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Abstract

[ Objectives ] To study the protective effect and mechanism of n-butanol extract of Diploclisia glaucescens (B1. ) Diels on rats with

adjuvant arthritis. [ Methods] A rat adjuvant arthritis (AA) model with similarities to a clinical RA (rheumatoid arthritis) patient was used,
and the model was made by injection of Complete Freund’s adjuvant (CFA). Body mass and joint swelling degree were used as indicators, and

the organ index was calculated and the synovial tissue of rats was examined under microscope to evaluate the protective effect of n-butanol ex-
tract on arthritis. The effects of n-butanol extract on TNF-o, IL-18 and PGE, contents in rat serum were detected by ELISA kit. [ Results ]
Arthritic rats experienced significant weight loss; the n-butanol extract reduced the joint swelling in rats. It exerted an effect on rat organs and
reduced the contents of TNF-o, IL-18 and PGE, in rat serum, and also reduced synovial inflammation in rats. [ Conclusions ] The n-butanol
extract of D. glaucescens can protect rats with adjuvant arthritis by reducing the content of inflammatory factors.
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1 Introduction

Diploclisia glaucescens (B1.) Diels belongs to Diploclisia in family
Menispermaceae. It mainly grows in the south and southwest of
China. It is cold in nature and bitter in taste. It belongs to the liv-
er, spleen, kidney meridian; It is commonly used in the treatment
of rheumatic bone pain, urinary tract infection, snakebite and other

[1-

diseases'' ). At present, the report of D. glaucescens only stays in

the study of chemical composition”” ™ | and the activity of pharma-
cology is rarely reported. Studies have shown that plants in this fam-
ily contain alkaloids and have good anti-inflammatory and analgesic
effects” . Previously, our team used three anti-inflammatory mod-
els to evaluate the anti-inflammatory effects of different extracts of
D. glaucescens. Through experimental screening, D. glaucescens
n-butanol extract was selected as a site with good anti-inflammatory
and analgesic effect, and it was speculated that D. glaucescens
n-butanol extract contained potential anti-inflammatory active com-
ponents. Therefore, we used the rat AA (adjuvant arthritis) model
with similarity to clinical RA (rheumatoid arthritis) patients to in-
vestigate the efficacy of D. glaucescens extracts in the treatment of
arthritis, and further elucidate the efficacy and clinical application

of D. glaucescens in the treatment of arthritis.

2 Materials and methods
2.1 Materials
2.1.1 Drugs and reagents. D. glaucescens was collected in

Laibin City of Guangxi and identified by associate professor Guo
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Min from Guangxi University of Chinese Medicine as dried canes
of Diploclisia glaucescens (B1.) Diels. Tripterygium Glycosides
Tablets ( Grand Pharmaceutical Huangshi Feiyun Pharmaceutical
Co. , Ltd. , batch No. ;20200401 ) ; Complete Freund’s adjuvant
(CFA, Sigma, Batch No.: SLBKI1731V ); formalin fixative
( Guangzhou WEXIS Biotechnology Co., Ltd., batch No. :
19050503 ) ; ETDA decalcification solution ( Beijing Solarbio
Technology Co. , Lid. , batch No. :20201119) ; TNF-o kit ( Bei-
jing Chenglin Biotechnology Co. , Ltd. , No. :202011) ; IL-1B kit
(Beijing Chenglin Biotechnology Co. , Ltd. , batch No. 202011),
PGE, kit (Beijing Chenglin Biotechnology Co. , Ltd. , batch No. .
202011).

2.1.2 Experimental animals. Kunming SD rats of clean grade,
weighing 180 —220 g, were purchased from Hunan SJA Laboratory
Animal Co. , Ltd. , with the animal production license number of
SCXK ( Xiang) 2019-0004. Animal feeding environment; clean
animal room, room temperature of (25 +1) °C, humidity of about
65% , artificial photoperiod of 12 h of light and 12 h of darkness.
The rats were fed with standard rodent feed, drinking water was
ultrapure water, and the rats were fed freely, adaptive feeding for
7 d before the experiment.

2.1.3 Experimental instruments. Thermo scientific microplate
reader (Shanghai Kehua Laboratory System Co. , Ltd. ); 0 — 150
mm digital vernier caliper ( Shanghai Nine Quantity Hardware
Tools Co. , Ltd. ) ; BX53F microscope ( Olympus Corporation ) ;
Constant temperature water bath ( HWS26, Shanghai Baidian In-
strument Equipment Co., ILid.); electronic analytical balance
(EL204, Mettler-Toledo Instruments ( Shanghai) Co. , Ltd. ) ; pi-
pette ( Eppendorf Research plus, Eppendorf, Germany).

2.2 Methods

2.2.1 Preparation of test product. Took the dried old stem of
D. glaucescens, crushed it, took a proper amount of coarse pow-
der, put it into a round bottom flask, added 95% ethanol to soak
it for 12 h according to the liquid-to-solid ratio of 1 : 10, heated
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and refluxed it for 3 times, 2 h each time, filtered it with 8 layers
of gauze, and combined the filtrates. The filtrate was concentrated
to a thick paste with a rotary evaporator, and the thick paste was
dried with a freezer to obtain alcohol extracts. The alcohol extract
was heated with pure water to dissolve the concentrated drug into a
suspension, first with petroleum ether (60 =90 °C) to extract col-
orless, then with ethyl acetate to be colorless, and finally saturat-
ed with water n-butanol solvent to extract to colorless. The extract
was concentrated into a thick paste by rotary evaporator, and the
thick paste was dried in a freezer to obtain n-butanol extract ( the
paste yield was 3.57% ). Using different extracts and dosages to
refer to acute toxicity and pre-experimental results, the extracts of
different extracts were dissolved with 0.5% sodium carboxymeth-
yleellulose , and the positive drug triptolide polyglycoside tablets"*’
(9 mg/kg) n-butanol extract was separately formulated with high
(0.11 crude drug g/kg) , medium (0.22 crude drug g/kg) , and
low (0.44 crude drug g/kg) mass concentration liquid.

2.2.2 Animal modeling, grouping and administration. Referring

=17 70 male SD rats were se-

to the classical modeling method'
lected as above. After 7 d of adaptive feeding, 1 mg/ml Complete
Freund’s adjuvant (CFA) 0.2 mL was injected into the right hind
foot of each rat to induce inflammation. Seven days after model-
ing, the rats were divided into 5 groups according to the degree of
joint swelling, namely the model group, the positive group and the
high, medium and low dose groups of Tripterygium glycosides tab-
lets n-butanol extract, with 10 animals in each group, and another
10 male rats without modeling treatment were taken as the blank
control group, and the blank control group was injected with nor-
mal saline. On the day of grouping, the rats in each group were
given the corresponding drugs by intragastric administration, while
the rats in the control group and the model group were given 0. 5%
sodium carboxymethylcellulose by intragastric administration at a
volume of 10 mL/kg once a day for 30 consecutive d.
2.2.3 Indicator detection. Measurement of body mass: The body
mass of rats in each group was measured on day 0, 7, 14, 28 and
42 after modeling, and the changes of whole body and body mass
of rats were observed. Joint swelling measurement: The ankle di-
ameter of each group of rats was detected with vernier calipers on
the 0" d before modeling and the 1", 7", 14" | 21* and 30" d be-
fore administration, and the joint swelling degree was calculated.
Joint swelling = Joint diameter after administration — Joint di-
ameter before modeling.
2.2.4 Collection and handling of samples. On the 31" day after

administration, the rats were anesthetized by intraperitoneal injec-

Table 1 Effect on body mass of rats with arthritis ( x +s, n=10, g)

tion of 10% chloral hydrate, and blood was collected from the ab-
dominal aorta. Before blood collection, the rats were fasted for
12 h without water. The blood was naturally coagulated at room
temperature for 30 min. The blood was centrifuged at 2 500 rpm
for 20 min, and then the upper serum was taken. The levels of
TNF-a, IL-1B and PGE, in serum were detected. After the ani-
mals were sacrificed, the liver, kidney, spleen and thymus of the
rats were stripped, washed with normal saline and weighed, and
the organ index was calculated (Organ index = Organ wet mass/
Body mass). The ankle joints of rats were cleaned with normal sa-
line and fixed in 10% formalin fixative for 7 d, and then moved
into 10% EDTA decalcification solution for decalcification treat-
ment for 30 d, and the decalicification solution was changed at an
interval of 4 d. When the bone was easily penetrated by acupunc-
ture without resistance, the decalicification was stopped, and he
staining was carried out for microscopic examination. The his-
topathological changes of synovium were observed under micro-
scope.

2.3 Statistical processing method SPSS 21. 0 statistical soft-
ware was used to analyze the experimental data, and independent
sample ¢ test was used to analyze the measurement data, and the
results were expressed as x +s. There was significant difference
when P <0.05 and extremely significant difference when P <0.01.

3 Results and analysis

3.1 Observation of general symptoms in rats Before model-
ing, the rats were in good condition, with normal activities, drink-
ing and eating, shiny fur and light yellow urine. After modeling,
except for the normal group, the activity of rats in the other groups
decreased significantly, the amount of drinking and eating de-
creased significantly, the color of fur lacked luster, and there was
diarrhea, which was the most serious in the model group, and
there was no significant difference in urine color between the rats
in each group and the normal group.

3.2 Effect on body mass of rats Before modeling, there was
no significant difference in the body weight of each group. After
modeling, the body mass of rats in the positive group and the mod-
el group was significantly lower than that in the normal group.
From the 28" day, the body mass of rats in the model group de-
creased with the severity of inflammation. The body mass of rats in
the model group was significantly lower than that in the normal
group due to inflammation, and there was no significant difference

in body weight among other groups (Table 1).

Group 0" day 7" day 14" day 28" day 42" day
Blank control 225.97 £9.96 273.46 £11.00 301.42 +18.46 310.20 £27.60 358.33 £33.99
Model control 224.97 +9.54 259.76 £11.44~ 281.85 £19.81 306.55 £20.60 311.61 £26.33"

Positive
High dose
Medium dose

Low dose

231.26 +11.73
225.55 £15.21
227.01 +12.38
238.67 £15.20

261.62 +13.20
273.06 +20.46
271.87 +13.20
278.34 +14.25%

296.05 £17.43
294.35 £23.73
282.55+18.16 "
292.74 £17.93

305.53 £21.50
311.85 +33.40
298.03 +29.13
312.16 £17.01

334.19 +24.94
353.32 +33.45
344.28 +34.79
361.36 £29.93

Note; Compared with blank control group, * P <0.05, ** P <0.01; compared with model control group, P <0.05, P <0.01. The same below.
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The swell-

rd

3.3 Effect on the degree of joint swelling in rats

ing of the right hindfoot reached the peak on the 2" to 3" day after
the injection of Complete Freund’s adjuvant ( CFA), which was
the early inflammatory reaction ( primary reaction period) , and the
symptoms gradually relieved after two days, which was the acute
inflammatory remission period (7 =10 d). On 11" — 18" day, the
joints swelled again, the rats with symptoms of inflammation were
restricted, food intake decreased, tiredness, and symptoms of in-
flammation gradually decreased or subsided after the 26" day.

Compared with the control group, the degree of joint swelling in

Table 2 Effect on joint swelling of rats with arthritis ( x s, n=10, mm)

the model group was significantly increased (P <0.01), and the
degree of joint swelling was maintained at a high level one week af-
ter modeling (the first day of administration). Compared with the
model group, the joint swelling of rats in the high and medium
concentrations of n-butanol extract of D. glaucescens on the 7" day
of administration tended to decrease (P <0.05, P <0.01) , which
was significant in statistical analysis. The n-butanol extract of
D. glaucescens has a therapeutic effect on adjuvant-induced arthri-

tis in rats (Table 2).

Joint swelling

Joint diameter

Group before modeling 1% day after 7" day after 14" day after 21* day after 30™ day after
administration administration administration administration administration
Blank control 7.229 +£0.219 0.363 £0.178 0.379 +£0.208 0.388 0. 168 0.389 +0. 105 0.399 +£0.122
Model control 7.377 £0.310 1.639 +0.293 * 1.223 +0.177** 1.421 +0.412 "~ 1.478 +0.360 * 1.423 +0.330 "~
Positive 7.493 +0.291 1.669 +0.423 * * 1.157 £0.321* **™ 1,096 £0.263 * **  0.992 +0.299* **  (.983 +0.189 * **
High dose 7.649 +0.330 1.604 +0.368 * * 1.127 £0.341* **  1.025+0.290* ** 1,015 +0.250* **  1.063 £0.327 * *#
Medium dose 7.548 +0.292 1.664 £0.707 * * 1.298 £0.503* *#  1.158 +0.424***  1.145+0.420* *" 1,092 +0.347 * **
Low dose 7.526 +0.291 1.618 £0.549 * **™ 1,301 £0.352* "™  1.139 £0.416***  1.103 £0.321***  1.101 £0.322**#*

3.4 Effects on rat organs

Compared with the blank control

groups were compared with the model group, there was a difference

group, the liver index of the high, medium and low concentration
of D. glaucescens n-butanol extract groups and the model group in-
creased, and the kidney index and thymus index of the medium
and low concentration of D. glaucescens n-butanol extract groups

increased (P <0.05, P <0.01). When the n-butanol extract

Table 3 Effects of arthritis on rat organs ( x+s, n=10)

in liver index in the D. Glaucescens n-butanol extract high concen-
tration group (P <0.05), and there was a difference in spleen in-
dex and thymus index in the D. Glaucescens n-butanol extract low

concentration group (P < 0.05), and the data were shown in

Table 3.

Group Dose // g/kg Liver index Kidney index Spleen index Thymus index
Blank control - 3.52 £0.06 0.67 £0.01 0.21 £0.02 0.08 £0.01
Model control - 3.83+0.07" 0.70 £0.01 0.19 +0.01 0.10 +£0.01
Positive 0.009 3.88+£0.29" " 0.71 £0.04 " 0.21 £0.02 0.10 £0.02
High dose 0.11 4.22+0.46" ** 0.68 +0.05 0.21 £0.02 0.10 £0.02
Medium dose 0.22 3.87+£0.22" " 0.71 £0.05 " 0.22 +0.02 0.11 £0.02 "
Low dose 0.44 3.92+0.40" " 0.70 £0.04 " 0.22 £0.02* 0.11 £0.03 **

3.5 Effect on the content of TNF-«, IL-18 and PGE, in ser-
um of rats Compared with the blank control group, the serum
levels of IL-1B, TNF-a and PGE, in the model group were signifi-
cantly increased (P <0.01), while the serum level of IL-10 was
significantly decreased (P <0.01) ; compared with the model con-
trol group, the levels of IL-1B, TNF-a and PGE, in the serum of
rats in the high dose group of n-butanol fraction of D. Glaucescens
were significantly decreased (P <0.01). The serum levels of TL-
18, PGE, and TNF-a were significantly decreased (P <0.01) in
the medium dose group of n-butanol fraction of D. Glaucescens ; the
levels of IL-1B and PGE, in the serum of rats in the low dose group
of n-butanol fraction of D. glaucescens were significantly decreased

(P<0.01), and the data were shown in Table 4.

Table 4 Effect of arthritis on the contents of TNF-«, IL-13 and PGE, in
serum of rats ( x =5, n=10, ng/L)

IL-1B TNF-« PGE,
Blank control 31.59 +7.64 177.56 £56.68  405.34 +49.92
Model control 96.79 +4.04* *  308.37 +73.98* * 637.95+94.42* *
50.99 £9.23 * ** 200.51 £50.63%  461.38 £35.66 **
65.78 +10.48 * ** 230,01 +37.64%  485.07 +85.06**
Medium dose 68.04 £7.90* ** 243,30 +30.65 * ** 490. 66 +50.35 * ***
71.36 +7.94* *# 250.52 +172.83* 500.05 £40.51 * **

Group

Positive

High dose

Low dose

3.6 Effects on comparative pathological changes of ankle
joint in rats In the normal control group, the synovial tissue
structure of the rat ankle joint was clear, the synovial cells were
arranged neatly, and there was no inflammatory cell infiltration

synovial cell proliferation, capillary congestion and edema. Syno-
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vial inflammation was obvious in the model group, with obvious
synovial tissue edema, synovial cell disorder with cell prolifera-
tion, capillary proliferation, and a large number of inflammatory
cell infiltration. Compared with the model group, the inflammato-
ry reaction of synovium in each dose group of D. Glaucescens
n-butanol and Tripterygium glycosides tablets was alleviated to
different degrees, and the pathological changes in the middle and
high dose groups were similar to those in the Tripterygium glyco-
sides tablets group, with synovium cells arranged neatly and a

small amount of inflammatory cells infiltrated (Fig.1).

dl S i VR
Note: A. Normal control group, B. Model group, C. Tripterygium gly-
cosides tablet group, D. High dose group, E. Medium dose
group, F. Low dose group.
Fig.1 Pathological changes of synovial tissue in rats of each group
(HE, 100 x )

4 Conclusions

Arthritis is an autoimmune disease. It has a high incidence in
China at present. The cause and mechanism of arthritis have not
been clarified. The pathogenesis may be related to autoimmune
system disorders, family heredity, living environment and other
factors'"". Tt is characterized by the damage of joint structure,
deformity and possible loss of its physiological function. In addi-
tion, it can lead to synovial hyperplasia and fibrosis, nebula,

21 Previ-

cartilage destruction and other pathological processes
ous experiments prove that D. glaucescens has anti-inflammatory
and analgesic effects, and the anti-inflammatory and analgesic
components are mainly distributed in the n-butanol extract. The
anti-inflammatory mechanism of D. glaucescens may be related to
the inhibition of the production of inflammatory cytokines TNF-a,
IL-1B and PGE, in the body, thus reducing inflammation. In this
study, the pharmacological mechanism of D. glaucescens in the
treatment of arthritis was studied for the first time. The n-butanol

extract of D. glaucescens was evaluated in the treatment of arthri-

tis, and the anti-inflammatory mechanism of medicinal materials
was clarified from the content of inflammatory factors and the
pathological changes of ankle joint. This makes up for the blank
of D. glaucescens in the actual clinical application but no modern
pharmacological research, provides experimental basis for clinical
medication, provides a theoretical basis for the in-depth study of
the material basis of anti-inflammatory efficacy of D. glaucescens
medicinal materials, and provides a broader idea and reference
for the development of safe, stable and effective anti-inflammatory

products.
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