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Introduction: Bu-Shen-Ning-Xin Decoction (BSNXD), a traditional Chinese medicinal 

composition, has been used as a remedy for postmenopausal osteoporosis, but its effects on 

bone metabolism and the uterus have not been reported.

Purpose: We aimed to determine the respective effects of BSNXD on the bones and the uterus 

of ovariectomized (OVX) mice to evaluate the efficacy and safety of this herbal formula.

Materials and methods: Postmenopausal osteoporosis animal models that were generated by 

ovariectomy were treated with BSNXD. Dual-energy X-ray absorptiometry was performed to 

analyze the bone mineral density, and histomorphometric analysis was performed to measure the 

parameters related to bone metabolism. Calcein labeling was performed to detect bone formation. 

The uteruses from the mice were weighed, and the histomorphometry was analyzed. Drug-derived 

serum was prepared to assess the 17-β-estradiol concentration via enzyme immunoassay.

Results: BSNXD administration ameliorated the osteoporotic phenotype of OVX mice, as 

evidenced by an increase in the bone mineral density and bone volume; these effects could not 

be abolished by the administration of the aromatase inhibitor letrozole. Moreover, BSNXD had 

no effect on the serum estrogen concentration or uterus.

Conclusion: These results suggest that BSNXD has ameliorating effects on bone loss due 

to estrogen deprivation without affecting the peripheral blood estrogen concentration or the 

uterus in OVX mice.

Keywords: traditional Chinese medicine, postmenopausal osteoporosis, OVX, bone phenotype, 

estrogen

Introduction
Postmenopausal osteoporosis (PMO) is a major health concern worldwide, especially 

in countries with an aging population. Estrogen deficiency disrupts the balance between 

osteoblastic bone formation and osteoclastic bone resorption in favor of increased 

resorption, leading to bone loss.

Bisphosphonates are considered first-line therapy for PMO because of their effi-

cacy across multiple skeletal sites; however, there are potential short- and long-term 

safety concerns. Selective estrogen receptor modulators are considered for younger 

postmenopausal women who are at a greater risk of vertebral than hip fractures. 

The marked benefits of raloxifene on the reduction in vertebral fracture risk are par-

tially counterbalanced by the lack of an effect on non-vertebral fracture risk and an 

increased risk of venous thromboembolism and stroke. Estrogen replacement therapy 

in postmenopausal women increases the estrogen levels and prevents postmenopausal 
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bone loss, but there is still controversy over its safety. The 

Women’s Health Initiative Study has demonstrated that long-

term estrogen replacement causes an unacceptable increase 

in the risk of heart attack, stroke, and breast and uterine can-

cer.1 Recently, a “critical time window” has been proposed 

in which estrogen use early in the menopause transition 

may be beneficial, while estrogen use later in life could lead 

to increased health risks.2 Besides, hormone replacement 

therapy should not be prescribed for osteoporosis in women 

who do not experience menopausal symptoms. Denosumab 

is a full human monoclonal antibody to receptor activator for 

nuclear factor-κB ligand (RANKL), and is considered in the 

treatment of women who have a high fracture risk or who 

have failed other osteoporosis therapies. It will be important 

to explore newer agents that can be used for individualized 

therapy to optimize the clinical outcomes in patients with 

osteoporosis.3,4 As a result, other potential therapeutic inter-

ventions, including traditional Chinese medicine (TCM), 

have been examined.

TCMs have been used in the People’s Republic of China 

and other Asian countries for over 5,000 years to prevent and 

treat a variety of diseases. Unlike target-oriented modern 

medicine, TCM uses a holistic and synergistic approach to 

restore the balance of Yin-Yang of body energy so that normal 

function and homeostasis are restored in the body.5 Herbal 

TCMs often consist of a combination of individual herbs to 

form specific formulae that are aimed at increasing the thera-

peutic efficacy and reducing adverse effects.6 According to 

the main hypothesis of TCM, multiple active phytochemical 

components in the TCM formulae may simultaneously target 

multiple molecules/pathways and thus potentially achieve a 

superior effect compared to single compounds alone.7

Many plant-derived natural products have been used 

in traditional medicine to treat PMO. Bu-Shen-Ning-Xin 

Decoction (BSNXD), a complicated cocktail therapy derived 

from TCM Er-Xian Decoction and Zhi Bai Dihuang pill, has 

good therapeutic effects on perimenopausal syndrome,8 and it 

has been used for preventing and treating menopause-related 

disorders, including osteoporosis.9 BSNXD, a TCM remedy, 

contains Drying Rehmannia Root, Common Anemarrhena 

Rhizome, Bark of Chinese Corktree, Barbary Wolfberry 

Fruit, Chinese Dodder Seed, Shorthorned Epimedium Herb, 

Spina Date Seed, and Oriental Waterplantain Rhizome 

(Table 1). The BSNXD involves many key constituent 

Table 1 The composition and preparation of the herbal formula BsnXD

Crude herbs Latin names Content Main components

Drying rehmannia root radix rehmanniae exsiccata 15 g catalpol
acteoside
apigenin

common anemarrhena rhizome Anemarrhena asphodeloides Bunge 15 g sarsasapogein
Timosaponin
Markogein

Bark of chinese corktree Phellodendron amurense rupr. 9 g Berberine
Phellodendrine
Jatrorrhizine

Barbary Wolfberry Fruit Fructus lycii barbari 15 g lycium barbarum polysaccharides
β-carotene
Quercetin

chinese Dodder seed Cuscuta chinensis 12 g Quercetin
Kaempferol
hyperoside

shorthorned epimedium herb Epimedium brevicornu Maxim 12 g icariin
icariin i
icariin ii

spina Date seed Ziziphus jujuba Mill. var. spinosa 9 g Jujuboside a
Jujuboside a1
Jujuboside c

Oriental Waterplantain rhizome Alisma plantago-aquatica linn. 12 g alisol a
alisol B
alisol c 23 acetate

Notes: Based on the traditional method, the crude herbs mentioned above (15 times) were mixed, immersed in deionized water (ten times the herbs’ total weight), and then 
boiled at 90°C for 60 minutes for the first decoction. An aqueous extract was made by boiling the herbs three times to make a decoction. The three extracts were combined 
and concentrated by rotary evaporator (Model n1000, eyela, Tokyo, Japan). The yield of the BsnXD extract was 742.5 ml with 2 g/ml (w/v) total raw herbs.
Abbreviation: BsnXD, Bu-shen-ning-Xin Decoction.
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compounds just like glucoside, flavonoid, and saponins. 

Sixteen components have been identified in BSNXD fin-

gerprint analysis as acteoside, apigenin, sarsasapogein, 

imosaponin A3, berberine, jatrorrhizine, quercetin, icarlin, 

and more (Figure 1). Some of these compounds have been 

reported to have the similar action on osteoporosis. Apigenin 

can inhibit osteoblastogenesis and prevents bone loss in ova-

riectomized (OVX) mice.10 Also, quercetin can upregulate 

the antioxidant response in osteoblasts (OBs).11 BSNXD has 

been used for decades to treat and prevent menopause-related 

disorders and diseases of aging,8 including osteoporosis. 

While BSNXD has a beneficial effect on skeletal mass,9 the 

cellular and molecular mechanisms mediating this action 

are not yet fully understood. In a previous study, we col-

lected pharmacological serum from OVX mice treated with 

BSNXD and found that BSNXD pharmacological serum 

both promoted the proliferation and inhibited the apoptosis 

of murine OBs through activating MAPK signaling pathways 

via phosphorylation of ERK1/2.9

To further explore the effects of BSNXD on PMO, we 

used an animal model of ovariectomy in female mice to 

deplete their ovarian hormones.12,13 The aim of the present 

study was to observe the respective effects of BSNXD on 

the bone phenotype, peripheral blood estrogen concentration, 

Figure 1 Identification of the key components in BSNXD.
Notes: The BsnXD extracts were centrifuged at 20,000× g for 5 minutes, and the supernatant was transferred to another new tube. The supernatant was dried completely 
with speed vacuum. The sample was dissolved in 1 ml of solvent a (0.1% formic acid, 2% acetonitrile, 98% h2O). Four microliters of samples was then injected into a manually 
packed reversed phase c18 column (170 mm ×79 μm, 3 μm particle size, Dikma) coupled to Easy-nLC (Thermo Fisher Scientific), and was eluted from 0% to 100% solvent B 
(0.1% formic acid in 90% acetonitrile and 10% h2O) in solvent A with a 30-minute gradient at a flow rate of 300 nL/min. The fractions were analyzed by using Orbitrap Fusion mass 
spectrometer at a resolution of 120,000 at m/z =200. The compound peaks were determined according to the monoisotopic peak of compounds with an error of 10 ppm.
Abbreviation: BsnXD, Bu-shen-ning-Xin Decoction.
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and uterus in OVX mice and identify the efficacy and safety 

of this herbal formula.

Materials and methods
chemicals
Formic acid, acetonitrile, saline, 17-β-estradiol, letrozole, 

calcein, hematoxylin and eosin, a von Kossa staining kit, and 

a tartrate-resistant acid phosphatase (TRAP) activity assess-

ment kit were purchased from Sigma-Aldrich (St Louis, MO, 

USA). The toluidine blue staining solution was purchased 

from Leagene Inc. (Beijing, People’s Republic of China). The 

estradiol (E2) enzyme immunoassay (EIA) kit was purchased 

from BioCheck Inc. (Burlingame, CA, USA).

Preparation of BsnXD extracts and 
fingerprint analysis
Herbal formula BSNXD consists of eight crude herbs that are 

prepared as indicated in Table 1. The rule of compositions 

is part of traditional Chinese medicinal theory, and the com-

positions are derived according to our clinical experience. 

BSNXD was obtained from the pharmacy of the Hospital 

of Obstetrics and Gynecology, Fudan University, Shanghai, 

People’s Republic of China. The products were manufactured 

under good manufacturing practice conditions at the Institute 

of Obstetrics and Gynecology, Fudan University Shanghai 

Medical College according to a modified version of the proto-

col described in Chinese Pharmacopoeia 2005.14 Crude water 

extracts were prepared from powdered BSNXD.8,9

To analyze the fingerprint, the BSNXD extracts were cen-

trifuged at 20,000× g for 5 minutes, and the supernatant was 

transferred to another new tube. The supernatant was dried com-

pletely with speed vacuum. The sample was dissolved in 1 mL 

of solvent A (0.1% formic acid, 2% acetonitrile, 98% H
2
O). 

Four microliters of samples was then injected into a manually 

packed reversed phase C18 column (170 mm ×79 μm, 3 μm  

particle size; Dikma, Beijing, People’s Republic of China) 

coupled to Easy-nLC (Thermo Fisher Scientific, Waltham, 

MA, USA), and was eluted from 0% to 100% in solvent B 

(0.1% formic acid in 90% acetonitrile and 10% H
2
O) in solvent 

A with a 30-minute gradient at a flow rate of 300 nL/min. The 

fractions were analyzed by using Orbitrap Fusion mass spec-

trometer at a resolution of 120,000 at m/z =200. The compound 

peaks were determined according to the monoisotopic peak 

of compounds with an error of 10 ppm.

generation of PMO animal models and 
BsnXD administration
The animal experiments were approved by the experimen-

tal animal ethics committee of Fudan University and were 

performed according to the Principles of Laboratory Animal 

Care (NIH publication number 85-23, revised 1985). We 

evaluated 95 female BALB/c mice, 8 weeks old, with a body 

mass between 20 g and 30 g, which were purchased from the 

Laboratory Animal Facility of Chinese Academy of Sciences 

(Shanghai, People’s Republic of China). Eighty mice underwent 

bilateral oophorectomy. A sham group (15 mice) underwent 

the surgical procedure without ovariectomy. After ovariec-

tomy, the mice were then randomly divided into five groups 

(OVX, OVX + BSNXD low dose, OVX + BSNXD mid dose, 

OVX + BSNXD high dose, and OVX + E2; n=16 per group). 

During the experimental period, five mice died during the 

administration of anesthesia, but there were no deaths from other 

causes. The mice that died were excluded from the analysis.

The OVX control group was treated with saline (n=15), 

and the OVX + BSNXD high-dose, OVX + BSNXD mid-

dose, and OVX + BSNXD low-dose group mice were treated 

twice daily with 0.5 mL of evaporated BSNXD extract 

(total raw herbs 2 g/mL, 1 g/mL, and 0.5 g/mL, w/v) by oral 

administration (Table 1) at dosages that were 18-fold, 9-fold, 

and 4.5-fold the human adult dose, based on an established 

formula for human–mice drug conversion (n=15). The 

OVX + E2 group received estrogen (17-β-estradiol) treatment 

(100 μg/kg/day orally, n=15).15–18 At 12 weeks after the treat-

ment, all mice were weighed and then were sacrificed after 

the last treatment to harvest blood samples and tissues for 

further investigation. Successful ovariectomy was confirmed 

in all OVX animals by observation of the lack of ovarian 

tissue and atrophied uterine horns.

BsnXD plus aromatase inhibitor 
letrozole treatment experiments
Another in vivo experiment was performed to determine 

whether the BSNXD could act through an estrogen derivative 

or metabolite. We treated OVX mice with saline or mid-dose 

BSNXD (total raw herbs 1 g/mL, w/v) by oral administration, 

and then, they were divided into four treatment groups, as fol-

lows: mice that received the carrier solvent and 0.04 μg/day, 

0.2 μg/day, and 2 μg/day letrozole injection for 3 months 

(N=13, all groups). Letrozole was dissolved in 0.1 mL of 

0.3% hydroxyl propyl cellulose and given as subcutaneous 

injections. The letrozole doses were selected as previously 

described.19

Bone mineral density analysis
Dual-energy X-ray absorptiometry was performed using an 

animal PIXImus densitometer (Lunar, GE Corp., Fairfield, 

CT, USA) in isolated left femur and lumbar vertebras (L3–4) 

after dissection to determine the bone mineral density 
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(BMD). A consistent region of interest (the distal 4 mm of 

femur) was selected to maintain uniformity between the 

samples in the analysis.

Bone histomorphometric analysis
All bone histomorphometric analyses were performed 

according to a previously described protocol.20,21 Briefly, the 

left tibia was isolated from each mouse; later, their proximal 

ends were trimmed off and fixed in phosphate-buffered saline 

(PBS)-buffered 3.7% formaldehyde for 18 hours at 4°C. 

After 24-hour incubation in 70% ethanol, the undecalcified 

left proximal tibiae were dehydrated in ascending alcohol 

concentrations, cleared in xylene, and embedded in methyl 

methacrylate; later, they were sectioned (5 μm). These sec-

tions were stained with toluidine blue, and the von Kossa pro-

cedure was performed as indicated in a standard protocol.22

The parameters of static and dynamic histomorphometry 

were quantified on undecalcified proximal tibia sections 

(5 μm). To evaluate the number of osteoclasts (OCs), decalci-

fied proximal tibiae were embedded in paraffin. Serial sections 

were prepared from paraffin blocks (6 μm thickness) and were 

stained for TRAP activity. The bone volume, OB, OC num-

bers, bone surface (BS), bone volume/tissue volume (%), OB 

surface/BS (%), osteoid surface/BS (%), OC surface/BS (%), 

OC number/bone perimeter (1/mm), and eroded surface/BS 

(%) were measured according to standardized protocols using 

the Osteo-Measure Histomorphometry System (Osteometrics, 

Atlanta, GA, USA). All of these parameters are in accordance 

with the histomorphometric nomenclature and definition of 

the American Society of Bone Mineral Research.23

calcein labeling
To label the active bone formation sites in the mice, we used 

double labeling, with calcein as a marker.24 First, 2.5 mg/mL 

calcein was prepared in a 2% solution of sodium bicarbonate. 

The mice were weighed and injected twice, intraperitone-

ally, with calcein at a dose of 25 mg/kg body weight at 

5-day intervals. The mice were sacrificed at 2 days after the 

second injection.

Calcein double labeling was confirmed by fluorescence 

microscope measurements to determine the mineral apposi-

tion rate (MAR) and bone formation rate (BFR), which were 

evaluated on two nonconsecutive sections for each animal. 

The double calcein green labels were measured on bone 

trabeculae using fluorescence microscopy (Olympus BX-60, 

Tokyo, Japan) with an excitation wavelength of 485 nm 

and emission wavelength of 510 nm.25 The mineralizing 

surface/BS (%), MAR (μm/d), and BFR (μm3/μm2/year) 

were measured according to standardized protocols using the 

Osteo-Measure Histomorphometry System (Osteometrics, 

Decatur, GA, USA). All of these parameters are in accor-

dance with the histomorphometric nomenclature and defini-

tion of the American Society of Bone Mineral Research.23

Drug-derived serum preparation and 
measurement of e2 concentration
At the end of experiment, mice were anesthetized and sac-

rificed. A blood sample was quickly obtained by cardiac 

puncture. Blood volumes of up to 1 mL have frequently 

been obtained from mice with this method. Serum samples 

were prepared by centrifugation. The serum samples were 

inactivated at 56°C for 30 minutes and filtrated with a 0.2 μm 

filtrator; they were then stored at -20°C for determination of 

the E2 concentrations. Additionally, the E2 concentrations in 

serum samples were measured using the E2 EIA kit according 

to the manufacturer’s protocol.

e2 eia and aromatase activity analysis 
in site
After 3 months of treatment, all the mice were killed; the 

femur and the tibia were removed at time of necropsy. As 

previously described,15 0.5 g femur tissues were homog-

enized in 4 mL of PBS and centrifuged (3,500 rpm, 4°C for 

20 minutes). Then, we collected the supernatants aliquoted 

individually, and stored them at -20°C until E2 assay.

The tibia fragments were used to detect P450arom 

activity (in vitro conversion of testosterone to E2). As pre-

viously described,15 100 mg tibia fragments were placed in 

the 24-well tissue culture dish with 1 mL of 1640 medium. 

Afterward, they were incubated in the presence or absence of 

testosterone (100 ng/mL) for 24 hours at 20°C in a humidified 

incubator. When the incubation was completed, the media 

were collected and frozen at -20°C until E2 assay.

E2 concentrations in the supernatants of bone homogenate 

samples and the incubated media were measured using the 

E2 EIA kit according to the manufacturer’s protocol.

Uterus histomorphometry
After euthanasia, the uteruses were removed from the mice, 

and the wet weights were measured; macroscopic exami-

nation followed. Samples of uterine tissues were fixed in 

PBS-buffered 4% formaldehyde for 12 hours, air-dried, 

and embedded in paraffin. Sections (4 μm thick) were cut, 

mounted on slides, deparaffinized with a graded series of 

xylene, and rehydrated in a descending graded alcohol series. 

Sections (4 μm thick) were stained with hematoxylin and 

eosin. The slides were then scanned and analyzed with the 

Image-Pro Plus (Media Cybernetics, Bethesda, MD, USA).
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statistical analysis
All values are expressed as the mean ± standard deviation. 

The difference between experimental groups was analyzed 

with analysis of variance and Kruskal–Wallis tests, and 

P,0.05 was considered significant. Data were analyzed with 

the SPSS database.

Results
BsnXD administration ameliorated 
the BMD of OVX mice
A significant decrease in the femur and vertebra BMD was 

observed in the OVX mice compared to the sham mice, 

and the OVX animals that were treated with mid-dose and 

high-dose BSNXD or E2 treatment had significantly higher 

femur (P,0.01, Figure 2A) and vertebra BMD (P,0.01, 

Figure 2B), compared to the OVX group that returned to 

the sham (normal) levels. No significant difference was 

observed between low-dose BSNXD and OVX (P.0.05, 

Figure 2A and B).

BsnXD administration improved 
the bone phenotype of OVX mice
As expected, ovariectomy significantly increased the bone 

turnover with resorption exceeding formation, leading to 

loss of the bone microarchitecture compared to the sham 

group. Analysis of static bone histomorphometric parameters 

showed elevations in the OB surface/BS, osteoid surface/BS, 

mineralizing surface/BS, MAR, and BFR in OVX mice 

(P,0.01 or P,0.05, Figures 3B and 4B). Compared to OVX, 

12-week treatment with mid-dose or high-dose BSNXD 

increased the bone volume/tissue volume, OB surface/BS, 

osteoid surface/BS, mineralizing surface/BS, and BFR (all 

P,0.01, Figures 3B and 4B), indicating further enhance-

ment of osteoblastic recruitment. Neither low-dose BSNXD 

nor E2 treatment significantly affected the aforementioned 

dynamic bone histomorphometry parameters after the 

12-week treatment compared to the OVX group (P.0.05, 

Figures 3B and 4B).

Static histomorphometry confirmed loss of bone micro-

architecture for the OVX mice compared to sham mice. Spe-

cifically, ovariectomy significantly increased the OC surface/

BS, OC number/bone perimeter, and eroded surface/BS 

compared to the sham group (all P,0.01, Figure 3B). After 

12 weeks of treatment, mid-dose and high-dose BSNXD and 

E2 significantly decreased the OC surface/BS, OC number/

bone perimeter, and eroded surface/BS compared to the OVX 

group (all P,0.01, Figure 3B). Histomorphometric analysis 

showed that low-dose BSNXD treatment did not significantly 

change the aforementioned OC parameters compared to the 

OVX group (P.0.05, Figure 3B).

ameliorating effects of BsnXD on OVX-
induced bone loss could not be abolished 
by the aromatase inhibitor letrozole
The in vivo experiment (BSNXD plus letrozole treatment 

experiments) showed that letrozole (0.04 μg/day, 0.2 μg/

day, and 2 μg/day) decreased the E2 concentration in sham 

mice (P,0.05, Figure 5A). The serum E2 concentration of 

Figure 2 effect of the traditional chinese herbal formula BsnXD on BMD of OVX mice.
Notes: The OVX mice were randomly divided into the following groups: the OVX control group that received saline treatment (n=15); the OVX + BsnXD high-dose 
group; OVX + BsnXD mid-dose group; and OVX + BsnXD low-dose group mice that were treated with 0.5 ml of evaporated BsnXD extract, twice daily (total raw herbs 
2 g/ml, 1 g/ml, and 0.5 g/ml, w/v) by oral administration (n=15); and the OVX + e2 group that was treated with e2 treatment (100 μg/kg/day orally, n=15). after 12 weeks 
of treatment, all mice were sacrificed after the final treatment, and bone tissues were harvested for further investigation. Dual-energy X-ray absorptiometry was performed 
to determine the BMD. The data were analyzed with an animal PiXimus densitometer; analysis results of the left femur (A) and lumbar vertebras (B) in the different groups 
are expressed as the mean ± sD. *P,0.05 and **P,0.01.
Abbreviations: BsnXD, Bu-shen-ning-Xin Decoction; BMD, bone mineral density; OVX, ovariectomized; e2, estradiol; sD, standard deviation.
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OVX mice was significantly lower than that of the sham mice 

(P,0.05, Figure 5A). In the OVX mice, mid-dose BSNXD, 

administered alone or in combination with letrozole, did not 

significantly change the E2 concentration in serum (P.0.05, 

Figure 5A).

OVX mice had a lower femur BMD, vertebra BMD, 

and bone volume/tissue volume, and animals treated with 

letrozole (0.04 μg/day, 0.2 μg/day, and 2 μg/day) had a 

similar bone phenotype (P.0.05, Figure 5B and C). The 

mid-dose BSNXD-treated OVX mice had a higher femur 

BMD, vertebra BMD, and bone volume/tissue volume 

compared to the OVX group, whereas the letrozole-treated 

OVX mice that also received mid-dose BSNXD had similar 

parameters as the mid-dose BSNXD-treated OVX (Figure 

5B and C). OVX also influenced the OC surface/BS and OC 

number/bone perimeter; the animals that received letrozole 

had a perimeter that was similar to the OVX group. The OC 

surface/BS and OC number/bone perimeter were decreased 

in the OVX group treated with mid-dose BSNXD compared 

to the OVX group. Letrozole did not have a significant effect 

on the OC surface/BS and OC number/bone perimeter in the 

BSNXD-treated OVX group (P.0.05, Figure 5D).

BsnXD treatment increased the 
aromatase activity and e2 concentration 
in bone
In femurs, compared to the sham mice, the concentration of 

E2 after ovariectomy had significantly decreased (P,0.01, 

Figure 6A), and E2 administration significantly increased E2 

concentration (P,0.01, Figure 6A); interestingly, unlike the 

serum level, treatment with BSNXD increased E2 concentra-

tion in site as well (P,0.01, Figure 6A).

To determine aromatase activity in site, E2 production 

in vitro was assayed in tibia fragments obtained from each 

group to detect the P450arom enzyme activity. Low levels 

of E2 were present in each group when tibia fragments 

were incubated without testosterone (Figure 6B). Mean-

while, when tibia fragment was incubated with testosterone, 

E2 production in both of the groups increased (Figure 6B). 

The difference in E2 level with or without testosterone could 

Figure 4 Dynamic bone histomorphometry of the proximal tibia.
Notes: (A) Calcein double labels were measured on bone trabeculae by fluorescence microscope measurements with an excitation wavelength of 485 nm and an emission 
wavelength of 510 nm for each group. The arrows represent the bone formation during the interval between the two injections of calcein. (B) To determine the mineralizing 
surface/Bs, mineral apposition rate, and bone formation rate, calcein double labeling was analyzed with the Osteo-Measure histomorphometry system. Data are expressed 
as the mean ± sD. *P,0.05 and **P,0.01.
Abbreviations: Bs, bone surface; sD, standard deviation; OVX, ovariectomized; BsnXD, Bu-shen-ning-Xin Decoction; e2, estradiol.
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Figure 5 The ameliorating effects of BsnXD on the osteoporotic phenotype of OVX mice could not be abolished by aromatase inhibitor letrozole.
Notes: OVX mice were treated with saline or mid-dose BsnXD (total raw herbs 1 g/ml, w/v) by oral administration, and were then divided into the following four 
treatment groups: mice that were treated with the carrier solvent and 0.04 μg/day, 0.2 μg/day, and 2 μg/day letrozole injection for 3 months (n=13, all groups). after 
12 weeks of treatment, all mice were sacrificed, and bone tissues were harvested for further investigation. (A) The e2 concentrations in sera were measured with an enzyme 
immunoassay kit. (B) The BMD analysis of the left femur and lumbar vertebras in different groups. (C) The bone volume/tissue volume. (D) The osteoclast surface/bone 
surface and osteoclast number/bone perimeter. Data are expressed as the mean ± sD. **P,0.01.
Abbreviations: BsnXD, Bu-shen-ning-Xin Decoction; OVX, ovariectomized; e2, estradiol; sD, standard deviation; BMD, bone mineral density.

be due to testosterone being aromatized; it could reflect 

aromatase activity in each group. Figure 5C shows that the 

difference in E2 production in OVX mice decreased signifi-

cantly compared to that in sham mice (P,0.05, Figure 6C). 

The E2 treatment increased E2 production by tibia tissue 

fragments (P,0.01, Figure 6C), and the BSNXD treatment 

significantly increased E2 production (P,0.01, Figure 6C). 

It is suggested that BSNXD could significantly increase 

the aromatase activity, contributing to increase in estrogen 

concentration in bone but not in serum.
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BsnXD did not stimulate the uterus
The uterine columnar epithelium atrophied, uterine gland 

number reduced, and mitosis in the epithelium was reduced 

in the OVX mice (data not shown). The success of ovariec-

tomy was confirmed by the uterine weight, and the average 

wet weight of the uterus and relative uterus wet weight of 

OVX mice were significantly lower than that of the ovary-

intact mice (P,0.01). The wet weight of the uterus, relative 

uterus wet weight, and endometrial glands were not affected 

Figure 6 effects of administrations of BsnXD or e2 on e2 concentrations in the femur tissue homogenate, and modulation of these administrations on aromatase activity 
in the tibia.
Notes: (A) e2 levels in the femur tissue homogenate of BsnXD or e2-treated, control OVX, and sham mice were assayed by eia. in vitro production of e2 in the tibia of 
BSNXD or E2-treated, control OVX, and sham mice was assayed to evaluate the profile of P450arom activity. Tibia (100 mg) preparations were incubated in the absence or 
presence of testosterone (100 ng/ml) for 24 hours. (B) e2 level in tibia tissue media of each group with or without testosterone was assayed by eia. The difference in e2 level 
with or without testosterone could be due to the testosterone being aromatized or it could reflect aromatase activity in each group. (C) The difference in e2 production 
due to testosterone aromatized in tibia. Data are expressed as mean ± sD (n=5). *P,0.05 and **P,0.01.
Abbreviations: BsnXD, Bu-shen-ning-Xin Decoction; e2, estradiol; OVX, ovariectomized; eia, enzyme immunoassay; sD, standard deviation.

by BSNXD treatment (low dose, mid dose, or high dose), 

while the uterus was enlarged and wet weight of the uterus 

and relative uterus wet weight were significantly increased in 

the E2-treated group compared to the OVX group (P,0.01, 

Figure 7).

Discussion
After ovariectomy, there is a sudden and dramatic decrease in 

the estrogen production from the arrest of ovarian function. 
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The loss of sex steroids leads to an increase in bone resorp-

tion from the increased OC formation and lifespan. The net 

bone loss caused by OVX is limited by an increase in the 

bone formation from stimulated OB formation. The stimu-

latory effect of OVX on osteoblastogenesis is relevant to 

osteoclastogenesis because one of the consequences of E2 

deprivation is the formation of OB with increased osteoclas-

togenic activity. Therefore, OVX increases bone remodeling 

because both osteoclastogenesis and osteoblastogenesis are 

upregulated.26–28 This increased bone turnover shifts the bone 

homeostasis toward bone resorption, resulting in rapid trabe-

cular bone loss and an increased risk of skeletal fracture.29

In the present study, we found that mid-dose and high-

dose BSNXD and E2 administration inhibited the bone loss 

caused by OVX. We observed improvements in BMD caused 

by mid- or high-dose BSNXD that were somewhat similar 

to the change observed in E2 treatment. Moreover, our bone 

morphometric analysis confirmed that mid-dose and high-

dose BSNXD and E2 could ameliorate the bone phenotype 

of OVX mice as well as downregulate the OC parameters. 

Furthermore, mid- or high-dose BSNXD could increase the 

OB parameters and BFR. However, E2 increases the bone 

mass after ovariectomy just mainly via weakening the OC 

parameters without affecting OB parameters as well as BFR. 

These results suggest that BSNXD plays an important role 

in osteoclastogenesis and OB differentiation. Previously, 

we have found that BSNXD pharmacological serum both 

promoted the proliferation and inhibited the apoptosis of 

murine OBs through activating MAPK signaling pathways 

via phosphorylation of ERK1/2,9 which is in accordance with 

our current results. However, BSNXD’s effect on osteoclas-

togenesis is still uncertain.

Many TCMs exert their antiosteoporotic effects by acting 

with their estrogenic activity. Thus, we detected the serum 

Figure 7 effects of administration of BsnXD (low, mid, or high dose) and e2 on the uterus wet weight.
Notes: Mice were necropsied after 12 weeks of treatment, and the wet weights of uterus were determined. (A and B) The wet weight of the uterus and relative weight of 
uterus, respectively. BSNXD (low, mid, or high dose) treatments caused no significant change in the uterus wet weight, while E2 administration caused a significant increase. 
Data are expressed as the mean ± sD (n=15). **P,0.01.
Abbreviations: BsnXD, Bu-shen-ning-Xin Decoction; e2, estradiol; sD, standard deviation; OVX, ovariectomized.

E2 concentration to identify the underlying mechanism of 

BSNXD suppressing the OC parameters. Our results showed 

that, no matter with or without the aromatase inhibitor letro-

zole, the estrogen level in the BSNXD-derived serum was 

comparable to the control serum. Furthermore, BSNXD’s 

ameliorating effect on osteoporotic phenotype of OVX mice 

could not be abolished by letrozole. Our data indicate that the 

systemic estrogen derivative or metabolite is not involved in 

the beneficial effect of BSNXD on the bone phenotype.

Not only the circulating serum estrogen but also the local 

production of estrogen plays the key role in bone homeostasis 

in postmenopausal women. So, we detected the local estrogen 

level in bone. In Figure 5C, the difference in E2 level with or 

without testosterone reflects aromatase activity in each group, 

which is the ability to convert testosterone to E2 in vitro. It 

showed that the aromatase activity in OVX mice decreased 

significantly compared to that in sham mice. Not only the 

E2 treatment but also the BSNXD treatment increased the 

aromatase activity. It is suggested that BSNXD significantly 

increases the aromatase activity, contributing to an increase 

in estrogen concentration in bone but not in serum.

There are eight crude herbs in this formula (Table 1), 

and each of the crude herbs consists of many kinds of 

chemicals such as iridoids, phenylethanoid glucosides, 

flavonoids, lignans, and saponins. (Table 1 and Figure 1) 

Acteoside in Drying Rehmannia Root suppressed RANKL-

mediated osteoclastogenesis by inhibiting c-Fos induction 

and NF-κB pathway and attenuating ROS production,30 and 

the icariin in Shorthorned Epimedium Herb inhibited the 

osteoclastogenesis in vitro,31 which are in accordance with 

our results in this study. However, the flavonoids isolated 

from Chinese Dodder Seed increased the level of estrogen in 

peripheral blood of mice;32 it is inconsistent with our results. 

May be during the process of preparation of the extract of the 
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BSNXD, the structures of the flavonoids were transformed, 

or some unknown substances decreasing the estrogen level 

were generated.

Besides elevating estrogen level, many TCMs exert their 

antiosteoporotic effects by acting with their SERM-like 

activity; for example, icariin, isolated from Shorthorned 

Epimedium Herb, induces OB proliferation, differentiation, 

and mineralization through estrogen receptor-mediated ERK 

and JNK signal activation.33 In a previous study, we found 

that BSNXD elevated serum level of dehydroepiandros-

terone (DHEA),34 which was a pre-hormone and could be 

transformed in peripheral tissues to more potent androgen 

or estrogen.35 Many studies suggested a beneficial effect 

of DHEA administration on preventing trabecular BMD 

loss in women with estrogen deficiency.36,37 In in vitro 

analysis, primary human OBs showed aromatase activity 

converting DHEA to estrogen.36 But the identification of 

DHEA receptors in the liver, kidney, and testes of rats 

suggests that DHEA has specific physiologic actions of its 

own.35,38–40 A previous study also showed that DHEA inhib-

ited osteoclastogenesis via estrogen receptor α-dependent 

pathway rather than estrogen receptor β- or androgen 

receptor-dependent pathway.34 In fact, we had examined the 

estrogenic or SERM-like activity of BSNXD drug-derived 

serum on osteoclastogenesis as well. Our results showed that 

BSNXD inhibited osteoclastogenesis by abrogation of the 

RANKL-induced NFATc1 and NF-κB signaling pathways 

via selective estrogen receptor α.41

On the other hand, we observed that after 12 weeks 

following ovariectomy, the uterus of mice got atrophied 

significantly compared to that of the sham mice due to 

sexual hormone deprivation. The uterine columnar epithe-

lium atrophied, uterine gland number reduced, and mitosis 

in the epithelium was reduced. The other OVX mice were 

treated with serial dose of BSNXD or E2 for 12 weeks. 

Then, we found that uterus of low-, mid-, and high-dose 

BSNXD-treated mice also got atrophied and the degree was 

modest compared to the OVX group mice. That is to say, the 

BSNXD did not stimulate the uterus, which might account 

for that BSNXD has no estrogenic or SERM-like activity. 

However, E2 had the proliferative effect on the endometrium 

and uterus, and increased the net weight of uterus as well as 

the relative weight (uterus wet weight/body weight ratio). 

Although mid- and high-dose BSNXD and E2 enhanced 

BMD, the differential characteristics of BSNXD and E2 

reflected their different actions on the bone and uterus. The 

benefit-to-risk ratio may be more favorable for BSNXD 

therapy than for E2 therapy. It is possible that the relatively 

long duration of BSNXD therapy could be safely used to 

prevent and mitigate PMO.

Although we identified the efficacy and security of 

BSNXD to ameliorate bone loss in PMO, the specific 

mechanism is still uncertain. Further studies are needed to 

determine the SERM-like activity of BSNXD and whether 

BSNXD modulates bone metabolism via regulating osteo-

blastogenesis or osteoclastogenesis.

Conclusion
This study revealed that BSNXD could ameliorate the 

OVX-induced bone loss without affecting the peripheral 

blood estrogen concentration and uterus, suggesting that this 

cocktail therapy is a good option for treating PMO.
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