with drinking water and food available ad libitum. Rats were randomly divided into 4
groups: control group, model group, Zanthoxylum bungeanum-cake-seperated moxibustion group (ZBCS-moxi group), and Aconitum
carmichaeli-cake- separated moxibustion group (ACCS-moxi group (n=10/group). Control group only received saline injection; Model group
was administered Freund’s complete adjuvant (CFA) injection; ZBCS-moxi group and ACCS-moxi group were treated by Zanthoxylum
bungeanum-cake-separated moxibustion and Aconitum carmichaeli-cake-separated moxibustion respectively; beyond they were injected CFA.
All experimental manipulations were undertaken in accordance with the National Institutes of Health Guide for the Care and Use of Laboratory

Animals.

Induction of Arthritis by CFA

Rats in model, ZBCS-moxi and ACCS-moxi groups received an injection of 0.1 ml CFA (Sigma, St. Louis, MO, USA) in the right hind

paw (Chillingworth et al., 2003; Heilborn et al., 2007), while the rats in control group were injected 0.1 ml saline in the same position.

Moxibustion Treatment

Eleven days after CFA injection, moxibustion treatment was performed on “Shenshu” (BL23), “Zusanli” (ST36) acupoints and the dorsum
of swollen paw (the dorsum of right hind paw). BL23 is located in the lower border of the 2" lumbar vertebra; ST36 is about 5 mm inferior to
the capitulum fibulae and posterior-lateral to the hind limb knee joint (Yin et al., 2008). In ZBCS-moxi group, Zanthoxylum bungeanum cake
was placed on each of the three points. A moxa-cone, which is the cone-shaped moxa wool of an apparatus-made product, was put on the cake
(as shown in Figure 1), ignited from its top, moved away until it burned out, and then replaced by another new moxa-cone until the completion

of 3 cones (Yang et al., 2013). The ACCS-moxi group received Aconitum carmichaeli-cake-separated moxibustion, as the same procedures
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above. The moxibustion groups were lasted for 3 weeks (once daily, 6 treatment days per week). Additionally, the rats without receiving

moxibustion stimulations in control and model groups were restricted for the same time in the same approach as the treated groups.

Figure 1: The points of rats where BL23, ST36 located, the central dorsum of injected hindpaw, the shape and size of moxa-cone, Zanthoxylum

bungeanum cake or Aconitum carmichaeli cake are shown above.

Measurement of Paw Volume

The paw volumes of injected hind limbs were measured in all groups before CFA or saline injection, before and after treatments, using a
plethysmometer. The plethysmometer consists of 2 vertical interconnected water-filled Perspex cells with precise calibration, the smaller one is
used to measure volume displacement produced by dipping the rat's paw into the larger one. The mean values were calculated and plotted at each
time point. All evaluations were performed by the same investigators throughout the study.

ELISA for IL-1p and TNF-a

Blood samples were collected from the femoral artery after all treatments were finished. The blood samples were centrifuged for 10 mins
at 3000 rpm and 4 °C. The supernatant was kept at -80°C before ELISA. The levels of pro-inflammatory cytokines IL-15 and TNF-o were

measured by ELISA (Neobioscience Technology Company) according to the manufacture's protocols.

Figure 2: Representative photographs of right hind paw from control group, model group, ACCS-moxi group, and ZBCS-moxi group after

3-week treatment.
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H&E Staining

After treatment for 3 weeks, synovial membranes were removed from each knee joints of the injected paws for histological observation,
fixed with 4% paraformaldehyde in phosphate buffer saline (PBS, pH 7.4). The paraffin-embedded samples were cut into 4 um sections, and
stained with haematoxylin and eosin (H&E). The pathological examinations were performed by the same investigators using microscope (DP72

Olympus, Co., Ltd., Japan).

Statistical Analysis

The results were analyzed using the Statistical Package for the Social Sciences 19.0 software (SPSS, Chicago, IL, USA). The data were
presented as mean+SD. Two-way ANOVA followed by Dunnett's post hoc test was used for determining the significant differences between the

various groups. A level of P<0.05 was considered significant.

Results
Reduction of Paw Volume

We observed that the paw swelling of injected rats in ZBCS-moxi and ACCS-moxi groups was alleviated after treatments (Figure 2). We
measured the paw volumes to assess the arthritic progression of CFA-induced arthritis. The paw volumes in control group nearly didn't display
any changes as time went on, while the average of paw volume in model group was increased gradually (**P<0.01, compared with control group,
Figure 3). The paw volumes of right hind limb were significantly increased in CFA-induced rats of ACCS-moxi group and ZBCS-moxi group,
compared with control group before treatment (**P<0.01, Figure 3). The rats treated by Zanthoxylum bungeanum-cake-separated and Aconitum
carmichaeli-cake-separated moxibustion displayed slight decrease of injected paws after treatment for one week. The paw volumes of
CFA-induced rats in treated group appeared an interesting inhibition after treatment for 2 weeks, but no significant differences appeared when
compared with the untreated arthritic rats. After treatment for 3 weeks, both ZBCS-moxi group and ACCS-moxi group demonstrated a clear

evidence of reduction of paw swelling, showing a statistically significant attenuation (**P<0.01, Figure 3).

Figure 3: Effect of moxibustion on the swelling paw in CFA-induced arthritis rats. Both ACCS-moxi group and ZBCS-moxi group
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demonstrated a clear evidence of reduction of paw volume after 3-week treatment (**P<0.01, compared with model group).

Inhibition of Synovial Hyperplasia

The sections of control group, in which rats were injected with saline, revealed little or no signs of inflammation, no synovial hyperplasia
(Figure 4, control). And those in model group, the rats injected with CFA without any treatment, displayed notable synovial hyperplasia,
apparent pannus formation and massive accumulation of inflammatory substances (Figure 4, model). After a 3-week treatment, the synovial
membrane of rats in ACCS-moxi and ZBCS-moxi groups revealed mild inhibition of inflammation, synovial hyperplasia or pannus formation in

comparison to arthritic rats (Figure 4, ACCS-moxi, ZBCS-moxi).

Figure 4: H&E staining of Synovial Membrane. Control group: note normal organization, lack of inflammatory cell infiltration. Model group:
notable synovial hyperplasia, apparent pannus formation, massive accumulation of inflammatory cells. ACCS-moxi group and ZBCS-moxi

group: mild inhibition of inflammation, synovial hyperplasia or pannus formation.

Suppression of IL-1p and TNF-a in Serum

The model group indicated a significant increase in IL-15 release in comparison with the control group (**P<0.01, Figure 5). Both
ACCS-moxi group and ZBCS-moxi group produced a significant reduction of IL-1p than that in those models (**P<0.01, Figure 5).
Accompanying with the suppression of IL-18, the levels of TNF-a were measured (Figure 5). Increased levels of TNF-a in model group respect
to control group were observed (**P<0.01, Figure 5). The Zanthoxylum bungeanum-cake-separated moxibustion in ZBCS-moxi group was able
to reduce TNF-a levels (**P<0.05), as well as the ACCS-moxi group (*P<0.05). No significant differences appeared in the concentration of

IL-1 and TNF-a between the two groups.
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Figure 5: Effect of moxibustion on the levels of serum IL-18 and TNF-« in CFA-induced arthritis rats. **P<0.01, *P<0.05, as compared with

the other group. No statistical differences between ACCS-moxi group and ZBCS-moxi.

Discussion

To our knowledge, this study is the first attempt to assess the anti-inflammatory effects of ZBCS-moxi on CFA rat models. In this research,
the results indicated that ZBCS-moxi could significantly suppress the paw swelling, inhibit synovial hyperplasia and reduce the levels of IL-15
and TNF-a in serum and has similar effect to ACCS-moxi. It suggested that ZBCS-moxi would be supposed to be adopted to treat RA in clinic
like other types of moxibustion, such as ginger-separated moxibustion (Xie et al., 2008; Shen, 2001), and Aconitum carmichaeli-cake-separated
moxibustion (Sun et al., 2008; Li et al., 2006), which were demonstrated to be effective for treating rheumatic symptoms.

The ZBCS-moxi is a kind of special traditional moxibustion, which uses the heat generated by burning herbal preparations containing
Artemisia vulgaris to stimulate acupoints (Choi et al., 2011). Zanthoxylum bungeanum, also known as Pepper, is a traditional Chinese herb,
which is prescribed to treat inflammatory disorders in previous studies (Yang et al., 2007; Yang et al., 2013). Previous phytochemical
investigations have revealed piperine, a main component in Zanthoxylum bungeanum, has demonstrated its anti-inflammatory and
immuno-modulatory activities (Sunila et al., 2004; Pathak et al., 2007; Kim et al., 2009; Kumar et al., 2007). Our results showed that
ZBCS-moxi treatment could obviously suppress the paw inflammation associated with the disease, inhibit synovial hyperplasia and demonstrate
a significant drop in the levels of IL-1 and TNF-« that played a decisive role in the progression of RA (Qi et al., 2014; Gravallese et al., 2000;
Sakthiswary et al., 2013), and that was in accord with previous researches about moxibustion (Yang et al., 2013).

In previous researches, most of moxibustion studies focused on ginger-separated moxibustion and ACCS-moxi (Shen, 2001; Sun et al.,
2008; Li et al., 2006), while ZBCS-moxi, as one of the traditional moxibustion, could not get enough attention. According to this study, it shows
that the anti-inflammatory influences of ZBCS-moxi cannot be ignored. In this study, we took the ACCS-moxi, which was a frequently-used
therapeutic measure of rheumatic arthritis, as the positive control group, and the similar anti-inflammatory effect was found between
ZBCS-moxi and ACCS-moxi. However, that whether ZBCS-moxi or ACCS-moxi would produce better effect on RA than moxibustion without
Zanthoxylum bungeanum-cake or Aconitum carmichaeli-cake is waiting for providing evidences in future work.

In conclusion, we investigated the anti-inflammatory effect of ZBCS-moxi on rheumatoid arthritis rats for the first time and found that
ZBCS-moxi could decrease the paw swelling and inhibit the expression of IL-18 and TNF-a in RA rats, which might contribute to its
anti-inflammatory effect on RA. Our results indicated that ZBCS-moxi is effective in improving the symptoms of RA rats through suppressing
the expression of cytokines, which could be used as an alternative therapy and this study provides an experimental basis for the clinical

application of Zanthoxylum bungeanum-cake-insulated moxibustion.
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