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Abstract: Objective: This study aims to observe the effect and mechanism of Xiaoru Sanjie Jiaonang (XRSJ) on the 
treatment of mammary gland hyperplasia, and provide a theoretical basis and clinical evidence for clinical expan-
sion. Methods: Japanese white rabbits were randomly divided into three groups: high-, middle- and low-dose groups; 
Xiaoyao Pill group; model control group; normal control group. The observation points were as follows: before XRSJ 
administration, three months after XRSJ administration, and three months after XRSJ discontinuance. Changes 
in breast height, morphological changes of the mammary gland under a light and electron microscope, and the 
expression of ki-67 were observed. At the same time, patients diagnosed with mammary gland hyperplasia at an 
Outpatient Clinic were selected and divided into treatment groups. These patients received XRSJ and Xiaoyao Pills, 
respectively, for one month, while patients in the control group did not receive any drug treatment. Clinical efficacy 
was observed while rechecking at the Outpatient Clinic after three months. Treatment with a therapeutic dose of 
XRSJ could significantly reduce breast height, decrease the number of lobules and acini in hyperplastic mammary 
glands and the layer number of ductal glandular epithelial cells, substantially lower the content of serum estradiol 
(E2), significantly downregulate the expression of ki-67 protein in mammary tissues, and inhibit mammary gland 
hyperplasia. Conclusion: XRSJ treatment can relieve mammary tissue hyperplastic lesions, reduce E2 levels and 
downregulate the expression of ki-67. It has a significant therapeutic effect on mammary gland hyperplasia. 
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Introduction

At present, people are increasing being affect-
ed by breast disorders. Among these, hyperpla-
sia of the mammary gland is one of the most 
common benign diseases of the breast in mid-
dle-aged women [1], in which hundreds of mil-
lions of Chinese patients suffer from breast 
hyperplasia. From the clinical point of view of 
traditional Chinese medicine, this is classified 
under “Rupi” [2], which accounts for more than 
70% of all breast diseases [3]. A report revealed 
that hyperplasia of the mammary gland, partic-
ularly atypical hyperplasia, is a potential pre-
cancerous lesion. Some of these can be trans-
formed into breast cancer, which seriously th- 
reatens the general physical and mental heal- 
th of women [4, 5]. Therefore, the treatment of 
this disease has important clinical value [6, 7].

On one hand, the aberrant proliferation and 
migration of tumor cells have become a hall-
mark of tumor pathology during tumor progres-
sion. The abnormal expression of cell factors 
plays an important role in tumor cell prolifera-
tion and migration, and provides a clinical basis 
for the diagnosis, treatment and prognosis of 
tumors [8]. Ki-67 is a gene located in chromo-
some 10, which can be detected in the prolifer-
ating cell nuclear matrix. Ki-67 expression and 
its function in luminal breast cancer have not 
been completely elucidated. The results of the 
present study revealed that Ki-67 is associated 
with mitosis, and is especially closely associat-
ed with tumor cell proliferation [9-11]. 

On the other hand, Omar Hameed studied a 
number of patients with hyperplasia of the 
mammary gland, and found that the expression 
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of ki-67 was associated with atypical hyperpla-
sia. Furthermore, some researchers have con-
ducted further trials, their findings suggest that 
the high expression of Ki-67 plays a significant 
role in the promotion of the pathogenesis and 
development of breast cancer. In addition, Ki- 
67 plays crucial roles in promoting the genesis 
and metastasis of breast cancer [12].

Some patients with breast dysplasia were 
treated by surgical treatment. However, the sur-
gery would leave a scar, and the recurrence 
rate is extremely high. This would seriously 
affect the physical and mental health of women 
[13]. From the perspective of humanistic medi-
cine, the psychological burden of scarring after 
mammary hyperplasia surgery is far greater 
than the disease itself, especially for young 
patients. Therefore, searching for effective and 
non-invasive treatment methods for breast 
hyperplasia is particularly important.

The aim of the present study was to investigate 
the effect of XRSJ on mammary gland hyperpla-
sia and the expression of Ki-67, as well as its 
possible inhibitory effect on the precancerous 
lesions of breast cancer.

Materials and methods

Experimental animals 

Female Japanese white rabbits were used for 
the present study. These rabbits were not preg-
nant, weighted 2.1 ± 0.1 kg, were five months 
old, and were housed individually, given drink-
ing water and fed with complete pellet feed (the 
provided white rabbits were fed by the Experi- 
mental Animal Center of The Second Affiliated 
Hospital of Harbin Medical University). All appli-
cable international, national, and/or institution-
al guidelines for the care and use of animals 
were followed.

Medicines

Xiaoru Sanjie Jiaonang (XRSJ): Shandong Shen- 
zhou Pharmaceutical Co., Ltd. (SFDA approval 
no. Z20027142). Main ingredients: bupleurum 
(wax for broiling), angelica, edible tulip, etc. 
Diethylstilbestrol injection: Shanghai General 
Pharmaceutical Co., Ltd. (SFDA approval no. 
H31021403). Progesterone injection: Shanghai 
General Pharmaceutical Co., Ltd. (SFDA approv-
al no. H31021401). Xiaoyao Pill: The Third Har- 

bin Chinese Medicine Plant of Harbin Pharma- 
ceutical Group (SFDA approval no. Z23022068). 
Lidocaine: Shanghai Fosun Zhaohui Pharmac- 
eutical Co., Ltd. (SFDA approval no. H31021071). 

Experimental methods and procedures

Establishment of the mammary gland hyper-
plasia model: A total of 90 rabbits were used in 
the present study. These rabbits were randomly 
divided into six groups (n=15, each group): A 
group, high-dose of XRSJ; B group, middle-dose 
of XRSJ; C group, low-dose of XRSJ; D group, 
Xiaoyao Pill; E group, model group; F group, nor-
mal controls. Rabbits in the first five groups 
were intramuscularly injected with 0.2 mg/
kg×d of diethylstilbestrol for 25 consecutive 
days, and injected with 1 mg/kg×d of proges-
terone for five consecutive days to establish 
the mammary gland hyperplasia model. Rabbits 
in the F group were intramuscularly injected 
with the same dose of saline for 30 consecu-
tive days [14].

Method of administration: After the modeling 
was completed, rabbits in the A, B and C groups 
were intragastrically administered with 0.30, 
0.10 and 0.04 g/kg of XRSJ, twice a day, rab-
bits in the D group were administered with 0.20 
g/kg of Xiaoyao Pill, twice a day, and rabbits in 
the E and F groups were administered with an 
equal dose of distilled water, twice a day. 
Rabbits in each of the groups above were intra-
gastrically administered with the treatment for 
three months. The dose used in the present 
study was calculated based on the conversion 
relation between humans and rabbits [14].

Sampling and test: The first to the third pair of 
breasts were orderly cut under local anesthesia 
(lidocaine) for three times before the adminis-
tration of XRSJ, three months after the adminis-
tration of XRSJ, and three months after the  
discontinuance of XRSJ. Each pair of breasts 
were respectively fixed with 10% formaldehyde, 
embedded in paraffin, sliced, and stained with 
hematoxylin and eosin (H&E) for observation 
under light microscopy. Then, the specimens 
were fixed with 2.5% glutaraldehyde, embed-
ded with Epon 812, sliced in ultra-thin sections, 
and stained with acetic acid dioxygen oil and 
lead citrate for observation under an electron 
microscope. Next, the content of Ki-67 protein 
in mammary gland cells was determined by 
western blot. A vernier caliper was used to mea- 
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sure the height of the second pair of breasts 
before and after the administration of the treat-
ment. Heart blood samples were collected whi- 
le cutting the breast. Radioimmunoassay was 
used to examine the serum E2 level.

Clinical application

Case selection: Patients diagnosed with mam-
mary gland hyperplasia at the Outpatient Clinic 
was the object of study [1]. These patients had 
positive signs of stabbing pain and proliferative 
nodules of more than 0.5 cm (Figure 1). 

Inclusion criteria

Inclusion criteria: female patients who were 20- 
40 years old; Patients who did not receive other 
drug treatments before seeing the doctor; pa- 
tients who completed the course of treatment. 
(A total of 745 female patients who met the 
above diagnostic criteria were selected for the 
study. Among these patients, 611 patients met 
the inclusion criteria, and the remaining 134 
patients did not follow the medication regimen 
or suspended the medication).

Treatment protocol

The above patients were divided into three gro- 
ups: group A, patients who received XRSJ (241 
patients); group B, patients who received the 

Xiaoyao Pill (192 patients); group C: untreated 
patients (178 patinets). The treatments for the 
above patients were all orally administered 
according to instructions, and one month was 
equivalent to one course of treatment. Breast 
tenderness, hypertrophic nodules >0.5 cm, 
and the relationship with menstruation were 
recorded before and after the treatment. These 
patients revisited the hospital and were exam-
ined by B-mode ultrasound three months later.

Efficacy evaluation

Effective: Physical examination: Breast symp-
toms of stabbing pain weakened or disappea- 
red, and the hyperplasia range significantly nar-
rowed according to B-mode ultrasound results 
(hyperplastic nodules >0.5 cm shrank or disa- 
ppeared).

Ineffective: Physical examination: Breast symp-
toms of stabbing pain had no relief, and the 
hyperplasia aggravated according to B-mode 
ultrasound (the hyperplasia had no relief, or 
became bigger and harder).

Statistical methods

SPSS 12.0 software was used to statistically 
analyze the experimental data, and all the data 
were expressed as 

_
x  ± standard deviation (SD).

Results

Changes in breast height

After three months of intragastric administra-
tion, breast heights in the A and B groups were 
significantly reduced (P<0.05). Compared with 
the F group, the difference was not statistically 
significant (P>0.05). Furthermore, there was no 
significant difference in breast height between 
the C and E groups, and between the D and E 
groups (P>0.05, Figure 2). The curative dose of 
XRSJ had a marked inhibitory effect on mam-
mary gland hyperplasia.

Morphological changes in mammary tissues

Light microscopy examination: It was observed 
that mammary tissues in the F group had no 
hyperplastic lesion at 3× magnification by light 
microscopy. In the E group, typical mammary 
gland hyperplasia was found at 3× magnifica-
tion by microscopy, which manifested as a sig-
nificant increase in the number of lobules aci-

Figure 1. The appearance of hyperplasia of mamma-
ry gland in ultrasonography. In the figure, the black 
space in the box is a hyperplasia of the mammary 
gland.
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nus in the hyperplastic mammary glands, the 
layer number of ductal glandular epithelial ce- 
lls, and the number of connective tissues and 
blood capillaries (Figure 3). In the A and B gro- 
ups, these three indicators of mammary gland 
hyperplasia (the number of lobules acinus in 
the hyperplastic mammary glands, the layer 
number of ductal glandular epithelial cells and 
the number of connective tissues and blood 
capillaries) significantly decreased after treat-
ment, compared with that before treatment 
and with the E group, and the difference was 
statistically significant (P<0.05). However, there 
was no significant difference when compared 
with the F group (P>0.05). These breast tissues 
were almost normal. In the C and D groups, 
there was no significant treatment effect, and 
the hyperplasia of the mammary gland was 
obvious at 3× magnification by microscopy.

Examination by electron microscopy (Figure 
4A-C): The glandular epitheliums in the F group 
presented as monolayer cubes, were normally 
arranged, and had a uniform basement mem-
brane. Gland cells in the E group were multi-
layered and scale-arranged. In addition, the cell 
polarity disappeared and the papillae appear- 
ed. Furthermore, the number of mitochondria 

in the cytoplasm increased, in which the Golgi 
and rough endoplasmic reticulum were abun-
dant. Moreover, abundant glycogen granules 
were found in the cell nucleus. After treatment 
with XRSJ, the glandular epitheliums in the A 
and B groups were monolayered and arranged 
into a high columnar shape, the nucleus moved 
upwards, and the ductal glandular cavity tight-
ened. Compared with that before treatment 
and with the E group, the number of mitochon-
dria, Golgi and rough endoplasmic reticulum 
significantly decreased (P<0.05, Figure 4D). 
However, part of these hyperplastic cells died. 
In the A and B groups, the treatment effect was 
maintained for three months after the treat-
ment was discontinued, and there was no sig-
nificant difference when compared with three 
months after the administration of treatment 
(P>0.05). The difference in treatment effects  
in the C and D groups was not statistically 
significant.

Serum sexual hormone levels

The levels of serum E2 in the A-E groups were 
all significantly higher than those in the F group 
(P<0.01). After treatment, serum E2 values in 
the A, B and D groups decreased, and there 

Figure 2. A: Breasts of normal control group F (2×); B: Breasts of model group E (2×); C: Breasts of Group A after 
three months of treatment (2×); D: After 3 months of intragastric administration, XRSJ high and medium dose 
groups showed a significant reduction in breast height, 3.1 mm in the high dose group, and 2.7 mm in the medium 
dose group P<0.05; The other groups did not significant change *P>0.05.
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was no significant difference in serum E2 val-
ues at three months after the administration of 
treatment, when compared with the F group 
(P>0.05). Furthermore, E2 values were all sig-

nificantly lower than that in the E group (P< 
0.01). Serum E2 values in the A, B and D groups 
were stable, and there was no recurrence at 
three months after discontinuing the drugs. 

Figure 3. A: The acini of model group E in light microscopy (100×); B: The acini of the high dose XRSJ at the end of 
treatment light microscopy (100×); C-E: The data in this figure are average values measured by 100× light micros-
copy. After treatment with XRSJ, the three indicators of mammary gland hyperplasia, such as the number of acini, 
the number of ductal glandular epithelial cells, the number of connective tissue and capillaries, were significantly 
decreased compared with those before treatment (P<0.05); Other groups did not change significantly *P>0.05.
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The difference was not statistically significant 
when compared with that at the end of treat-
ment (P>0.05). Moreover, in the C group, the 
difference in serum E2 values before and after 
treatment was not statistically significant (Fig- 
ure 4E).

Content changes in Ki-67 protein in mammary 
gland hyperplasia cells (Figure 5A and 5B)

The expression of Ki-67 in mammary tissues in 
the F group were significantly lower than that in 
the E group (P<0.05). The expression of Ki-67 
in the A and B groups decreased after treat-
ment. There was a significant difference when 
compared with the E group (P<0.05), while 
there was no significant difference when com-

pared with the F group (P>0.05). Furthermore, 
there was no significant difference in Ki-67 ex- 
pression between A and B groups, and between 
the D and E groups (P>0.05).

Clinical effects

Three groups of patients received one month of 
treatment, and rechecked at the Outpatient Cli- 
nic at three months after completing the treat-
ment. These patients had breast symptoms of 
stabbing pain, which existed after receiving the 
corresponding treatment: treated with XRSJ, 
52 patients; treated with Xiaoyao Pills, 93 pa- 
tients; untreated patients, 135 patients (Figure 
5C and 5D). Furthermore, the following patients 
presented with hyperplastic nodules >0.5 cm 

Figure 4. A: Glandular epithelial cells of model group E: glandular cells were stratified, squamous arrangement, 
the cell polarity disappeared, showing papillary processes; B: Glandular epithelial cells of Group A three months 
after the treatment; C: Apoptotic cells of Group A three months after the treatment; D: Organelle content after the 
treatment discontinue drugs for 3 months. The data in this table are average values measured by 12000× electron 
microscopy. The organelle content refers to the total number of mitochondria, Golgi apparatus and rough endoplas-
mic reticulum. A, B and D group, the number of organelles decreased significantly *P<0.05, and three months after 
stopping the breast cell proliferation still has a role. C group has a certain effect, but relapse after stopping. There 
was no significant change in E and F groups. E: The serum E2 level in before, at the end of and 3 months after the 
treatment. A, B and D groups after treatment, the serum E2 decreased, and serum E2 level showed after stable 3 
months. Serum E2 value has decreased in C group. There was no significant change in E and F groups.
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after receiving the corresponding treatment: 
treated with XRSJ, 78 patients; treated with 
Xiaoyao Pills, 121 patients; untreated patients, 
147 patients.

Experimental summary

Compared with Xiaoyao Pills, XRSJ could signifi-
cantly inhibit mammary gland hyperplasia in 
rabbits, reduce breast height, decrease the 
number of lobules acinus in hyperplastic mam-
mary glands and the layer number of ductal 
glandular epithelial cells, and reduce serum E2 
and Ki-67 content. Both Xiaoyao Pill and XRSJ 

of breast cancer. Therefore, the treatment of 
mammary gland hyperplasia can not only allevi-
ate its symptoms and signs, but also play a role 
in preventing breast precancer. Therefore, XRSJ 
has important clinical significance on the treat-
ment of this disease.

Chinese medicine attributes mammary gland 
hyperplasia into the category of “nodules of  
the breast”. In modern medicine, only few drugs 
can be used for the treatment of mammary 
gland hyperplasia. XRSJ has been used clini-
cally for many years, which has shown marked 
effects. The investigator of the present study 

Figure 5. (A, B) The expression of Ki-67 protein was measured by immunohisto-
chemical method, Rabbit breast tissue was stained with goat antibody, and the 
expression of Ki-67 in group A was compared before and after treatment. (A) is 
a pre-treatment image; (B) is a 3-month post-treatment image. Positive IHC sig-
nals were visualized with brown color and do not stain or stain for the negative. 
(C, D) Outpatient group of patients with breast hyperplasia a total of 611 people 
dividing them into three groups receiving XRSJ, Xiaoyao Pill and no treatment, 
the treatment time was one month, three months after the completion of treat-
ment in outpatient review. After treatment, the symptoms of breast sting still 
exist: taking Xiaogan Sanjie: 52 cases; Xiaoyao Wan: 93 cases; not used: 135 
cases (C); Patients after treatment >0.5 cm proliferative nodules exist: taking 
Xiaogan Sanjie: 78 cases; Xiaoyao Wan: 121 cases; untreated: 147 cases (D).

could reduce serum E2, 
and there was no signifi-
cant difference in the re- 
duced E2 levels between 
these two treatments. How- 
ever, the therapeutic dose 
of XRSJ had a longer and 
more stable effect in reduc-
ing serum E2 levels with- 
out recurrence, when com-
pared with that of Xiaoyao 
Pills. These animal experi-
ments reveal that XRSJ 
could significantly inhibit 
hyperplasia in mammary 
gland cells, inhibit mam-
mary gland hyperplasia, re- 
duce Ki-67 and prevent pre- 
cancerous lesions.

Discussion

Mammary gland hyperpla-
sia is a kind of endocrine 
disorder mainly caused by 
an imbalance in the hypo-
thalamus-pituitary-ovarian 
endocrine axis. The increa- 
se in E2 secretion, the rela-
tive reduction in P secre-
tion, and the quality and 
quantity of abnormalities of 
E2 and P receptors all re- 
sult in excessive mammary 
gland hyperplasia and sub-
involution. These factors 
are the key to the onset of 
the disease [15]. Mamma- 
ry gland hyperplasia has 
been recognized as one of 
the precancerous lesions 
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has previously performed similar studies, which 
demonstrated that XRSJ can alleviate mam-
mary gland hyperplasia and decrease the level 
of E2 [13]. In a study conducted by Li Jingwei et 
al. on the effect of Yanghehuayan Decoction on 
breast precancer and Ki-67 expression in rats, 
it was revealed that Yanghehuayan Decoction 
has a certain prevention effect on breast can-
cer in rats [14]. This product also obtained a 
conclusion similar to the Yanghehuayan Decoc- 
tion, exhibiting that the product also had the 
ability to reduce the content of Ki-67 in mam-
mary gland cells, and may have a certain de- 
gree of inhibition on precancerous lesions. 
Some scholars have observed the therapeutic 
effect of tea polyphenols on mammary gland 
hyperplasia in model rats, and considered that 
tea polyphenols had a certain therapeutic 
effect on mammary gland hyperplasia in rats. 
However, further studies are needed to deter-
mine whether this could have any effect on 
Ki-67 levels in mammary gland cells [15].

At present, Western medicine treatments for 
mammary gland hyperplasia and breast pre-
cancer mainly rely on tamoxifen. However, this 
drug has adverse reactions. Tamoxifen can in- 
hibit the effect of estrogen on the bone, endo-
metrium and vaginal epithelium, and have 
some effect on liver function [16]. In addition, 
adverse reactions are unavoidable when using 
tamoxifen for patients with mammary gland 
hyperplasia.

In the present study, XRSJ was intragastrically 
administered to treat a mammary gland hyper-
plasia model for rabbits for three months, and 
a six-month monitoring program was perform- 
ed. Three observation points were set to ob- 
serve the difference between groups and with-
in groups: before the administration of XRSJ, 
three months after the administration of XRSJ, 
and three months after the discontinuance of 
XRSJ. The pathological sections confirm that 
high- and middle-doses of XRSJ could reverse 
the morphological changes of mammary tis-
sues induced by mammary gland hyperplasia, 
and induce these to return to normal (Figure 
2D). The serum sexual hormone test confirm- 
ed that high- and middle-doses of XRSJ could 
significantly reduce E2 content in the body, 
increase P content, and eliminate the initial fac-
tors of mammary gland hyperplasia. At three 
months after the end of the intragastric admin-
istration, the observation indicators in the A 

and B groups had no significant changes, and 
the curative effects of XRSJ were stable without 
recurrence. In order to further explore the clini-
cal efficacy of XRSJ in the treatment of mam-
mary gland hyperplasia, the investigator treat-
ed patients with mammary gland hyperplasia 
(241 patients) with oral XRSJ for one month, 
and performed a follow-up at three months 
after the treatment. The results revealed that 
XRSJ had a therapeutic effect on mammary 
gland hyperplasia, could relieve the symptoms 
of breast pain and reduce or eliminate mam-
mary mass, and had no obvious adverse reac-
tions. Some scholars have conducted related 
studies and obtained a similar conclusion with 
this experiment [17, 18], proving that XRSJ had 
an exact curative effect on mammary gland 
hyperplasia.

XRSJ could significantly downregulate the ac- 
tivity of mammary gland hyperplasia cells. The 
sharp reduction in various organelles indicates 
that XRSJ slowed down the metabolism of glan-
dular cells and inhibited their multipolar divi-
sion. Partial hyperplastic cell apoptosis sug-
gests that XRSJ could limit their growth and 
eventually eliminate hyperplastic cells (Figure 
4A-C). Furthermore, XRSJ could significantly re- 
duce the content of ki-67 in hyperplastic cells 
(Figure 5A and 5B). Ki-67 can be used as an 
indicator to predict the incidence of breast can-
cer, and to evaluate the prognosis by measur-
ing Ki-67 levels.

Ki-67 is a proliferative cell-associated nuclear 
antigen, and its function is closely correlated to 
mitosis. The abnormal expression of ki-67 lea- 
ds to the rapid proliferation of mammary gland 
epithelial cells, and even the occurrence of 
breast cancer. Therefore, the downregulation 
effect of XRSJ on Ki-67 has significant clinical 
therapeutic value, which may have a certain 
effect on the inhibition of breast precancer [19-
22]. The author considers that it may be closely 
associated with the ingredient of angelica in 
XRSJ. Angelica contains many lipid compounds 
such as ligustilide [23-25]. From the molecular 
point of view, ligustilide can significantly down-
regulate the intracellular expression of ROS, 
ERK and P38, thereby blocking the MAPK path-
way, which is an important way for cell prolifera-
tion and differentiation. This would induce cells 
to stop at a stable G0/G1 stage from the active 
G1/S stage to stop mitosis [26-29], eventually 
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resulting in hyperplastic cell apoptosis. Some 
studies have also pointed out that ligustilide 
could induce the regulation of OGD/R, affect 
intracellular iron metabolism, and cause the 
formation of free-radicals in cells, oxidative 
stress and cell apoptosis [30]. However, the 
specific mechanism therein remains to be con-
firmed. At the same time, ligustilide has anti-
inflammatory and neuroprotective effects (whi- 
ch improve activity and reduce inflammatory 
markers through its anti-oxidation and anticho-
linergic effects to some extent), and the main 
clinical manifestation of mammary gland hyper-
plasia-pain may also be alleviated through this 
approach [31, 32].

Conclusion

XRSJ can significantly reverse mammary gland 
hyperplasia and reduce E2 levels with stable 
efficacy, substantially downregulate the activity 
of mammary gland hyperplasia cells of rabbits, 
and partly cause hyperplastic cell apoptosis. It 
can also relieve breast pain, reduce the mass 
of hyperplasia, and may prevent breast precan- 
cer.
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