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Abstract [ Objectives ]| To investigate the anti-inflammatory effect of Embelia parviflora Wall. polysaccharide on rheumatoid arthritis (RA)
in rats. [ Methods | RA rat model was induced by type II collagen. After successful modeling, the rats were divided into model group, positive
group, low, medium and high dose of E. parviflora Wall. polysaccharide groups, and normal control group. Body mass, toe volume and arthri-
tis index were measured, and thymus index and spleen index were calculated. The levels of interleukin-1@, interleukin-6 and tumor necrosis
factor-a in serum and synovial tissue of ankle joint were detected by ELISA. [ Results ] Compared with the normal control group, the patholog-
ical changes such as synovial hyperplasia and unclear layer were observed in the model group, the body mass was decreased (P <0.05), the
toe volume, arthritis index, thymus and spleen index were increased (P <0.05) , and the levels of IL-13, IL-6 and TNF-a in serum and ankle
synovial tissue were increased (P <0.05). Compared with the model group, the histopathological changes in synovium of ankle joint in the
positive group and the medium and high dose groups of E. parviflora Wall. polysaccharide were significantly improved, and the body mass was
increased (P <0.05). The toe volume, arthritis index, thymus index and spleen index were decreased (P <0.05). The levels of IL-Ig, IL-6
and TNF-a in serum and synovial tissue of ankle joint were increased (P <0.05) , while there was no significant difference between the low
dose group of E. parviflora Wall. polysaccharide and the model group (P >0.05). [ Conclusions] E. parviflora Wall. polysaccharide can re-
duce the body’s inflammatory response and improve RA, which may be related to the inhibition of the activation of inflammatory cytokines

IL-18, IL-6 and TNF-a.
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1 Introduction

Rheumatoid arthritis (RA) is a chronic, progressive autoimmune
disease that primarily affects the joints, but may also affect multi-
ple systems throughout the body""’. RA is mainly characterized by
symmetrical arthritis, often accompanied by joint swelling and
morning stiffness’”’ , and it can induce the activation of inflamma-
RA is
prevalent worldwide and affects people of all ages'*’ . Embelia par-

tory factors and the polarization of tissue macrophages .

viflora Wall. is the dry ground part of the Embelia parviflora
Wall. of Dangguiteng of Myrsinaceae, also known as Xiaohua Su-
antengzi, Daliwang, etc. E. parviflora Wall. has the functions of
relaxing muscles and tendons, activating collaterals, eliminating
dampness and relieving pain. E. parviflora Wall. contains sugars,
glycosides, flavonoids, saponins, organic acids, etc. °~*'. Poly-

saccharides have anti-inflammatory, antioxidant, anticoagulant,
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and tumor cell growth inhibitory effects” ™", E. parviflora Wall.
polysaccharide may improve RA by inhibiting the expression of in-
flammatory cytokines, but the specific role of E. parviflora Wall.
polysaccharide in the process of RA has not been reported. There-
fore, we intended to establish a rat model of RA and explore the
effect of E. parviflora Wall. polysaccharide on RA and its possible

mechanism.

2 Materials and methods

2.1 Materials

2.1.1 Experimental animals. Sixty male SD rats of SPF grade,
aged 8 weeks and weighing 300 —350 g, were provided by the La-
boratory Animal Center of Guangxi Medical University, with the
animal production license number of SCXK Gui 2014-0002. Before
the experiment, the rats were adaptively fed in a clean animal
room for one week at an ambient temperature of (25 +2) °C and a
humidity of about 65% . During the experiment, the rats were fed
freely with standard rodent feed and purified water in strict accord-
ance with the requirements of laboratory animal ethics.

2.1.2 Main reagents and instruments. Bovine type II collagen
was purchased from American Chondrex Company. Complete
Freund’s adjuvant ( CFA) and incomplete Freund’s adjuvant
(IFA) were purchased from American Sigma Company. Triptery-
gium glycosides tablets were purchased from Zhejiang DND Phar-
maceutical Co. , Ltd. HE staining kit was purchased from Beijing
Solarbio Science & Technology Co. , Lid. Rat interleukin-6 (1L-6),
interleukin-18 (IL-18) and tumor necrosis factor-a ( TNF-o)
ELISA kits were purchased from Shanghai Jonln Biotechnology
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Co. , Ltd. Automatic microplate reader was provided by American
Thermo Fisher Scientific.

2.2 Methods

2.2.1 Animal model preparation and grouping. The rat model of
RA was induced by type II collagen. The specific operation is as
follows: Acetic acid was used as a solvent, bovine type II collagen
was prepared into a solution with a concentration of 2 mg/mlL, and
the solution was mixed with CFA at a ratio of 1 : 1 to prepare
emulsion I, and is mixed with IFA at a ratio of 1 : 1 to prepare
emulsion II. On the first day, 0.1 mL of emulsion I was injected
subcutaneously into the root of the tail of rats, and on the seventh
day, 0.1 mL of emulsion II was injected subcutaneously into the
root of the tail of rats. Two weeks after modeling, the hind toes of
the rats were red and swollen, and the volume of the ankle joint
increased significantly, suggesting that the modeling was success-
ful. Successfully modeled rats were randomly divided into model
group, positive group, E. parviflora Wall. polysaccharide low,
medium and high dose groups, and normal control group, with 12
rats in each group'"’. After grouping, the positive group was giv-
en 6.25 mg/kg'” tripterygium glycosides tablets by gavage. The
rats in the low, medium and high dose groups of E. parviflora
Wall. polysaccharide were given E. parviflora Wall. polysaccha-
ride at the doses of 75, 150 and 300 mg/kg, respectively. The
normal control group and the model group were given the same
amount of saline by gavage, once a day for 4 weeks.

2.2.2 Body mass measurement. The body mass of rats in each
group was measured every 7 d from the second immunization ( day
0 of drug intervention).

2.2.3 Toe swelling test. The water volume method was used to
measure the right hindfoot volume of rats in each group every 7 d
from the second immunization (day O of drug intervention).
2.2.4 Arthritis index detection. The arthritis index of rats in
each group was observed and calculated every 7 d from the second

immunization ( day O of drug intervention) by 5-grade scoring

Table 1 Comparison of body mass of rats in each group (x +s, g, n=12)

method'"”'. The sum of all arthritis indexes of rats was the arthritis
index value of each rat, and the highest score was 16 points.
2.2.5 Thymus and spleen index detection. Took the spleen and
thymus tissue, removed the fat, absorbed the liquid on the surface
with filter paper and weighed it accurately, and calculated the pro-
portion of it to the body mass (mg/g).

2.2.6 HE staining. The synovial tissue of ankle joint was taken
and fixed in 4% paraformaldehyde for 24 h, and then dehydrated
by gradient ethanol, cleared by xylene, immersed in liquid paraf-
fin, and embedded in paraffin. After that, continuous 5 pm sec-
tions were made and stained by HE, and observed under the opti-
cal microscope.

2.2.7 ELISA detection. Ankle joint synovial tissue homogenate
and abdominal aorta whole blood were centrifuged at 3 000 r/min
for 15 min at 4 °C, and the supernatant and serum were extracted
separately. According to the instructions of the kit, the levels of
inflammatory factors IL-18, IL-6 and TNF-a in serum and ankle
joint synovial tissue of rats in each group were detected.

2.2.8 Statistical processing. SPSS 22.0 statistical software was
used for data analysis, and the results were expressed as x * s.
One-way ANOVA was used to compare the data between groups,
and LSD-t method was used to compare the data between
groups. When P <0.05, it means the difference was statistically

significant.

3 Results and analysis

3.1 Comparison of body mass of rats in each group Com-
pared with the normal control group, the body mass of rats in the
model group decreased (P <0.05). Compared with the model
group, the body mass of rats in the positive drug group, medium
and high dose groups of E. parviflora Wall. polysaccharide in-
creased after one week of treatment (P <0.05), and there was no
significant difference in the low dose group of E. parviflora Wall.
polysaccharide (P >0.05), as shown in Table 1.

Group 0d 7d 14 d 21 d 28 d
Normal control 335.2£7.58 360.1 +11.06 397.1+£10.32 430.8 +12.46 458.3 +13.08
Model 254.7 +8.13" 275.4 +8.02" 298.3+7.25" 331.9+10.50 " 353.9 +8.57"
Positive 284.1 £8.26 305.9 +7.25% 351.9 +8.63* 380.3 +9.72* 420.3 +12.21*
A 259.3 £7.02 281.9 +6.85 304.8 £9.52 339.5 +10.18 350.6 +11.93
B 274.2 £6.92 305.7 +8.41 325.5+7.34 370.2 +£10.51 389.5+11.84
C 298.1 +10.15* 330.6 +9.62* 360.7 £9.50* 395.8 +11.92* 435.1 £12.86"

NOTE A, B, and C are low, medium and high dose groups of E. parviflora Wall. polysaccharide; compared with the normal control group, *P <0.05,
** P <0.01; compared with the model group, *P <0.05, #P <0.01, the same below.

3.2 Comparison of toe swelling degree of rats in each group
Compared with the normal control group, the degree of toe swelling
in the model group was increased (P <0.05) ; compared with the
model group, the toe swelling degree of rats in the positive drug
group and the medium and high dose groups of E. parviflora Wall.

polysaccharide decreased after one week of treatment (P <0.05),
while there was no significant difference in the low dose group
of E. parviflora Wall. polysaccharide (P >0.05), as shown in
Table 2.
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Table 2 Comparison of toe swelling degree of rats in each group (x +s, mm, n=12)

Group 0d 7d 14 d 21 d 28 d
Normal control 1.28 +0.32" 1.33 £0.28" 1.39 +0.31% 1.45 +0.40" 1.53 +0.61%
Model 5.17+2.05** 4.98+1.62"" 4.85+1.54"~ 4.72+1.51** 4.59+1.18"*
Positive 4.21£1.16* 3.57£1.34** 2.91 £1.60* 2.35+1.12* 1.78 +0.82*
A 4.81£1.02" 4.73£1.82" 4.61+1.50" 4.45+1.21" 4.19+1.65"
B 4.73£1.52" 3.82+1.40** 3.21+1.10** 2.43 £0.81% 1.84 +0.76*
C 4.52+1.36"* 3.63+1.60"" 3.05 +0.62 *# 2.23 +0.95% 1.61 +0.82%

3.3 Comparison of arthritis index of rats in each group

Compared with the normal control group, the arthritis index of the
model group increased (P < 0.05); compared with the model
group, the arthritis index of rats in the positive drug group and the

medium and high dose groups of E. parviflora Wall. polysaccha-
ride decreased after one week of treatment (P < 0.05), while
there was no significant difference in the low dose group of E. par-

viflora Wall. polysaccharide (P >0.05), as shown in Table 3.

Table 3 Comparison of arthritis index of rats in each group (x +s, points, n =12)

Group 0d 7d 14 d 21 d 28 d
Normal control 0.00 +0.00 0.00 +0.00 0.00 +0.00 0.00 +0.00 0.00 +0.00
Model 15.82 £3.16 " 13.65 £2.64"* 12.71 £2.50* 10.15+3.06 " 8.77+1.83**
Positive 13.16 £4.10 9.02+2.31** 6.43 +1.60** 3.55 £1.32% 2.42 +1.54%
A 14.09 +3.72* 12.86 £3.60 * 11.92 +3.51 * 9.08 +2.27"* 8.12+2.53*
B 13.32 +3.30 %% 12.21 £2.42%* 11.35 +3.06 ** 8.47 £2.61** 7.01 £2.42*
C 12.03 +3.31 ** 9.37 £2.69** 6.83 £2.25** 3.72 £0.92% 1.46 +0.65%

3.4 Comparison of thymus and spleen indexes of rats in each
group Compared with the normal control group, the thymus and
spleen indexes in the model group were increased (P <0.05);
compared with the model group, the thymus and spleen indexes in
the positive drug group and the medium and high dose groups of
E. parviflora Wall. polysaccharide decreased after one week of
treatment (P <0.05) , while there was no significant difference in
the low dose group of E. parviflora Wall. polysaccharide (P >0.05),
as shown in Table 4.

Table 4 Comparison of thymus and spleen indexes of rats in each group

(x s, mg/g)
Group Thymus index Spleen index
Normal control 0.92 +0.06* 2.18 £0.71*
Model 1.80 +0.16" 3.94+0.52*
Positive 1.03 £0.10* 2.26 £0.32*
A 1.65 +0.43 3.75+1.45"
B 1.43 £0.65" 3.58 +1.02 %%
C 1.05 £0.26* 3.21£0.76**

3.5 Histopathological changes of synovium of ankle joint in
rats of each group In the normal control group, the structure of
synovial tissue was normal, and there was no hyperplasia on the
surface of synovial tissue. The synovial tissue of rats in the model
group and the low dose group proliferated, with unclear layers and
a large number of inflammatory cell infiltration. The proliferation
of synovial tissue and the infiltration of inflammatory cells were sig-
nificantly improved in the positive drug group and the medium and
high dose groups of E. parviflora Wall. polysaccharide.

3.6 Levels of IL-1B, IL-6 and TNF-« in serum and synovial
tissue of ankle joint of rats in each group Compared with the
normal control group, the levels of IL-18, IL-6 and TNF-q in ser-
um and synovial tissue of ankle joint in the model group were in-
creased (P <0.05). Compared with the model group, the levels
of IL-1B3, IL-6 and TNF-a in serum and ankle joint synovial tissue
of rats in the positive drug group, medium and high dose groups of
E. parviflora Wall. polysaccharide were decreased (P <0.05),
while there was no significant difference in the low dose group of

E. parviflora Wall. polysaccharide (P >0.05), as shown in Table 5.

Table 5 Levels of IL-13, IL-6 and TNF-q in serum and synovial tissue of ankle joint of rats in each group (x +s, ng/L, n=12)

Group Serum Synovial tissue of ankle joint

IL-18 L6 TNF-a IL-1B L6 TNF-a
Normal control 42.08 £4.55 28.16 +3.50 83.20 +5.39 64.31 £6.42 41.37 £5.12 59.83 +6.11
Model 118.25 +8.41* * 79.12£7.20" " 221.73 £15.20**  301.05+15.10"*  135.72+8.91** 186.95 +12.73 * *
Positive 54.83 +6.20% 41.25 +4.13* 111.30 £10.27% 94.05 +5.62* 69.02 +7.26* 78.25 +5.30%
A 105.12 £9.75 70.02 £6.40 203.16 £10.31 295.18 £11.37 134.02 £8.92 175.11 £9.83
B 86.32 +7.05% 56.07 +5.80% 167.13 +8.36" 221.07 £10.25* 110.05 +9. 16" 139.80 +8.21"
C 48.98 +5.12% 28.19 +4.21% 96.85 +7.82% 78.37 £6.50% 53.42 +4.21* 84.29 +5.06"
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4 Discussion

In this study, RA rat model was established by type II collagen in-
duction. We found that after administration of E. parviflora Wall.
polysaccharide, the body mass of RA rats was significantly higher
than that of the model group, the toe swelling and arthritis index
were significantly reduced, and the synovial tissue structure of an-
kle joint tended to be normal, suggesting that E. parviflora Wall.
polysaccharide can protect the synovial tissue of rat joint and im-
prove RA.

Spleen and thymus are important immune organs in the body.
Thymus index and spleen index can reflect the immune level and
state of the body to a certain extent. The experimental results
showed that the thymus index and spleen index in the model group
were significantly higher than those in the normal control group,
indicating the activation of the immune system in RA rats, the
changes in local antigens, and the release of inflammatory factors
in synovial tissue, leading to the occurrence of synovial inflamma-
tion. IL-1P is an osteoclast activating factor, and it is often syn-
thesized and secreted simultaneously with TNF-« to destroy articu-

lar cartilage and cause joint injury' "’

. IL-6 is an important pro-in-
flammatory factor, and it is involved in a variety of human inflam-
matory reactions and diseases, and also promotes the proliferation
and differentiation of immune cells'™*. TL-1, IL-6 and TNF-«
stimulate chondrocytes and synoviocytes to secrete collagenase and
other substances, destroy the surrounding environment of chondro-
cytes, and are the main inflammatory mediators in RA"”". The re-
sults showed that the levels of IL-1B, IL-6 and TNF-a in serum
and ankle synovial tissue of RA rats in the model group were sig-
nificantly higher than those in the normal control group. After ad-
ministration of E. parviflora Wall. polysaccharide, the levels of
IL-1B8, IL-6 and TNF-a were significantly decreased, and the thy-
mus index and spleen index were significantly decreased, which
indicated that E. parviflora Wall. polysaccharide canreduce the
inflammatory response in RA rats by regulating the immune level.
In summary, E. parviflora Wall. polysaccharide can play a thera-
peutic and protective role in RA rats by reducing the body’s inflam-

matory response.
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