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 Background: Preclinical and clinical studies have shown that the extract of Cynanchum paniculatum (bunge) kitag and the 
fukeqianjin formulation have beneficial effects in pelvic inflammatory disease (PID). This study aimed to com-
pare the effects of Cynanchum paniculatum and fukeqianjin with a new decoction, xiaoyuningkun, consisting 
of Melia toosendan, Angelica biserrata, and Cynanchum paniculatum, in a mouse model of PID.

 Material/Methods: The mouse model of PID included injection of the upper genital tract with hydrochloric acid (HCl) and lipopoly-
saccharide (LPS). The control group underwent sham treatment with 0.9% physiological saline. Cynanchum pa-
niculatum, fukeqianjin, and xiaoyuningkun decoction were administered orally for 15 days. Acetic acid-induced 
writhing and thermal nociception hot plate tests evaluated the analgesic effects of treatment. Mouse uterus and 
Fallopian tubes were examined histologically to evaluate the degree of inflammation. Immunohistochemistry 
was used to measure the protein expression of intercellular adhesion molecule-1 (ICAM-1) and vascular endo-
thelial growth factor (VEGF). Enzyme-linked immunosorbent assay (ELISA) measured serum levels of inflam-
matory cytokines.

 Results: Treatment with xiaoyuningkun decoction significantly reduced the pain threshold in the mouse model of PID 
and the degree of inflammation in the uterus and Fallopian tubes compared with Cynanchum paniculatum and 
fukeqianjin. Cynanchum paniculatum decoction significantly reduced the serum levels of interleukin-1b (IL-1b), 
tumor necrosis factor-a (TNF-a), ICAM-1, and VEGF, and the expression of ICAM-1 and VEGF in the mouse uterus 
and Fallopian tubes.

 Conclusions: The new xiaoyuningkun decoction had analgesic and anti-inflammatory effects in the mouse model of PID, pos-
sibly by inhibiting ICAM-1, VEGF, and inflammatory cytokines.
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Background

Pelvic inflammatory disease (PID) is due to infection of the up-
per genital tract in women and includes endometritis, salpin-
gitis, and peritonitis [1]. PID can have serious complications, 
including chronic pelvic pain, infertility, endometriosis, and ec-
topic pregnancy [2]. The clinical findings of PID on examina-
tion include adnexal tenderness, pain on moving the cervix, 
and uterine tenderness on bimanual pelvic examination [3]. 
In PID, inflammatory cells (neutrophils and lymphocytes) in-
filtrate the upper genital tract and can be detected in endo-
metrial biopsy samples [4]. Inflammation is associated with 
the release of proinflammatory cytokines, including interleu-
kin-1b (IL-1b) and IL-6 [5]. Currently, clinical treatment of PID 
includes the use of antibiotics and hormones, which may not 
always be effective and may be associated with side effects 
that include antimicrobial resistance [6]. Therefore, alternative 
or adjunctive treatment for PID or the symptoms of PID, such 
as pain, which include natural compounds with fewer side ef-
fects require further study.

Decoction is one of the most widely used treatments in tra-
ditional Chinese medicine (TCM), which has been practiced in 
China for more than 3,000 years and is also widely practiced 
in other Asian nations. The effective ingredients are extracted 
from the components of the decoction and the quality of the fi-
nal decoction depends on the method of extraction. For the first 
time, this study reports the effects of a new decoction, xiaoyun-
ingkun decoction, consisting of Melia toosendan, Angelica 
biserrata, and Cynanchum paniculatum (Bunge) Kitagawa, 
which have possible antimicrobial and anti-inflammatory ac-
tivities. Preclinical and clinical studies have shown that ex-
tracts of Cynanchum paniculatum and the fukeqianjin formu-
lation have beneficial effects in pelvic inflammatory disease, 
and Melia toosendan shows antimicrobial activity and modu-
lates the activation of nuclear factor-kB (NF-kB), a proinflam-
matory signaling protein [7,8]. The compounds in Cynanchum 
paniculatum have previously been shown to reduce the pro-
duction of tumor necrosis factor-a (TNF-a), interleukin-6 (IL-6), 
and IL-1b in mice pulmonary microvascular endothelial cells 
studied in vitro [9]. C57BL/6J mice have previously been stud-
ied as an animal model of chronic pelvic pain, where they have 
shown increased expression levels of inflammatory cytokines 
and adhesion molecules [10]. Therefore, in this study, female 
C57BL/6J mice were used to establish the mouse model of PID, 
as previously described [11].

Cynanchum paniculatum is the principal component of xiaoyun-
ingkun decoction. However, the pharmacological effects of 
this new decoction in PID have not previously been reported. 
Therefore, this study aimed to use a C57BL/6J mouse model 
of PID to compare the effects of Cynanchum paniculatum and 
fukeqianjin with the xiaoyuningkun decoction that consists 

of Cynanchum paniculatum, Melia toosendan, and Angelica 
biserrata.

Material and Methods

Material and reagents

Lipopolysaccharide (LPS) and pregnant mare serum gonadotro-
pin (PMSG) were obtained from Sigma-Aldrich (St. Louis, MO, 
USA). Hydrochloric acid (HCl) was obtained from Wako Pure 
Chemical Industries, Ltd. (Osaka, Japan). Dulbecco’s modified 
Eagle’s medium (DMEM) and fetal bovine serum (FBS) were 
purchased from HyClone (Logan, UT, USA). The enzyme-linked 
immunosorbent assay (ELISA) kit for interleukin-1b (IL-1b), 
tumor necrosis factor-a (TNF-a), ICAM-1, and vascular endo-
thelial growth factor (VEGF) was obtained from R&D Systems 
(Minneapolis, MN, USA).

Animals

Female C57BL/6J mice, weighing between 18–20 gm, were 
purchased from Shanghai SLRC Laboratory Animal Co., Ltd. 
(Shanghai, China). The mice were housed in standard con-
ditions with a 12-hourly dark and light cycles, at a tempera-
ture of 22–24°C, and relative humidity of 60–65%. The exper-
imental procedures were approved by the Ethics Committee 
for Animal Experimentation of Shanghai Gongli Hospital. All 
experimental procedures were approved by the Guidelines for 
Animal Experimentation of Shanghai Gongli Hospital.

Preparation of the xiaoyuningkun decoction and the 
Cynanchum paniculatum decoction

The xiaoyuningkun decoction, consisting of Melia toosendan, 
Angelica biserrata, and Cynanchum paniculatum (Bunge) 
Kitagawa, is a new decoction that was prepared from 12 gm 
of Melia toosendan, 12 gm of Angelica biserrata, and 15 gm 
of Cynanchum paniculatum. Distilled water was added at 10 
times the volume of the compound, which was then soaked 
for 20 minutes, boiled, and decocted at low temperature for 
20 min. The decoction was homogenized and concentrated by 
heating until the concentration of the crude compound was 
1.5 g/mL. For the Cynanchum paniculatum decoction, 50 g of 
Cynanchum paniculatum was soaked in 10 times the volume 
of distilled water and decocted by heating until the concen-
tration of the crude drug was 1.5 g/mL. The two concentrat-
ed solutions were stored at 4°C.

The mouse model of pelvic inflammatory disease (PID)

The mouse model of PID was established as previously de-
scribed [12]. Briefly, the mice were anesthetized with an 
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intraperitoneal injection of 3% pentobarbital sodium (50 mg/kg). 
The uterus was exposed with an incision along the midline of 
the abdomen, and a needle was inserted into the uterine cavity 
longitudinally, followed by administration of hydrochloric acid 
(HCl) (1N). Four doses of lipopolysaccharide (LPS) (50 mg/kg) 
were injected intraperitoneally starting at 2 hours after the 
injection of HCl with one dose every two hours. In the PID 
groups, pregnant mare’s serum gonadotropin (PMSG) (7.5 IU 
per mouse) was administered by intraperitoneal injection two 
days before the proprioception experiments. Mice that received 
the sham operation and 0.9% physiological saline represented 
the control group. From an initial 76 mice, 16 mice died with-
in 48 h after induction of PID induction, which left 60 mice, 
which were divided into five study groups.

Experimental design and study groups

Female C57BL/6J mice (N=60) were randomly divided into 
five groups: the PID group (N=12) underwent induction of PID 
and received gavage of 0.9% normal saline; the fukeqianjin 
group (N=12) underwent induction of PID and received gavage 
of fukeqianjin; the xiaoyuningkun decoction group (N=12) un-
derwent induction of PID and received gavage of xiaoyuning-
kun decoction (1.5 gm) for 15 days; the Cynanchum panicula-
tum group (N=12) underwent induction of PID and received 
gavage of Cynanchum paniculatum decoction for 15 days; 
the control group (N=12) underwent sham operation and re-
ceived gavage with 0.9% normal saline.

Acetic acid-induced writhing test

Forty mice were randomly divided into four groups and received 
physiological saline, indomethacin (2 mg/kg), Xiaoyuningkun 
decoction, and Cynanchum paniculatum decoction. On the 
4th day, the mice were administrated 0.7% acetic acid by in-
traperitoneal injection (10 mL/kg), and their writhe reactions 
were observed, and the number of writhes was counted and 
recorded within 20 min [13]. The analgesic percentage was 
calculated as follows:

Inhibition rate (%)=number of writhes (control)−number of 
writhes (treated)/number of writhes (control)×100%.

Thermal nociception hot plate test

After administration of physiological saline, indomethacin 
(2 mg/kg), xiaoyuningkun decoction, and Cynanchum panic-
ulatum decoction for four days, the female mice underwent 
the thermal nociception hot plate test (55.5±0.5°C). The anti-
nociceptive effects were evaluated by the activities of lifting, 
licking the hind paws, and jumping. The pain threshold was 
defined as the duration before the mice first exhibited one 
of the antinociceptive indicators after staying on the hot 

plate (latency period), with the maximal duration of 30 sec-
onds. The pain threshold of the mice in each group was mea-
sured at 30, 60, 90, and 120 min after the oral administration 
of indomethacin, xiaoyuningkun decoction, or Cynanchum pa-
niculatum decoction [13].

Histology of the mouse tissues

After oral administration of xiaoyuningkun decoction for 15 
days, the mice in the model of PID were euthanized by cervical 
dislocation, and the left half of the uterus and the left Fallopian 
tube were fixed in 4% paraformaldehyde for 4 hours, paraffin-
embedded, sectioned at 2 μm, stained with hematoxylin and 
eosin (H&E), and examined by light microscopy. The inflam-
matory cells in the mouse tissue were semi-quantified histo-
logically at high-power magnification (×100), randomly from 
three areas on each slide, as previously described [14]. The de-
gree of inflammation in the uterus and Fallopian tube of the 
mice in each study group was graded from 0–3.

Immunohistochemistry

The right half of the uterus and right Fallopian tube of mice 
in each study group were fixed in 4% paraformaldehyde for 
4 hours, paraffin-embedded, and sectioned at 2 μm onto glass 
slides. The tissue sections were deparaffinized and rehydrated. 
Following antigen retrieval, the tissue sections were incubated 
in 3% H2O2 to block endogenous peroxidase activity. The tissue 
sections were incubated with primary antibodies to ICAM-1 and 
VEGF (1: 100) overnight at 4°C. On the following day, the tis-
sue sections were incubated with biotinylated horseradish-
peroxidase (HRP)-conjugated secondary antibody (1: 100) at 
room temperature for 1 h, and stained with diaminobenzi-
dine (DAB), and counterstained with hematoxylin. The immu-
nostained tissue sections were examined by light microscopy. 
Five high-power fields were randomly selected for photomi-
croscopy and image analysis. Image-Pro Plus software was 
used to calculate the integrated optical density (IOD) values 
of ICAM-1 and VEGF immunostaining, which was normalized 
to the controls [14].

Enzyme-linked immunosorbent assay (ELISA)

Serum samples from the mice in each study group were col-
lected, weighed, and mixed with physiologic saline at a ratio of 
1: 5 (w/v) and then mixed. The levels of interleukin-1b (IL-1b), 
tumor necrosis factor-a (TNF-a), intercellular adhesion mole-
cule-1 (ICAM-1) and vascular endothelial growth factor (VEGF) 
were measured using ELISA kits (Nanjing Jiancheng, Nanjing, 
China), according to the manufacturer’s instructions.
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Statistical analysis

Data were presented as the mean±standard error of measure-
ment (SEM), and analyzed using SPSS version 18.0 statisti-
cal software (IBM, Chicago, IL, USA). The differences between 
groups were evaluated using one-way analysis of variance 
(ANOVA), followed by Bonferroni’s post hoc analysis for com-
parison between groups. A P-values <0.05 was considered to 
indicate a statistically significant difference.

Results

Treatment with xiaoyuningkun decoction reduced 
inflammation in the mouse model of pelvic inflammatory 
disease (PID)

The xiaoyuningkun decoction, consisting of Melia toosendan, 
Angelica biserrata, and Cynanchum paniculatum (Bunge) 

Kitagawa, was a new decoction that was prepared for this 
study. Histopathology of the uterus and Fallopian tissue of the 
mice in each study group was performed after 15 days of treat-
ment. In the PID group, inflammatory cells, consisting of neutro-
phils and lymphocytes, were observed histologically to infiltrate 
the uterus and Fallopian tubes, supporting that an inflamma-
tory response was present in the upper genital tract. Compared 
with the PID group, the fukeqianjin, xiaoyuningkun decoction, 
and Cynanchum paniculatum groups all showed significantly 
reduced degrees of inflammation in the uterus and Fallopian 
tube (Figure 1).

The xiaoyuningkun decoction inhibited the inflammatory 
response in the mouse model of PID

Enzyme-linked immunosorbent assay (ELISA) showed that se-
rum levels of interleukin-1b (IL-1b), tumor necrosis factor-a 
(TNF-a), intercellular adhesion molecule-1 (ICAM-1), and vas-
cular endothelial growth factor (VEGF) in the mouse model 
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Figure 1.  (A–D) The effect of xiaoyuningkun decoction on inflammation of upper genital tract in the mouse model of pelvic 
inflammatory disease (PID). (A) Photomicrograph of representative areas of the mouse uterus. Hematoxylin and eosin (H&E). 
Magnification ×100. (B) Photomicrograph of representative areas of the mouse Fallopian tube. H&E. Magnification ×100. 
Histological semi-quantitative scores of inflammatory cells, including neutrophils and lymphocytes. Each bar represents 
the mean±SEM (N=12). One-way analysis of variance (ANOVA) followed with Bonferroni’s post hoc test were performed. 
*** P<0.001 vs. control group; ### P<0.001 vs. the PID group. PID – pelvic inflammatory disease; FKQJ – fukeqianjin 
formulation; XYNK – xiaoyuningkun decoction; CP – Cynanchum paniculatum.
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of PID were significantly increased compared with the con-
trol group, and that treatment with fukeqianjin, the xiaoyun-
ingkun decoction, and Cynanchum paniculatum significantly 
inhibited the production of these cytokines in the mouse 
model (Figure 2A–2D). These results indicated that there was 
an inflammatory response in the mouse model of PID and 
that the xiaoyuningkun decoction had anti-inflammatory ef-
fects. The findings also indicated that the xiaoyuningkun de-
coction might also suppress cell adhesion and angiogenesis 
in the uterus and Fallopian tube of the mouse model of PID.

The xiaoyuningkun decoction reduced pain perception in 
the mouse model of PID

The analgesic effects of xiaoyuningkun decoction were evalu-
ated using the writhing test and hot plate test. Mice received 
physiological saline, indomethacin (2 mg/kg), xiaoyuningkun 
decoction, and Cynanchum paniculatum decoction for 4 days. 
Compared with the control group, the number of writhes in 
the mice treated with indomethacin, xiaoyuningkun decoc-
tion, and Cynanchum paniculatum decoction were significantly 

reduced (P<0.001), and the inhibition rates in the xiaoyuningkun 
decoction and Cynanchum paniculatum groups (41.8%, 36.3%) 
were all lower than that in the indomethacin-treated group 
(53.9%) (Table 1). These findings indicated that xiaoyuningkun 
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Figure 2.  The effect of xiaoyuningkun decoction on the inflammatory response in the mouse model of pelvic inflammatory disease 
(PID). Enzyme-linked immunosorbent assay (ELISA) shows that xiaoyuningkun decoction reversed the increase in serum 
levels of interleukin-1b (IL-1b) (A), tumor necrosis factor-a (TNF-a) (B), intercellular adhesion molecule-1 (ICAM-1) (C), 
and vascular endothelial growth factor (VEGF) (D) in the upper genital tract of the mouse model of PID. Data are presented 
as the means±standard error (N=12). One-way analysis of variance (ANOVA) followed by Bonferroni’s post hoc test were 
performed. *** P<0.001 vs. the control group; # P<0.05, ## P<0.01, ### P<0.001 vs. the PID group.

Groups Number of writhes Inhibition (%)

Control  47.9±1.65 –

Indomethacin  21.8±1.91***  53.9±4.43

PID-XYNK  27.6±0.99***  41.8±2.70

PID-CP  30.3±1.10***  36.3±2.74

Table 1.  The effects of xiaoyuningkun decoction on the acetic 
acid-induced writhing test in the mouse model of pelvic 
inflammatory disease (PID).

Each value is shown as the mean±SEM (n=10). *** P<0.001 
vs. the control group. PID – pelvic inflammatory disease; 
FKQJ – fukeqianjin formulation; XYNK – xiaoyuningkun 
decoction; CP – Cynanchum paniculatum decoction.
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decoction and its main component, Cynanchum paniculatum, 
had an analgesic effect in the mouse model of PID.

The hot plate test was performed to evaluate the pain thresh-
old of the mice for heat. Compared with the control group, 
the pain thresholds (latency period) in the model groups were 
all significantly increased by indomethacin, xiaoyuningkun 

decoction, and Cynanchum paniculatum at different time points 
(P<0.001) (Table 2). These results indicated that xiaoyuning-
kun decoction and its main component, Cynanchum panicu-
latum, could significantly prolong the time standing on a hot 
plate and could improve the heat tolerance of the mice, and 
provided an analgesic effect.

Groups
Latency period at different time points

30 min 60 min 90 min 120 min

Control  3.25±0.13  3.42±0.17  3.47±0.13  3.54±0.23

Indomethacin  4.64±0.24***  4.69±0.28**  4.87±0.24***  5.08±0.21***

XYNK  4.06±0.31*  4.54±0.29**  5.32±0.24***  5.78±0.30***

CP  3.87±0.10**  4.37±0.20**  5.33±0.23***  6.15±0.23***

Table 2. Effects of xiaoyuningkun decoction on the hot plate test in the mouse model of pelvic inflammatory disease (PID).

Each value is presented as the mean±SEM (n=10). * P<0.05, ** P<0.01, *** P<0.001. *** P<0.001 vs. control group. PID – pelvic 
inflammatory disease; FKQJ – fukeqianjin formulation; XYNK – Xiaoyuningkun decoction; CP – Cynanchum paniculatum decoction.
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Figure 3.  Effect of xiaoyuningkun decoction on the expressions of intercellular adhesion molecule-1 (ICAM-1) in the mouse model of 
pelvic inflammatory disease (PID). Representative photomicrographs of the histology of the immunohistochemistry findings 
in the mouse uterus (A) and Fallopian tube (B). Magnification ×100. Semi-quantitative evaluation of ICAM-1 expression 
is represented by the integrated optical density (IOD) index for the mouse uterus (C) and Fallopian tube (D). Each bar 
represents the mean±SEM (N=12). One-way analysis of variance (ANOVA) followed by Bonferroni’s post hoc test were 
performed. *** P<0.001 vs. the control group; ### P<0.001 vs. the PID group.
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The xiaoyuningkun decoction reduced the expression of 
ICAM-1 and VEGF in the mouse model of PID

To investigate the detailed mechanisms underlying analgesic 
and anti-inflammatory effects induced by xiaoyuningkun de-
coction, immunohistochemistry was performed to measure the 
protein expression of ICAM-1 and VEGF. ICAM-1 expression was 
significantly increased in the mouse model of PID. However, 
mice in xiaoyuningkun decoction group, and the Cynanchum 
paniculatum group showed significantly reduced immunostain-
ing for ICAM-1 in the uterus and Fallopian tube (Figure 3A, 3B). 
The semi-quantitative analysis showed that the ICAM-1 ex-
pression was significantly reduced by treatment with xiaoyun-
ingkun decoction and Cynanchum paniculatum decoction 
(Figure 3C, 3D). VEGF expression was increased in the uterus 
and Fallopian tube of the mouse model of PID, but was signif-
icantly reduced in the uterus and Fallopian tube of the mice 
treated with xiaoyuningkun decoction and Cynanchum panic-
ulatum (Figure 4). Also, treatment with xiaoyuningkun decoc-
tion reversed the increase in VEGF expression, but its main 

component, Cynanchum paniculatum, could only partially re-
verse the increased expression levels of VEGF, particularly in 
the mouse uterus. These findings indicate that other compo-
nents in the xiaoyuningkun decoction might also have had an 
antiangiogenic effect in the mouse model of PID.

Discussion

For the first time, this study reported the effects of the xiaoyun-
ingkun decoction, consisting of Melia toosendan, Angelica biser-
rata, and Cynanchum paniculatum (Bunge) Kitagawa, on in-
flammation and pain perception in a mouse model of pelvic 
inflammatory disease (PID). The mouse model of PID was de-
veloped by injection of the upper genital tract with hydrochlo-
ric acid (HCl) and lipopolysaccharide (LPS). The results showed 
that treatment of the mice with PID with an oral preparation 
of xiaoyuningkun decoction significantly reduced inflammation 
in the mouse uterus and Fallopian tube and also had an anal-
gesic effect by improving the pain threshold when compared 

PID XYNK

###

FKQJ

Uterus

###

Control CP

###

***10
9
8
7
6
5
4
3
2
1
0

VE
GF

 IO
D 

ind
ex

PID XYNK

###

FKQJ

Falopian tube

###

Control CP

PID XYNKFKQJControl CP

###

***8

7

6

5

4

3

2

1

0

VE
GF

 IO
D 

ind
ex

A

B

C D

Figure 4.  The effect of xiaoyuningkun decoction on the expressions of vascular endothelial growth factor (VEGF) in the mouse model 
of pelvic inflammatory disease (PID). Representative photomicrographs of the histology of the immunohistochemistry 
findings in the mouse uterus (A) and Fallopian tube (B). Magnification ×100. Semi-quantitative evaluation of VEGF 
expression is represented by the integrated optical density (IOD) index for the mouse uterus (C) and Fallopian tube (D). Each 
bar represents the mean±SEM (N=12). One-way analysis of variance (ANOVA) followed by Bonferroni’s post hoc test were 
performed. *** P<0.001 vs. the control group; ### P<0.001 vs. the PID group.
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with the non-treated controls and with Cynanchum paniculatum 
and fukeqianjin alone. Xiaoyuningkun decoction also reduced 
the serum levels of interleukin-1b (IL-1b), tumor necrosis fac-
tor-a (TNF-a), intercellular adhesion molecule-1 (ICAM-1), and 
vascular endothelial growth factor (VEGF) in the mouse mod-
el of PID. Xiaoyuningkun decoction treatment reduced ICAM-1 
and VEGF expression in the mouse uterus and Fallopian tube. 
The findings from this study showed that xiaoyuningkun de-
coction has significant analgesic and anti-inflammatory activ-
ity in the mouse model of PID.

The mice in the model of PID developed inflammation of the 
upper genital tract, consisting of neutrophils and lympho-
cytes, which could be quantified by light microscopy. Clinically, 
patients with PID show inflammation of the upper genital tract 
following infection, which includes the recruitment of neutro-
phils and lymphocytes from the circulation that cross the en-
dothelial barrier [15]. In the present study, the mouse model 
of PID was developed using an injection of the upper genital 
tract with hydrochloric acid (HCl) and lipopolysaccharide (LPS). 
A recent study showed that LPS promoted neutrophil infiltra-
tion into the endometrium of a mouse model of endometri-
tis [16], which is consistent with the findings in the present 
study. Neutrophils at the site of infection release inflamma-
tory cytokines, reactive oxygen species (ROS), and proteolytic 
enzymes, which have bactericidal effects. However, the ef-
fects of inflammation will also cause damage to the tissue of 
the upper genital tract. In chronic PID, chronic inflammation 
that includes lymphocyte infiltration is a response to infec-
tion [14]. This finding is supported the significantly increased 
neutrophil to lymphocyte ratio (NLR) before treatment com-
pared with that after treatment in PID [17]. Tissue damage is 
also associated with lymphocyte infiltration of tissues [18]. 
Therefore, following treatment of the infectious cause of PID, 
approaches to reduce neutrophils and lymphocytes in the up-
per genital tract may reduce tissue damage that can result 
in infertility [19]. Chronic pelvic pain is the main symptom of 
PID [20], and natural treatments that reduce pain may have a 
role in the management of women with PID.

In the present study, the mice in the model of PID showed sig-
nificantly increased serum levels of IL-1b and TNF-a, which 
were reduced following treatment with xiaoyuningkun de-
coction. IL-1b and TNF-a are two major proinflammatory cy-
tokines, and play essential roles in initiating and propagating 
the inflammatory response following bacterial infection [21]. 
Clinically, in patients with PID, serum levels of IL-1b and TNF-a 
are significantly increased before antibiotic treatment, and the 
levels decrease after treatment [5]. These proinflammatory cy-
tokines promote the proliferation and activation of leukocytes 
in the upper genital tract and enhance immune cell recruit-
ment. Recruited neutrophils and lymphocytes release inflam-
matory cytokines and chemokines to enhance the inflammatory 

response [22]. Also, IL-1b promotes the survival and function 
of neutrophils [23], which release inflammatory cytokines and 
chemokines, to further increase the inflammatory response. 
In this study, increased levels of IL-1b and TNF-a in the serum 
of mice in the model of PID were significantly reduced after 
treatment with xiaoyuningkun decoction.

Treatment of the mice in the model of PID showed that xiaoyun-
ingkun decoction reduced the serum levels and tissue levels of 
ICAM-1 and VEGF. ICAM-1 is an adhesion molecule that stim-
ulates leukocyte adhesion and transmigration in response to 
proinflammatory cytokines [24]. Clinically, patients with PID 
have an increased risk of developing endometriosis [25], and 
when compared with healthy women, they have significantly 
higher serum and peritoneal fluid ICAM-1 levels [26]. ICAM-1 
expression can be induced by TNF-a in human endometriotic 
stromal cells, thus modulating cell proliferation, adhesion, acti-
vation, motility, and implantation [27]. Further studies are re-
quired to investigate the effects of xiaoyuningkun decoction 
on the expression of cell adhesion molecules such as ICAM-1 
and cell adhesion.

VEGF is a proinflammatory factor that is associated with angio-
genesis and neovascularization. The danzhi decoction formu-
lation contains Morus alba L., Salvia miltiorrhiza Bge., Dipsacus 
asper Wall, Liguisticum chuanxiong Hort., Litchi chinensis Sonn., 
Forsythia suspensa Vahl, Corydalis turtschaninovii, and Cyperus 
rotundus L. [28]. The findings from a previously published study 
showed that in the upper genital tract in a mouse model of 
PID, treatment with danzhi decoction accelerated pelvic blood 
flow and reduced the expression of VEGF [28]. Vascular endo-
thelial injury in PID is associated with increased expression 
of VEGF [29]. The findings from the present study showed in-
creased of VEGF levels in serum, uterus, and Fallopian tube 
of the mouse model of PID, which was developed using LPS 
treatment. A previously published study in a mouse model of 
LPS-induced inflammation also showed increased expression 
of VEGF mRNA [30]. Further studies are required to investi-
gate the effects of xiaoyuningkun decoction on the endothe-
lium in inflammation.

In the mouse model of PID, used in the present study, inflam-
mation was induced chemically and did not follow infection. 
This model was used in a preliminary study to investigate 
the effects of xiaoyuningkun decoction. The fukeqianjin for-
mulation was used as a positive control, and Cynanchum pa-
niculatum was also studied as it is the main component of 
xiaoyuningkun decoction. The findings showed that xiaoyun-
ingkun decoction completely reversed the increase in VEGF in 
the mouse model of PID, but its main compound, Cynanchum 
paniculatum, only partially reversed the increase in VEGF in 
the mouse uterus. This finding may indicate that there may 
be components in the xiaoyuningkun decoction that have an 
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inhibitory effect on VEGF expression and angiogenesis, which 
requires further study.

Conclusions

There have been no previously published studies on the ef-
fects of the new xiaoyuningkun decoction, which is prepared 
from Melia toosendan, Angelica biserrata, and Cynanchum 
paniculatum (Bunge) Kitagawa. In a mouse model of pelvic 

inflammatory disease (PID), when compared with xiaoyuning-
kun decoction showed significant analgesic and anti-inflam-
matory effects, reduced neutrophil and lymphocyte infiltration, 
and inhibited the production of cytokines and the expression 
of vascular endothelial growth factor (VEGF). Cynanchum pa-
niculatum, the main component of xiaoyuningkun decoction 
showed similar effects. Further studies are needed to evalu-
ate and compare the effects of Cynanchum paniculatum and 
xiaoyuningkun decoction.
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