
Frontiers in Endocrinology | www.frontiersi

Edited by:
Ibrahim A. Abdelazim,

Ain Shams University, Egypt

Reviewed by:
Akmal El-Mazny,

Cairo University, Egypt
Lang Qin,

Sichuan University, China
Hong Cai,

Hangzhou First People’s
Hospital, China

*Correspondence:
Li Shen

shenlihuanhuan@163.com
Jie Wu

wujiemd@126.com
Jiming Chen

cjming@126.com

†These authors share first authorship

Specialty section:
This article was submitted to
Experimental Endocrinology,

a section of the journal
Frontiers in Endocrinology

Received: 13 January 2022
Accepted: 19 April 2022
Published: 09 June 2022

Citation:
Qin Z, Dong Z, Liu J, Zhong A, Bao M,

Wang H, Yu H, Zhang S, Zhang W,
Shen L, Wu J and Chen J (2022)
A Preliminary Study on the Effects

of Black Cohosh Preparations
on Bone Metabolism of Rat

Models With GnRH-a-Induced
Peri-Menopausal Symptoms.
Front. Endocrinol. 13:854345.

doi: 10.3389/fendo.2022.854345

ORIGINAL RESEARCH
published: 09 June 2022

doi: 10.3389/fendo.2022.854345
A Preliminary Study on the Effects
of Black Cohosh Preparations on
Bone Metabolism of Rat Models
With GnRH-a-Induced Peri-
Menopausal Symptoms
Zhenyue Qin1†, Zhiyong Dong1†, Junling Liu1, Ahong Zhong1, Mingyue Bao1,
Huihui Wang1, Hongxia Yu1, Shoufeng Zhang1, Wendi Zhang1, Li Shen1*,
Jie Wu2* and Jiming Chen1*

1 Department of Obstetrics and Gynecology, The Affiliated Changzhou No.2 People’s Hospital of Nanjing Medical University,
Changzhou, China, 2 State Key Laboratory of Reproductive Medicine, Nanjing Medical University；Department of Obstetrics
and Gynecology, The First Affiliated Hospital of Nanjing Medical University, Nanjing, China

Background: Endometriosis (EMS) is a relapsing and estrogen-dependent disease. For
endometriosis such as deep endometriosis and ovarian endometrioid cysts, surgery is the
most effective treatment. Long-term follow-up showed that the recurrence rate of
endometriosis after surgical treatment was high, so postoperative drugs were needed
to reduce recurrence, and Gonadotropin-releasing hormone agonists (GnRH-a) were the
most commonly used drug for postoperative management.GnRH-a may reduce the post-
treatment endometriosis relapses by lowering the hormone levels in the body. However,
the use of GnRH-a can give rise to perimenopausal symptoms, especially osteoporosis,
bone loss, and bone pain, for which reason GnRH-a use is often limited. The add-back
therapy is often used to alleviate the untoward effects caused by GnRH-a. However, long-
term use of hormone drugs may lead to EMS recurrence, thrombosis, and breast cancer.
Therefore, a safer and more effective drug is urgently needed to alleviate the untoward
effects caused by GnRH-a. In recent years, scholars at home and abroad have found that
isopropanolic Cimicifuga racemosa extract (ICR), as a plant extract, can better relieve the
symptoms of perimenopausal women. At the same time, some studies have initially
confirmed that black cohosh preparations can relieve the perimenopausal symptoms
caused by GnRH-a treatment in EMS patients.

Objective: To investigate the effect of black cohosh preparations on the bone metabolism
of rat models with GnRH-a-induced perimenopausal symptoms.

Methods: The rat models of perimenopausal symptoms were established by GnRH-a
injection. and normal saline (NS injection) was used as the control. According to the
modeling method and drug intervention, the rats were randomly divided into four groups:
GnRH-a injection + saline intervention group (GnRH-a + NS), saline injection control +
saline intervention group (NS + NS), GnRH-a injection + estradiol intervention group
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(GnRH-a + E2), and GnRH-a injection + black cohosh preparation intervention group
(GnRH-a + ICR). The rat models were identified with the vaginal smear method, and then
the corresponding drug intervention was administrated for 28 days. After the intervention,
the rats were sacrificed. The rats’ bone mineral density (BMD) of the distal femur was
detected by a dual-energy X-ray bone density scanner. Rat tibia bone tissues were
decalcified and made into slices. The pathological and morphological changes of rat tibial
bones in each group were observed through HE staining. Histomorphometry parameters
of rat tibial bones in each group, such as trabecular bone volume (TBV), trabecular
thickness (TbTh), trabecular number (TbN), and trabecular spacing (TbSp), were detected
and analyzed by using an automatic image analysis system.

Results: (1) The BMD level of the distal femur in the GnRH-a + NS group was significantly
lower than the NS + NS, GnRH-a + E2, and GnRH-a + ICR groups (P<0.01), the BMD levels
in GnRH-a + E2 and GnRH-a + ICR groups were slightly lower than the NS + NS group, but
there was no significant difference among the three groups (P>0.05). (2) The pathological
changes of the tibia bones under the microscope in different groups were as follows: The tibia
bone trabecular structure was normal in the NS + NS group, without trabecular thinning or
fracture, and the arch structure was normal. In the GnRH-a + NS group, some trabecular
structures tapered, the arch structure disappeared, but no obvious bone fracture was
observed in the trabecula. In the GnRH-a + E2 and GnRH-a + ICR groups, the trabecular
structures were normal, without trabecular bone thinning or fracture, and the arch structures
were normal. (3) The TBV level of the GnRH-a + INS group was significantly lower than that of
the NS +NS, GnRH-a + E2 andGnRH-a + ICR groups (P<0.01, P<0.05, P<0.01), while there
was no significant difference among NS + NS, GnRH-a + E2 and GnRH-a + ICR groups
(P>0.05). (4) The TbTh levels in the four groups had no significant difference (P>0.05).
Compared with the NS + NS group, the TbTh levels in the GnRH-a + NS, GnRH-a + E2, and
GnRH-a + ICR groups showed a descending tendency, while the TbTh levels in the GnRH-
a + E2 and GnRH-a + ICR groups were slightly higher than that of the GnRH-a + NS group.
However, such differences were not significant statistically (P>0.05). (5) Compared with the
NS + NS group, the TbN levels in the GnRH-a + NS, GnRH-a + E2, and GnRH-a + ICR
groups decreased remarkably (P<0.05). Compared with the GnRH-a + NS group, the TbN
levels in the GnRH-a + E2 and GnRH-a + ICR groups showed a mild descending tendency,
but such differences were not significant statistically (P>0.05). (6) The TbSp level of the GnRH-
a + NS group was significantly higher than that of the NS + NS, GnRH-a + E2, and GnRH-a +
ICR groups (P<0.01), while there was no significant difference among NS + NS, GnRH-a + E2
and GnRH-a + ICR groups (P>0.05).

Conclusion: The GnRH-a injection could achieve the desired effect. GnRH-a injection
may lead to the loss of bone mass in rats. Black cohosh preparations, like estrogen, may
have a protective effect on bone mass loss caused by GnRH-a injection.
Keywords: black cohosh preparations, GnRH-a injection, peri-menopausal symptom rat models, bone metabolism,
preliminary study
INTRODUCTION

Endometriosis (EMS) is a common gynecological benign disease.
About 10%-15% of women of childbearing age suffer from this
disease (1), and the incidence has increased significantly in
n.org 2
recent years (2). It also is one of the biggest challenges for
gynecologists. For EMS treatment, laparoscopic surgery
combined with drug therapy is currently the best combined
solution. Adding gonadotropin-releasing hormone agonist
(GnRH-a) after surgery can effectively prevent the disease
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recurrence (3). Main side effects after longtime use of GnRH-a
are perimenopausal symptoms and osteoporosis caused by low
estrogen. Long-term GnRH-a treatment will deteriorate bone
loss, and some patients may suffer from severe bone pain
symptoms. Some scholars have proposed to use the add-back
therapy from the beginning of GnRH-a use (4). However,
longtime use of hormones may increase the incidence of
hormone-dependent diseases (5).

Black cohosh (cimicifugae racemosa, or CR) is a plant of the
Ranunculaceae and is effective in relieving perimenopausal
symptoms in postmenopausal women. However, most of the
current studies focus on the treatment of healthy natural
menopausal and perimenopausal women. According to related
studies, the main physiological functions of black cohosh include
(1): the effect on the reproductive endocrine system. Black
cohosh does not increase the serum estrogen level or stimulate
endometrial hyperplasia (6). Black cohosh extract had no
estrogenic effect on the uterus and vagina. Its mechanism of
action may be related to the fact that black cohosh contains both
tissue-selective estrogenic agonists (estrogen-like effects in
bones) and antagonists (anti-estrogenic effects in breast and
endometrium) (7) (2). The role of black cohosh in the nervous
system. Black cohosh can act on the 5-HT neurotransmitter
system, which may be one of the reasons why black cohosh can
relieve hot flashes and improve mood (3). The role of black
cohosh in preventing osteoporosis. Black cohosh has an
estrogen-like effect and can prevent and treat osteoporosis
caused by a lack of estrogen. Some scholars have studied rats
with artificially induced osteoporosis and found that black
cohosh extract has a similar effect to that of raloxifene in
treatment of osteoporosis (8). The study found that black
cohosh extract can reduce the content of adrenocorticotropic
hormone (ACTH) in the peripheral blood of ovariectomized rats
and improve the osteoporosis of ovariectomized rats (9). Studies
had also confirmed that the active ingredients of black cohosh
can inhibit osteoclast-like cells (10) (4). The role in tumor
inhibition. Compared with estrogen drugs, black cohosh has a
significant advantage in that it not only won’t increase the risk of
breast and endometrial cancer but also has a certain anticancer
effect (11, 12) (5). The effect on the cardiovascular system. After
treatment with isopropanol extract, the total cholesterol (TC)
content did not change significantly, but the high-density
cholesterol (HDL-C) increased significantly and the low-
density cholesterol (LDL-C) decreased significantly. Therefore,
it is inferred that the black cohosh extract can be used in
cardiovascular disease treatment (13).

Black cohosh preparations can better relieve the
perimenopausal symptoms of natural menopause, so we can
infer that it can also effectively antagonize the perimenopausal
symptoms of EMS patients treated with GnRH-a. However, the
efficacy, safety, and mechanism of black cohosh preparations in
antagonizing perimenopausal symptoms caused by GnRH-a, and
whether black cohosh preparations can provide the same good
bone protection as estrogen can are not clear, and need further
discussions and studies. For this purpose, we have designed the
following experiment to identify the effect of black cohosh
Frontiers in Endocrinology | www.frontiersin.org 3
preparations on bone metabolism in a rat model of GnRH-a-
induced perimenopausal symptoms.
MATERIALS AND METHODS

Materials
Experimental Animals
Twenty-four female Sprague-Dawley (SD) clean rats, aged 5 to 6
weeks and weighing (200 ± 20)g, were purchased from the Slac
Laboratory Animal, with approval from the Experimental
Animal Welfare Ethics Committee. The license number for
experimental animals: SCXK(Hu) 2012-0002. Six rats/fed in
polycarbonate cage with sufficient food and water. The rats
were free to drink and eat during the experiment. The rats
were fed with granular feed without soybean until the end of the
experiment, so as to eliminate the influence of phytoestrogen on
the result. The rats were kept at room temperature of (25 ± 1)°C,
relative humidity of 50%-55%, and a circadian rhythm of 12
hours. After the rats got used to the feeding environment for one
week, the experiment officially started. In this study, all
experimental operations on the experimental animals were
carried out by personnel with an experimental animal work
certificate. All experimental operations complied with the
Regulations on Experimental Animals of the People’s Republic
of China promulgated by the State Scientific and Technological
Commission of China and the Regulations on Laboratory
Animals of Jiangsu Province.

Investigational Drugs and Reagents
(1) Black cohosh preparations (Schaper & Briimmer GmbH &
Co. KG, Germany) (2). Estradiol valerate (Guangzhou Branch of
Bayer Healthcare Co., Ltd.), trade name Progynova, 1 mg/tablet
(3). Gonadotropin-releasing hormone agonist (GnRH-a):
(Beaufour Ipsen France), 3.75 mg/injection (4). 0.9% saline for
injection (0.9% saline, NS): (Zhejiang Jimin Pharmaceutical
Factory) (5). 10% chloral hydrate:10g of chloral hydrate was
dissolved in a proper amount of physiological saline, the volume
was fixed to 100ml, and the mixture was fully stirred and mixed
with an electromagnetic stirrer so that the 10% concentration
required for injection was prepared.

Main Experimental Reagents
(1) Xylene (Chengdu Kelong Chemical Reagent Factory) (2);
Absolute ethanol (Chengdu Kelong Chemical Reagent Factory)
(3); Hematoxylin (SIGMA, batch number: 041M0014V) (4);
Eosin (Shanghai Maikun Chemical Co., Ltd., batch number:
20120831) (5); Hydrochloric acid solution (Hangzhou
Shuanglin Chemical Reagent Factory) (6); Neutral balsam
(Shanghai Specimen Model Factory).

Main Instruments and Equipment
(1) Ultra-low temperature refrigerator (BS-812) (2); High-speed
freezing centrifuge (Hunan Xiangyi Equipment, model TGL-
16m) (3); Stereotaxic apparatus (Chengdu Taimeng Technology
Co. Ltd., model DW-2000) (4); Electronic thermometer
June 2022 | Volume 13 | Article 854345
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(Hangzhou Yisida Co. Ltd., measuring range 0-100°C) (5);
Electronic balance (Mettler Toledo, Switzerland, model GB204)
(6); Full-wavelength microplate reader (USA MD, model
SpectraPlus 384) (7); Incubator (Shanghai Jinghong, model
DHG-9070A) (8); Micropipettor (9); Rotary slicer (LEICA,
RM2235) (10); Pathological tissue drier (Changzhou Haosilin
Instrument and Equipment Co. Ltd., tec2500); AD microscope
(OLYMPUS,BX43) (11); Water-jacket constant temperature
incubator (Shanghai Yuejin Medical Equipment Co. Ltd., PYX-
DHS500BS-II) (12); Multifunctional infrared digital
thermometer (SHARP, Japan).

Methods
Animal Modeling
(1) Animal modeling by drug castration with GnRH-a injection:
GnRH-a (Triptorelin Acetate for Injection) was injected
intramuscularly for 7 days to SD adult female rats, and then
maintained at 1/5 of the initial dose every day. The dosage of
GnRH-a was the routine clinical dosage of 0.05 mg/kg, and the
maintenance dosage of 0.01mg/kg, which was obtained after
conversion according to the body surface area of humans and
rats from the human standard weight to animal non-standard
weight:Db = Da.Rab.Sb

(2) Saline injection control group: Normal saline was injected
intramuscularly for 7 days to SD adult female rats, and then
maintained at 1/5 of the initial dose every day. The purpose of
setting up the normal saline control group was to remove the
confounding factors in the trial result caused by drug injection.

Analysis of Vaginal Smears in Rats
To test whether modeling with the GnRH-a injection was
successful, vaginal smears were done once every day two weeks
after GnRH-a injection (intramuscular injection at 0.06mg/kg for
one week, intramuscular injection at 0.012mg/kg for one week)
to observe the modeling effect. The vaginal smear analytical
method was used for examination. A dropper filled with 0.9%
normal saline was gently inserted into the vagina of the rat by
about 1-2cm, and normal saline was injected and then sucked
out, which was repeated two to three times. The vaginal
irrigation solution in the dropper was dripped on the glass
slide. The number of semitransparent flat epidermal cells in
the liquid was observed under the inverted height electron
microscope for 5 to 7 days. If the number of flat epidermal
cells did not increase on the continuous observation days, it
showed that GnRH-a modeling was successful; otherwise, it
failed, and the rat should be excluded as an experimental
subject. The specific method has been described in detail with
the same series of tests (14).

Drug Formulation Configuration and Gavage
All rats started drug treatment after successful model
identification (in the 4th week of GnRH-a injection). The
experimental drugs were prepared as follows: estradiol valerate
(E2) and black cohosh preparation (ICR) tablets were treated
with ultrasound and dissolved in sterile saline to form a uniform
turbid solution. The following doses were given by intragastric
Frontiers in Endocrinology | www.frontiersin.org 4
administration from 8:00 a.m. to 9:00 a.m. every day. GnRH-a +
NS group: normal saline gavage, 10 mL/kg; NS + NS group:
normal saline gavage, 10 mL/kg; GnRH-a + E2 group: E2 gavage,
0.8 mg/kg; GnRH-a + ICR group: ICR gavage, 60mg/kg (crude
drug). The rats were weighed every other day, and the dosage was
adjusted according to the changes in body weight. The specific
method has been described in detail with the same series of
tests (14).

Specific Experimental Grouping and Medication
Intervention Plan
After the experimental animal modeling was identified as
successful, the rats were randomly divided into four groups
according to the modeling method and drug intervention
scheme, with six rats in each group:

(1) GnRH-a injection + normal saline intervention group
(GnRH-a + NS): After the GnRH-a injection modeling was
identified as successful, normal saline for injection (10 mL/
kg) started to be given intragastrically (10 mL/kg) every day
from Week 4 after GnRH-a injection, for a total of 28 days;

(2) Normal saline injection control + normal saline intervention
group (NS + NS): After modeling of the NS injection control
groupwas identifiedas successful,normal saline for injection (10
mL/kg) started to be given intragastrically (10mL/kg) every day
fromWeek 4 after NS injection, for a total of 28 days;

(3) GnRH-a injection + estradiol intervention group (GnRH-a +
E2): After the GnRH-a injection modeling was identified as
successful, E2 started to be given intragastrically every day
(0.8 mg/kg) from Week 4 after GnRH-a injection, for a total
of 28 days;

(4) GnRH-a injection + black cohosh preparation intervention
group (GnRH-a + ICR): After the GnRH-a injection modeling
was identified as successful, ICR started to be given
intragastrically every day (60 mg/kg based on crude drugs)
fromWeek 4 after GnRH-a injection, for a total of 28 days.
Collection of Bone Tissue Samples and
Determination of Bone Mineral Density (BMD) of the
Distal Femur of Rats
After the experimental rats were sacrificed, the right femurs of
the rats were taken and the fibrous connective tissues such as
muscles and ligaments around the bones were removed and
stored at -20°C. A dual-energy X-ray bone density scanner and
the attached small animal bone density measurement software
(Rat Whole Body V 5.73) were used to detect the bone density of
the distal femur of the rat. During measurement, each isolated
femur specimen was put in a plexiglass box in order, distilled
water (with the water level just over the surfaces of all bone
specimens) was injected, and then the bone was scanned with the
dual-energy X-ray bone density scanner. In the analysis, the bone
density of each bone tissue as a whole was measured first, and
then the local one-third area of the distal femur was measured.
Each area was measured three times and the average value
was taken.
June 2022 | Volume 13 | Article 854345
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Automatic Image Analysis System to Measure
Morphometric Parameters of Bone Tissue
The pathological changes of the tibia in the rat model were
observed by HE staining. The fixed tissue was taken and replaced
with EDTA decalcification solution for decalcification. The
decalcification solution was changed once a week and the
decalcification time was about 8 weeks. After decalcification
was completed, the solution was changed to the fixation
solution. After 2 days of fixation, an automatic image analysis
system was used to observe the morphometric changes of the
upper tibia bone tissue in the rat model.

With the American Osteo Measurexp automatic image
analysis system, as well as a frozen image input instrument, a
research microscope, and a pathological image analyzer used, the
rat’s right tibial proximal metaphysis (cancellous bone at a
distance of about 1 mm from the epiphyseal cartilage plate)
was measured to get the following four indicators (1): Trabecular
bone volume (TBV); (2) Trabecular number (TbN) (1/mm2); (3)
Trabecular thickness (TbTh) (mm); and (4) Trabecular spacing
(TbSp) �X ± s (mm).

Statistical Analysis
The SPSS13.0 software package was used for statistical analysis. All
measurement data were expressed by mean ± standard deviation
(�X ± s), and the mean values of multiple samples in a group design
were compared with one-way analysis of variance. If the result is
significant, the groups were further compared by using Turkey’s
test. The countdatawas tested byc2. If thec2 test results ofmultiple
groups were significant, then a c2 test was performed on the two
groups. P<0.05 was considered statistically significant. GraphPad
Prism 5 software was used to draw related charts.
RESULTS

Comparison of BMD of the Distal Femur of
Rats in Each Group
The distal femur BMD of rats in the four groups of NS + NS,
GnRH-a + NS, GnRH-a + E2, and GnRH-a + ICR was (4.518 ±
0.3698) g/cm3, (2.363 ± 0.1598) g/cm3, (3.797 ± 0.2579) g/cm3

and (3.511 ± 0.3197) g/cm3 (see Figure 1). There was a
significant difference in BMD between the four groups of
(P<0.01). The BMD level of the GnRH-a + NS group was
significantly lower than that of the NS + NS, GnRH-a + E2,
and GnRH-a + ICR groups (P<0.01), while that of the GnRH-a +
E2 and GnRH-a + ICR groups was slightly lower than that of the
NS + NS group, but the difference between the three groups was
not statistically significant (P>0.05).

Pathological Changes of Tibia in
Each Group
The morphology and structure of the tibia trabecular bone of the
rats in the NS + NS control group were observed under a
microscope, with no thinning or fracture, a normal arch
structure, no osteoclasts around the trabecular bone, and no
bone depression in the bone cells (Figure 2 NS + NS). Part of the
Frontiers in Endocrinology | www.frontiersin.org 5
bone trabecula in the GnRH-a + NS group became thinner, and
the arched structure disappeared, but the trabecular bone was
not broken, and no obvious bone depression was discovered
(Figure 2 GnRH-a + NS). Compared with the NS + NS control
group, the morphology and structure of tibial trabeculae in the
GnRH-a + E2 and GnRH-a + ICR groups were basically normal,
without obvious thinning or fracture, and the arch structure was
basically normal (Figure 2 GnRH-a + E2 and GnRH-a + ICR).

Comparison of Histomorphometric
Parameters of Tibia Bone in Each Group
The four groups of rats (NS + NS, GnRH-a + NS, GnRH-a + E2,
and GnRH-a + ICR) exhibited significant differences in TBV
(P<0.01). The TBV in the GnRH-a + NS group was significantly
lower than that of the NS + NS, GnRH-a + E2 and GnRH-a +
ICR groups (P<0.01, P<0.05, P<0.01). The differences between
the NS + NS, GnRH-a + E2 and GnRH-a + ICR groups (P>0.05)
were not statistically significant (Figure 3 TBV). The differences
in TbTh between the four groups of rats (NS + NS, GnRH-a +
NS, GnRH-a + E2, and GnRH-a + ICR) (P>0.05) were not
statistically significant. GnRH-a + NS, GnRH-a + E2, and
GnRH-a + ICR groups showed a downward trend compared
with the NS + NS group. Although the values of the GnRH-a +
E2 and GnRH-a + ICR groups were slightly higher than that of
the GnRH-a + NS group, statistical analysis results showed that
the difference was not statistically significant (P>0.05) (Figure 3
TbTh). The four groups of rats (NS + NS, GnRH-a + NS, GnRH-
a + E2, and GnRH-a + ICR) had significant differences in TbN
(P<0.05), and the GnRH-a + NS, GnRH-a + E2, and GnRH-a +
ICR groups all showed significant drops compared with the NS +
NS group (P<0.05). GnRH-a + E2 and GnRH-a + ICR groups
showed a slight upward trend compared with the GnRH-a + NS
FIGURE 1 | Comparison of the distal femur BMD of rats in each group.
**P<0.01 vs. NS + NS; ##P<0.01 vs, GnRH-a + NS
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FIGURE 2 | Pathological changes of the tibia in each group.
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group, but the differences between the three groups were not
statistically significant (P>0.05) (Figure 3 TbN). The four groups
of rats (NS + NS, GnRH-a + NS, GnRH-a + E2, and GnRH-a +
ICR) had significant differences in TbSp (P<0.01). The TbSp in
the GnRH-a + NS group was significantly higher than that of the
NS + NS, GnRH-a + E2, and GnRH-a + ICR groups (P<0.01).
The differences between the three groups of NS + NS, GnRH-a +
E2, and GnRH-a + ICR groups were not statistically significant
(P>0.05) (Figure 3 TbSp) (Table 1).
DISCUSSION

EMS is prone to relapse after surgery and GnRH-a plays a very
important role in postoperative drug treatment (15). The main
side effects after GnRH-a treatment are perimenopausal
symptoms and osteoporosis caused by a low estrogen level,
and the post-treatment symptoms of low estrogen are obvious.
Long-term treatment can cause serious bone loss and the effect of
GnRH-a treatment on bone metabolism may be long-lasting and
far-reaching (4, 16). Therefore, someone advocated using small
dose estrogen and progesterone 3 to 6 months after GnRH-a
injection, which is the add-back therapy (17–19). By adding
estrogen, estradiol can control ectopic lesions without affecting
bone metabolism (20).
Frontiers in Endocrinology | www.frontiersin.org 7
However, the low-dose estrogen used in the add-back therapy
may still increase the estrogen level in the patients. Excessive
estrogen levels may lead to the growth of EMS lesions and
reoccurrence of pain. Meanwhile, the use of hormones may
increase the risk of hormone-dependent tumors (21).
Therefore, finding other effective and safe add-back drugs
requires an urgent solution.

As a natural botanical medicine, black cohosh has been used in
European and American markets for more than two centuries.
The research efforts over the years have developed the following
hypotheses on the action mechanism of black cohosh (1). Selective
estrogen receptor modulator (SERM) (2); Playing a role through
the neurotransmitter serotonin 5-hydroxy tryptamine(5-HT)
pathway (3); Antioxidation; and (4) Playing a role through
inflammation (22). Among them, the first and second
mechanisms are closely related to the relief of perimenopausal
symptoms. A case-control study on 949 breast cancer patients and
1524 non-breast cancer patients found that the use of black cohosh
can significantly reduce the incidence of breast cancer in patients
using hormone replacement therapy (HRT), and found that black
cohosh has anti-estrogen, anti-proliferation, and antioxidant
effects, suggesting that black cohosh can be used in the
prevention and treatment of breast cancer (23).

Black cohosh extract can effectively relieve various
perimenopausal symptoms such as hot flashes, mental
symptoms, and vaginal atrophy (24, 25). Numerous studies
FIGURE 3 | Comparison of histometric parameters of tibia bone in each group. *P < 0.05, **P < 0.01 vs. NS + NS; #P < 0.05, ##P < 0.01 vs. GnRH-a + NS.
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have confirmed the clinical efficacy and safety of black cohosh
preparations in perimenopausal syndrome (26–30). Some animal
experiments and clinical studies have preliminarily discussed the
beneficial effect of black cohosh preparations on osteoporosis
(31–34). Some scholars have applied black cohosh preparations
to the treatment of perimenopausal symptoms caused by GnRH-
a in patients with EMS, and satisfactory results have been
achieved (35–38). Previously, our team has confirmed that the
effect of black cohosh preparations in treating perimenopausal
symptoms in patients with EMS treated with GnRH-a is similar
to that of tibolone and that black cohosh preparations have no
obvious estrogen-like effect or any significant effect on serum sex
hormone levels and endometrial thickness (39).

However, only a few reports in animal experiments and clinical
studies have studied whether black cohosh preparations can
effectively relieve perimenopausal symptoms caused by GnRH-a
and effectively prevent or treat bone mass loss, osteoporosis, and
even bone pain caused by long-term use of GnRH-a, and more data
are needed to confirm the effects (12, 40). This study will explore the
effect of black cohosh preparations on bone metabolism of rat
models with perimenopausal symptoms caused by GnRH-a
injection and preliminarily identify whether black cohosh
preparations play a role in bone protection in GnRH-a add-back
therapy, which will guide the correct application of black cohosh
preparations in clinical practices. The bone loss caused by GnRH-a
treatment is particularly prominent in the lumbar vertebrae and
femurs (41, 42). Bone histology metrology is a newly developed
method for the quantitative study of bone tissue. It transforms the
bone tissue morphology shown in two-dimensional images in bone
tissue sections into quantitative data so that the changes in bone
structure can be identified at the tissue and cellular level. In this
study, a rat model of perimenopausal symptoms was established by
GnRH-a injection and then the bone mineral density of the distal
femur of the rats was detected using a dual-energy X-ray bone
mineral density scanner and the attached small animal bone
mineral density measurement software. The bone tissue was
decalcified and made into slices. The pathological changes of the
tibia in each group of rat models were observed by HE staining. The
bone histometric parameters of each group of rats were analyzed by
the automatic image analysis system. The relative volume of
trabecular bone (TBV), trabecular bone thickness (TbTh),
trabecular bone number (TbN), and trabecular bone separation
(TbSp), among other indicators, were calculated to explore the
effects of different drug interventions on bone metabolism in rats.
The results showed that GnRH-a injection can decrease the bone
mineral density of the distal femur of rats, while the bone mineral
density value increased after the intervention of estradiol or black
cohosh preparations. In addition, it was observed under the
Frontiers in Endocrinology | www.frontiersin.org 8
microscope that the GnRH-a injection can lead to changes in the
morphological structure of the tibia trabecula of rats, such as
trabecular bone thinning and arch structure disappearance. After
the intervention of estradiol or black cohosh preparations, the
trabecular bone morphology and structure could be partially
restored to normal, and the arched structure basically remained
normal. In addition, the analysis results of the fully automated
image analysis system in this study suggest that GnRH-a injection
can lead to a decrease in the relative volume of TBV, the thickness of
TbTh, and the TbN, and an increase in TbSp, an indicator of rat
osteoclast activity (bone resorption), and the intervention with black
cohosh preparations and estradiol can both reverse this trend to a
certain extent. These findings suggest that the use of GnRH-a may
lead to bone mass loss or even osteoporosis in patients, and black
cohosh preparations and estradiol can reverse this bone loss process
to a certain extent. The patient’s bone metabolism plays a certain
protective role, which is consistent with the results reported in the
relevant literature (8, 9, 33).

In recent years, some literature has mentioned that Vilaprisan
is used in the treatment of perimenopausal women. Compared
with GnRH-a, Vilaprisan may have a better effect with lower side
effects (43, 44). However, this kind of drug is not widely used in
China, so GnRH-a is still used in this study, which is also one of
the shortcomings of this paper. We also look forward to studying
the black cohosh effects used in Vilaprisan treatment. Another
deficiency of this paper is that the sample size is small and more
sample data may be needed to verify the efficacy of this study.

The osteoprotective effect of black cohosh preparations may
be related to its role as a selective estrogen receptor modulator
(SERM) (45), which can exhibit estrogen-like effects on bone
tissue and activate estrogen receptors in bones (46). In addition,
some studies found that black cohosh extract may directly
promote osteoblast activity and inhibit the synthesis and
resorption of osteoclasts, thereby increasing bone production
and reducing bone resorption (10). However, the specific
adjustment mechanism has not yet been clarified, and further
research is still needed.

In conclusion, The GnRH-a injection could achieve the desired
effect. GnRH-a injection may lead to bone mass loss in rats. Black
cohosh preparations, like estrogen, may have a certain protective
effect on the bone mass loss caused by GnRH-a injection.
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40. Wuttke W, Gorkow C, Seidlová-Wuttke D. Effects of Black Cohosh
(Cimicifuga Racemosa) on Bone Turnover,Vaginal Mucosa,and Various
Blood Parameters in Postmenopausal Women:a Double-Blind,Placebo-
Controlled,and Conjugated Estrogens-Controlled Study. Menopause (2006)
13:185–96. doi: 10.1097/01.gme.0000174470.44822.57
Frontiers in Endocrinology | www.frontiersin.org 10
41. Divasta Amy D, Laufer Marc R, Gordon Catherine M. Bone Density in
Adolescents Treated With a GnRH Agonist and Add-Back Therapy for
Endometriosis. J Pediatr Adolesc Gynecol (2007) 20:293–7. doi: 10.1016/
j.jpag.2007.04.008

42. DiVasta AD, Feldman HA, Sadler Gallagher J, Stokes NA, Laufer MR,
Hornstein MD, et al. Hormonal Add-Back Therapy for Females Treated
With Gonadotropin-Releasing Hormone Agonist for Endometriosis:A
Randomized Controlled Trial. Obstet Gynecol (2015) 126(3):617–27. doi:
10.1097/AOG.0000000000000964

43. Dababou S, Garzon S, Laganà AS, Ferrero S, Evangelisti G, Noventa M, et al.
Linzagolix:a New GnRH-Atagonist Under Investigation for the Treatment of
Endometriosis and Uterine Myomas. Expert Opin Investig Drugs (2021) 30
(9):903–11. doi: 10.1080/13543784.2021.1957830

44. Ciebiera M, Vitale SG, Ferrero S, Vilos GA, Barra F, Caruso S, et al. Vilaprisan,
a New Selective Progesterone Receptor Modulator in Uterine Fibroid
Pharmacotherapy-Will it Really be a Breakthrough? Curr Pharm Des (2020)
26(3):300–9. doi: 10.2174/1381612826666200127092208

45. Seidlova-Wuttke D, Hesse O, Jarry H, Christoffel V, Spengler B, Becker T,
et al. Evidence for Selective Estrogen Receptor Modulator Activity in a Black
Cohosh(Cimicifuga Racemosa) Extract:Comparison With Estradiol-17beta.
Eur J Endocrinol (2003) 149(4):351–62. doi: 10.1530/eje.0.1490351

46. Bolle P, Mastrangelo S, Perrone F, Evandri MG. Estrogen-Like Effect of a
Cimicifuga Racemosa Extract Sub-Fraction as Assessed by In Vivo, Ex Vivo
and In Vitro Assays. J Steroid Biochem Mol Biol (2007) 107(3–5):262–9. doi:
10.1016/j.jsbmb.2007.03.044

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Qin, Dong, Liu, Zhong, Bao, Wang, Yu, Zhang, Zhang, Shen, Wu
and Chen. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in other
forums is permitted, provided the original author(s) and the copyright owner(s) are
credited and that the original publication in this journal is cited, in accordance with
accepted academic practice. No use, distribution or reproduction is permitted which
does not comply with these terms.
June 2022 | Volume 13 | Article 854345

https://doi.org/10.1089/jwh.1998.7.525
https://doi.org/10.1078/09447110260571733
https://doi.org/10.1517/14740338.3.6.615
https://doi.org/10.1210/en.2008-0817
https://doi.org/10.1002/ptr.3624
https://doi.org/10.1371/journal.pone.0082815
https://doi.org/10.1002/14651858.CD007244.pub2
https://doi.org/10.12659/MSM.891353
https://doi.org/10.3785/j.issn.1008-9292.2020.06.06
https://doi.org/10.3969/j.issn.1673-5293.2014.02.064
https://doi.org/10.1097/01.gme.0000174470.44822.57
https://doi.org/10.1016/j.jpag.2007.04.008
https://doi.org/10.1016/j.jpag.2007.04.008
https://doi.org/10.1097/AOG.0000000000000964
https://doi.org/10.1080/13543784.2021.1957830
https://doi.org/10.2174/1381612826666200127092208
https://doi.org/10.1530/eje.0.1490351
https://doi.org/10.1016/j.jsbmb.2007.03.044
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	A Preliminary Study on the Effects of Black Cohosh Preparations on Bone Metabolism of Rat Models With GnRH-a-Induced Peri-Menopausal Symptoms
	Introduction
	Materials and Methods
	Materials
	Experimental Animals
	Investigational Drugs and Reagents
	Main Experimental Reagents
	Main Instruments and Equipment

	Methods
	Animal Modeling
	Analysis of Vaginal Smears in Rats
	Drug Formulation Configuration and Gavage
	Specific Experimental Grouping and Medication Intervention Plan
	Collection of Bone Tissue Samples and Determination of Bone Mineral Density (BMD) of the Distal Femur of Rats
	Automatic Image Analysis System to Measure Morphometric Parameters of Bone Tissue
	Statistical Analysis


	Results
	Comparison of BMD of the Distal Femur of Rats in Each Group
	Pathological Changes of Tibia in Each Group
	Comparison of Histomorphometric Parameters of Tibia Bone in Each Group

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


