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Background: Sea buckthorn (SBT) is a traditional Chinese medicine (TCM), rich

in calcium, phosphorus, and vitamins, which can potentially prevent and treat

osteoporosis. However, no research has been conducted to confirm these

hypotheses. QiangGuYin (QGY) is a TCM compound used to treat osteoporosis.

There is a need to investigate whether SBT enhances QGY efficacy.

Objectives: The aim of this study was to explore whether SBT enhances QGY

efficacy by inhibiting CKIP-1 and Notum expression through the Wnt/β-catenin
pathway. The study also aimed to explore the active components of SBT.

Methods: Experimental animals were divided into control, model, QGY, SBT, SBT +

Eucommia ulmoides (EU), and SBT + QGY groups. After treatment, bone

morphometric parameters, such as estrogen, PINP, and S-CTX levels, and

Notum, CKIP-1, and β-catenin expression were examined. Screening of SBT

active components was conducted by molecular docking to obtain small

molecules that bind Notum and CKIP-1.

Results: The results showed that all the drug groups could elevate the estrogen,

PINP, and S-CTX levels, improve femoral bone morphometric parameters,

inhibit Notum and CKIP-1 expression, and promote β-catenin expression.

The effect of SBT + EU and SBT + QGY was superior to the others.

Molecular docking identified that SBT contains seven small molecules (folic

acid, rhein, quercetin, kaempferol, mandenol, isorhamnetin, and ent-

epicatechin) with potential effects on CKIP-1 and Notum.

Conclusion: SBT improves bone morphometric performance in PMOP rats

by inhibiting CKIP-1 and Notum expression, increasing estrogen levels, and
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activating the Wnt/β-catenin signaling pathway. Furthermore, SBT enhances

the properties of QGY. Folic acid, rhein, quercetin, kaempferol, mandenol,

isorhamnetin, and ent-epicatechin are the most likely active ingredients of

SBT. These results provide insight into the pharmacological mechanisms of SBT

in treating osteoporosis.

KEYWORDS

sea buckthorn, postmenopausal osteoporosis, Notum, CKIP-1, Wnt/β-catenin
signaling pathway, molecular docking, QiangGuYin

Introduction

Postmenopausal osteoporosis (PMOP) is the most common

type of osteoporosis in women within 5–10 years of menopause

and is characterized by estrogen deficiency, decreased bone

mineral density, and impaired bone quality. PMOP is similar

to primary osteoporosis regarding the imbalance in bone

metabolism and a bias toward heightened bone resorption

activity. Unique PMOP characteristics include a high bone

turnover rate, that is, a high turnover type of bone

metabolism. After the completion of each bone turnover, the

residual resorption lacunae and unmineralized new bone

exponentially increase in the high turnover state, and the

corresponding indexes of bone metabolism also rise.

QiangGuYin (QGY) is a compound developed by Prof. Xiao-

lin Shi to treat PMOP and is patented in China (Patent No.

ZL200610053058.8). Several clinical studies have confirmed the

efficacy of QGY in treating PMOP. QGY is highly effective in

elevating bone mineral density, reducing the risk of falling, and

alleviating osteoporotic pain (Shi, Liu, and Li, 2007; Shi et al.,

2008, 2017; Xiao et al., 2019; Li et al., 2021; Mao et al., 2021; Hui

et al., 2022). Herein, we evaluated the clinical efficacy of QGY for

PMOP and hope to further enhance its efficacy.

Sea buckthorn (SBT) is a spiny nitrogen-fixing deciduous

shrub cultivated worldwide for its nutritional and medicinal

values. Fruits, seeds, and other parts of SBT are rich in

vitamins A, B1, B12, C, E, K, and P, flavonoids, lycopene,

carotenoids, and plant sterols. SBT is therapeutically

important because it is rich in potent antioxidant substances.

These molecules possess antioxidant, anticoagulant, anticancer,

wound healing, anti-inflammatory, and radioprotective

properties (Suryakumar and Gupta, 2011; Patel et al., 2012).

Among them, antioxidant and anti-inflammatory effects inhibit

or alleviate PMOP. Studies showed that SBT fatty acids

significantly increase serum estrogen, insulin-like growth

factor (IGF), transforming growth factor (TGF) levels,

trabecular number, cortical bone thickness, and maximum

bone stress resistance and improve the bone density in old

female rats (Liu, Yuan, Guo, Wei, Zhao, Chen, et al., 2006;

Liu, Yuan, Guo, Wei, Zhao, Kang, et al., 2006). Therefore,

SBT has considerable potential in treating osteoporosis, and

its efficacy, mechanism of action, and active ingredients

should be explored. At the same time, we explored whether

SBT can enhance the efficacy of QGY.

Our previous study found that CKIP-1 regulates bone

metabolism (Liu et al., 2018; Yang et al., 2018) and that QGY

acts as an anti-osteoporosis agent by inhibiting CKIP-1 and Akt

binding in osteoblasts, activating the Akt/mTOR signaling

pathway, inhibiting cellular autophagy, promoting osteogenic

differentiation, and promoting osteoporosis (Yuan et al., 2022).

QGY also influences osteoblast differentiation through the Wnt/

β-catenin pathway by affecting the expression of related miRNAs

in the exostome of osteoclasts (Tang et al., 2020). Notum is a

carboxyl esterase that catalyzes the deacetylation and inactivation

of Wnts by inhibiting the Wnt signaling pathway (Kakugawa

et al., 2015; Zhang et al., 2015). Therefore, animal experiments

were used in this study to investigate the efficacy of SBT in

treating PMOP and augmenting the efficacy of QGY. The

mechanism through which SBT exerts its effect was also

explored. The main active components in SBT that mediate

its effects were identified by molecular docking.

Materials and methods

Ethics statement

The protocol for this study was approved by the Laboratory

Animal Management and Ethics Committee of Zhejiang Chinese

Medical University (Approval Number: IACUC-20220613-01).

All animal experiments were conducted in accordance with the

Guidelines for the Care and Use of NIH Laboratory Animals

(NIH Publication No. 80–23, revised in 1978).

Experimental animals

Mature female Sprague–Dawley (SD) rats (n = 34, 6 ~ 8-

week-old, 200 ± 20 g in weight) were purchased from the

Experimental Animal Center of Hangzhou Medical College

(production license no. SCXK 2019–0002, Hangzhou, China)

and were provided with enough food and water. The rats were

reared in a specific pathogen-free room at 20–25°C, with a

relative humidity of 60 ± 5%, and 12 h light/dark cycle.
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Preparation of medicines

SBT, Eucommia ulmoides (EU), and QGY were purchased

from the Pharmaceutical Preparation Center of the Second

Affiliated Hospital of Zhejiang Chinese Medical University.

Each preparation was a 22.2 ml formulation containing a

different combination of drugs. The SBT group is

composed of 20 g of SBT, and the SBT + EU group

comprised 20 g of SBT and 10 g of EU. The QGY group

comprised 245 g of crude drugs, including 30 g of Astragali

Radix, 30 g of Dipsaci Radix, 25 g of Lonicerae Japonicae

Caulis, 25 g of Spatholobi Caulis, 20 g of Drynariae Rhizoma,

20 g of Chuanxiong Rhizoma, 20 g of Cervi Cornu

Degelatinatum, 20 g of Vespae Nidus, 15 g of Eucommia

ulmoides, 15 g of Gentianae Macrophyllae Radix, 15 g of

Saposhnikoviae Radix, and 10 g of Cinnamomi Cortex. The

SBT + QGY group comprised 245 g of the crude drugs and

20 g of SBT.

Grouping and treatment

A total of 34 rats were randomly divided into six groups:

1) control group (n = 4); 2) model group (n = 6); 3) SBT group

(n = 6); 4) SBT + EU group (n = 6); 5) SBT + QGY group (n =

6); and 6) QGY group (n = 6). Except for the control group, all

the other groups underwent bilateral oophorectomy. The rats

were acclimatized for 10 weeks before receiving the

treatments.

The corresponding drug was administered by gavage at a dose of

10 ml/kg twice daily. The rats in the normal control group and

model group received physiological saline. The treatments lasted

6 weeks, after which the right femur bones of mice in each group

were extracted for a micro-CT scan.

Histomorphometric analysis

The rats were scanned from the hip region to the limb using an

animal X-ray imaging system (Mikasa X-ray HF100HA, Mikasa,

Japan) to measure the hip bone width and obtain macroscopic

imaging of the lower limbs. Bone tissue analysis was conducted using

amicro-CT imaging system (Micro-CT μCT100, SCANCOMedical,

Sweden). The right femur sample was scanned at 14.8 μmresolution.

Trabecular bone regions of interest were selected for three-

dimensional reconstruction. The parameters measured using the

reconstructed images include bone mineral density (BMD),

connectivity density (Conn.D.), bone mineral content (BMC),

trabecular thickness (Tb.Th), trabecular number (Tb.N), bone

volume fraction (BV/TV), and trabecular separation (Tb.Sp),

which reflected the internal microarchitecture of the femur.

Western blot analysis

To evaluate the effect of each drug on the expression of

Notum and CKIP-1 and the regulation of the Wnt/β-
catenin signaling pathway, the bone marrow of the right

tibia was analyzed by Western blotting. The antibodies

used include Notum (Notum rabbit antibody, dilution 1:

1,000, Proteintech, Chicago, United States), CKIP-1

(CKIP-1 rabbit antibody, dilution 1:1,000, Proteintech,

Chicago, United States), and β-catenin (β-catenin rabbit

antibody, dilution 1:1,000, Proteintech, Chicago,

United States). The mean normalized protein

expression ±S.D. was calculated from independent

experiments. GAPDH (GAPDH polyclonal antibody,

dilution 1:10,000, Proteintech, Chicago, United States)

was used as the internal control.

ELISA analysis

The estrogen level, bone turnover markers, C-terminal

cross-linking telopeptide of type I collagen (S-CTX), and

pro-collagen type I N-terminal propeptide (PINP) in the

orbital blood of rats were measured using enzyme-linked

immunosorbent assay (ELISA) analysis.

Molecular docking of sea buckthorn

Platform and software
Computational simulation and data processing were

conducted using the Microsoft Windows 10 Professional

operating system, whereas BIOVIA Discovery Studio 2019

(DS) was used for molecular docking research. Default

settings were used except where specified.

Receptor protein preparation

Notum (PDB ID: 4UZQ) and CKIP-1(PDB ID: 3AA1)

protein crystal models were derived from human-derived

protein crystallization in the PDB database (http://www.

rcsb.org). The amino acid sequences and protein space

models of 4UZQ and 3AA1 were imported using the

BLAST search module in DS, followed by both protein

preparation and structure processing of protein

crystallization. Water molecules and alternate

conformations were removed, atomic names were

standardized, and missing residues were restored through

complementation to obtain a prototype of the actual

structure.
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Determination of the protein active site

The crystal models of Notum and CKIP-1 proteins chosen

here presented the corresponding ligands. For the 4UZQ protein

model, the corresponding ligands were palmitoleic acid and 2-

acetamido-2-deoxy-beta-D-glucopyranose. Palmitoleic acid has

been validated as a Notum protein inhibitor, and palmitoleic acid

has been used in several studies to search for the corresponding

inhibitor. Thus, the active site was determined using the receptor

residues within the 4UZQ palmitoleic acid range and expanded

to 9�A using the ligand expansion method. For the 3AA1 protein

model, the identified ligand was 2—(n-morphorino)—

ethanesulfonic acid. The receptor residues in this range were

chosen to determine the active site, and the ligand expanded

to 9 �A.

Preparation of small molecules

The small-molecule structure file of the SBT component with

oral bioavailability (OB) ≥ 30% and drug resistance (DL) ≥
0.18 was downloaded from the Traditional Chinese Medicine

Systems Pharmacology Database and Analysis Platform

(TCMSP). The three-dimensional structure of the small

molecule was then downloaded from the TCMSP and loaded

onto the DS docking software. Hydrogenation and energy

optimization were performed using the CHARMM force field,

and ligands were prepared and preserved for molecular docking

as candidate small molecules.

Molecular docking parameters

All molecular docking and screening in this study were

performed using the CDOCKER function under the Dock

Ligands module in DS. The target protein binding cavity’s x,

y, and z coordinate positions were 13.173522, 38.263435, and

29.118304 for 4UZQ and 20.999862, 4.295655, and −4.878816 for

3AA1, respectively. The post-cluster radius was adjusted to 0.5,

and default settings were used for the remaining parameters to

ensure diversity of docked conformations.

ADMT property prediction

SBT small molecules were initially screened based on the

CDOCKER ENERGY score of molecular docking. Only the top

five small molecules were considered in the subsequent

analyses. The ADMET module in DS was then used to

predict the activity of these small-molecule compounds,

including water solubility, blood–brain barrier retention,

CYP2D6 binding, liver toxicity, intestinal uptake, and

plasma protein binding.

Statistical analysis

Statistical analysis was performed by GraphPad Prism

9.0 software (San Diego, CA, United States). Continuous

normally distributed data are presented as mean ± S.D., and

differences between corresponding groups were analyzed using

the Bonferroni’s or Dunnett’s post hoc test and one-way

ANOVA. p < 0.05 was considered statistically significant.

Results

Micro-CT analysis of the femur

PMOP was established in a rat model to understand the

effects of SBT and QGY. After treatment, the rats were scanned

radiographically from the hip to the lower limb (Figure 1A), and

the region of interest on the femur was reconstructed in three

dimensions (Figure 1B).

Compared to the human hip bone, X-ray scanning revealed

that the rat hip bone was long and curved. Thus, the area with the

most significant curvature was selected for width measurement.

This study found that compared with the control, the hip in the

model group was significantly wider (p < 0.001), whereas the hip

in all drug groups was significantly narrower (p < 0.001) than that

in the model group. Meanwhile, the hip reduction was most

significant in the SBT + QGY group. The effect was comparable

FIGURE 1
X-ray images of the rat hip and 3D images of the region of
interest of the femur. (A) X-ray images showing the rat hip. (B) 3D
images of the region of interest of the femur.
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for the QGY and SBT + EU groups. The SBT group displayed the

least change (Figure 2A). The effect of SBT alone was inferior to

the combination therapy groups, indicating that SBT enhanced

the efficacy of QGY.

Three-dimensional reconstruction of the region of interest to

the femoral head in rats revealed a significant decrease in BMD,

BMC, BV/TV, Conn.D. Tb.N, and a significant increase in Tb.Sp

in the model group, suggesting a successful PMOP induction.

Compared to the model group, BMD, BMC, BV/TV, Conn.D,

Tb.N, and Tb.Th in the drug groups showed almost a significant

increase and a decrease in Tb. Sp. These results showed that the

preparations containing SBT exerted a better effect than those

without SBT (Figures 2B–H).

ELISA analysis of estrogen, PINP, and
S-CTX

Although the ELISA results showed that estrogen levels were

significantly lower in the treatment group than those in the

control group, they were still higher than those in the model

group. The treatment can still effectively inhibit the decline of

estrogen in rats. The findings also suggest that SBT + QGY was

more effective in reducing estrogen levels than either medicine

alone (Figure 3A).

The concentration of bone turnover markers PINP and

S-CTX was significantly higher in the model group than that

in the control group, suggesting high bone metabolism in rats,

similar to PMOP. After treatment, the PINP concentration

significantly decreased in the treatment groups except for the

SBT group, which indicated that SBT alone had little effect on

PINP. However, PINP reduction was higher in the SBT + QGY

group than that in the QGY group (Figure 3C). This trend was

also reflected in the expression of S-CTX (Figure 3B). This

suggests that SBT enhances the efficacy of QGY, including

inhibition of bone formation and bone absorption, but is

more inclined to inhibit the latter.

Western blot analysis of Notum, CKIP-1,
and β-catenin

The effects of SBT on the expression of Notum and CKIP-1

and the regulation of the Wnt/β-catenin signaling pathway were

assessed using the Western blot assay. Compared with the

control group, SBT significantly decreased the expression of β-
catenin but increased that of Notum and CKIP-1, all regulated

via the Wnt/β-catenin signaling pathway. Inhibition of Notum

and CKIP-1 expression is a common feature in PMOP.

This study found that all the drug groups suppressed the

expression of Notum and CKIP-1 but promoted β-catenin
expression (Figures 3D–G). Meanwhile, the effect of SBT +

QGY was greater than that of either SBT or QGY alone, while

the effect of SBT + EU was greater than that of either SBT or EU

alone, further demonstrating that SBT inhibits osteoporosis.

According to our results, SBT inhibits the expression of

FIGURE 2
Analytical results of micro-CT for bonemorphometry. (A–H) Results of the hip bone width, BMD, BMC, BV/TV, Conn.D. Tb.N, Tb.Sp, and Tb.Th.
*, **, ***, and **** show p < 0.05, p < 0.01, p < 0.001, and p < 0.0001, respectively, in comparison with the normal control group; #, ##, ###, and
#### show p < 0.05, p < 0.01, p < 0.001, and p < 0.0001, respectively, in comparison with the PMOPmodel group;△,△△,△△△, and△△△△ show
p < 0.05, p < 0.01, p < 0.001, and p < 0.0001, respectively, in comparison with the QGY group.
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Notum and CKIP-1 by activating the Wnt/β-catenin signaling

pathway. SBT further enhances the anti-osteoporotic properties

of QGY.

Molecular docking of SBT

Molecular docking was performed on 33 prospective

compounds with 4UZQ and 3AA1 receptors based on OB ≥
30% and DL ≥ 0.18 (Table 1). The top five small molecules were

selected for each protein score based on the CDOCKER

ENERGY score (Figures 4, 5; Tables 2, 3).

Among the 10 selected small molecules, three are repeated,

namely, quercetin, rhein, and kaempferol (Figure 6). Folic acid

and mandenol were unique to 4UZQ, while isorhamnetin and

ent-epicatechin were unique to 3AA1. ADMET evaluation of the

seven compounds showed that only folic acid, quercetin, and

mandenol were absorbed into the human intestine, and folic acid

and mandenol were less hepatotoxic. Mandenol binds to plasma

protein more strongly than folic acid (Table 4).

FIGURE 3
(A–C) The levels of estrogen, S-CTX and PINP. (D–G) the expression of β-catenin, Notum, and CKIP-1. *, **, ***, and ****, p < 0.05, p < 0.01, p <
0.001, and p < 0.0001, respectively, in comparison with the normal control group; #, ##, ###, and ####, p < 0.05, p < 0.01, p < 0.001, and p <
0.0001 respectively, in comparisonwith the PMOPmodel group;△,△△,△△△, and△△△△, p < 0.05, p < 0.01, p < 0.001, and p < 0.0001 respectively,
in comparison with the QGY group.
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Discussion

This study aimed to investigate the therapeutic effect of SBT

on osteoporosis, the possible mechanism of action, active

components in SBT, and whether it can improve the

therapeutic effect of QGY. Previous clinical studies have

shown that QGY is highly effective in treating PMOP (Shi,

Liu, and Li, 2007; Shi et al., 2008, 2017; Xiao et al., 2019; Li

FIGURE 4
2D interaction map of CKIP-1 with selected small-molecule compounds. (A) Isorhamnetin; (B) quercetin; (C) ent-epicatechin; (D) rhein; (E)
kaempferol.

FIGURE 5
2D interaction map of Notum with selected small-molecule compounds. (A) Folic acid; (B) rhein; (C) quercetin; (D) kaempferol; (E)mandenol.
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et al., 2021; Mao et al., 2021; Hui et al., 2022). Studies have also

shown that QGY promotes bone formation and inhibits bone

resorption (Wu et al., 2008; Wang, Wu, and Shi, 2016; Yao et al.,

2016; Liu et al., 2018; Yang et al., 2018; Huang, Shi, and Deng,

2019; Liang et al., 2019; Yuan et al., 2022). Thus, we studied the

effects of SBT, QGY, SBT + QGY, and SBT + EU. The SBT + EU

group was particularly important because EU is an important

herb in QGY that strengthens bones. Multiple pharmacological

studies have confirmed that EU inhibits bone resorption but

promotes bone formation (MEHL, 2011; Tan et al., 2014; Zhang

et al., 2014; Cheng et al., 2019; Qi et al., 2019; Jian et al., 2020;

Zhao et al., 2020).

Sea buckthorn enhances QGY efficacy on
bone morphological parameters in PMOP
rats

Micro-CT can demonstrate the three-dimensional structure

of the bone more intuitively, which could relieve the clinical

efficacy of therapies. In the study, micro-CT analysis showed that

QGY, SBT, and EU, either alone or in any combination, increased

bone morphometric parameters such as BMD, BMC, BV/TV,

Conn.D, and Tb.Th. However, the Tb.N and Tb.Sp results were

not anticipated. Intake of QGY and SBT decreased Tb.N,

contrary to our expectations. Similarly, the increase in Tb.Sp

was observed in the QGY group, which was also contrary to our

expectation. But, SBT + QGY increased the Tb.N and decreased

Tb.Sp, which is still in line with our expectations.

The bone metabolic index results revealed that S-CTX, an

indicator of bone resorption, and PINP, a bone formation

indicator, were both inhibited in the four treatment groups.

The inhibition of S-CTX was higher in the SBT + QGY and

SBT + EU groups than that in the QGY group, suggesting that

SBT enhances the effect of QGY in inhibiting bone resorption

and bone formation. We found that QGY significantly

inhibited bone turnover, contrary to the previous studies.

In the present study, the experiments were conducted for

6 weeks, whereas in other studies, the experiments were

conducted for at least 2 months (Wang, Wu, and Shi,

2016; Yao et al., 2016; Huang, Shi, and Deng, 2019).

Therefore, we speculate that QGY may inhibit bone

turnover in the early stage of treatment. With regard to

the degree of improvement in overall indicators, QGY

effectively results in osteoporosis treatment, and SBT may

improve its effect.

FIGURE 6
Active ingredients of sea buckthorn identified by virtual screening using molecular docking tools.
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TABLE 1 A total of 33 components of sea buckthorn after initial screening from the TCMSP database.

No. MOL ID Chemical name OB DL

1 MOL001004 Pelargonidin 37.99 0.21

2 MOL010211 14,15-Dimethyl-alpha-sitosterol 43.14 0.78

3 MOL010212 14-Methyl-alpha-sitosterol 43.49 0.78

4 MOL010227 Canthaxanthine 41.59 0.56

5 MOL010228 Carotenoid 40.76 0.55

6 MOL010230 ST5330591 48.08 0.84

7 MOL010232 cis-Lycopene 45.51 0.54

8 MOL010234 Delta-carotene 31.80 0.55

9 MOL010240 Ergosta-7-en-3-beta-ol 38.76 0.83

10 MOL010241 Ergostenol 35.41 0.71

11 MOL010247 (2R,6S,7aR)-2-[(1E,3E,5E,7E,9E,11E,13E,15E)-16-[(1R,4R)-4-hydroxy-2,6,6-trimethyl-1-cyclohex-2-enyl]-1,5,10,14-
tetramethylhexadeca-1,3,5,7,9,11,13,15-octaenyl]-2,4,4,7a-tetramethyl-6,7-Dihydro-5H-benzofuran-6-ol

57.88 0.53

12 MOL010248 Gamma-carotene 30.98 0.55

13 MOL001979 LAN 42.12 0.75

14 MOL010267 LYC 32.57 0.51

15 MOL010283 ZINC03831331 47.60 0.65

16 MOL001420 ZINC04073977 38.00 0.76

17 MOL001494 Mandenol 42.00 0.19

18 MOL001510 24-Epicampesterol 37.58 0.71

19 MOL002268 Rhein 47.07 0.28

20 MOL002588 (3S,5R,10S,13R,14R,17R)-17-[(1R)-1,5-dimethyl-4-methylenehexyl]-4,4,10,13,14-pentamethyl-2,3,5,6,7,11,12,15,16,17-
decahydro-1H-cyclopenta [a]phenanthren-3-ol

42.37 0.77

21 MOL002773 Beta-carotene 37.18 0.58

22 MOL000354 Isorhamnetin 49.60 0.31

23 MOL000358 Beta-sitosterol 36.91 0.75

24 MOL000359 Sitosterol 36.91 0.75

25 MOL000422 Kaempferol 41.88 0.24

26 MOL000433 Folic acid 68.96 0.71

27 MOL000449 Stigmasterol 43.83 0.76

28 MOL000492 (+)-Catechin 54.83 0.24

29 MOL005100 5,7-Dihydroxy-2-(3-hydroxy-4-methoxyphenyl) chroman-4-one 47.74 0.27

30 MOL006756 Schottenol 37.42 0.75

31 MOL000073 Ent-epicatechin 48.96 0.24

32 MOL000953 CLR 37.87 0.68

33 MOL000098 Quercetin 46.43 0.28

TABLE 2 Top five ingredients scored after docking 3AA1 molecules with 33 compounds.

No. MOL ID Chemical name InCHI Key CDOCKER ENERGY

1 MOL000433 Folic acid OVBPIULPVIDEAO-LBPRGKRZSA-N 32.185

2 MOL002268 Rhein FCDLCPWAQCPTKC-UHFFFAOYSA-N 31.788

3 MOL000098 Quercetin REFJWTPEDVJJIY-UHFFFAOYSA-N 22.012

4 MOL000422 Kaempferol IYRMWMYZSQPJKC-UHFFFAOYSA-N 21.700

5 MOL001494 Mandenol FMMOOAYVCKXGMF-MURFETPASA-N 18.008
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In clinical practice or other studies, the hip bone width has

not been used in osteoporosis detection. In the present study, the

hip bone was wider for rats in the model group than that in the

control group, but the bone width decreased after treatment. This

suggests that, unlike in humans, the hip bone may be an indicator

of osteoporosis in rats. The hip bone was wider, but BMD, BMC,

BV/TV, Conn.D, and Tb.Th were lower in the model rats,

implying that degenerative bone changes may widen the hip

joints of the rats.

Sea buckthorn enhances QGY efficacy by
inhibiting the expression of Notum and
CKIP-1 and activating the Wnt/β-catenin
signaling pathway

High estrogen levels and expression of β-catenin, Notum,

and CKIP-1 were observed in all treatment groups, consistent

with previous studies (Figures 3D–F). The inhibition of Notum

and CKIP-1 was higher in the SBT + EU and SBT + QGY groups

than that in the other groups. The activation of β-catenin was also
higher in the SBT + EU and SBT + QGY groups than that in the

other groups. Thus, we speculate that SBT activates the Wnt/β-

catenin signaling pathway by inhibiting Notum and CKIP-1

expression.

The Wnt/β-catenin signaling pathway regulates bone

metabolic homeostasis and participates in skeletal growth,

development, repair, and remodeling. Studies show that β-
catenin promotes the proliferation and differentiation of

osteoblasts and inhibits osteoclasts during bone formation via

the Wnt signaling pathway (A.Maupin, J.Droscha, and

O.Williams, 2013). β-Catenin regulates bone resorption and

modulates bone formation, thus impacting bone mass. β-
Catenin also regulates osteoblast and osteoclast formation

during osteoblast differentiation (Chen and Long, 2013).

Estrogen is a steroid hormone that regulates bone tissue

metabolism by modulating the physiological activity of

osteoblasts and osteoclasts (Zhao et al., 2007; Pereira et al.,

2015). Estrogen binds to the estrogen receptor (ER) on the

cell membrane and plays a corresponding biological role. On

the one hand, estrogen regulates osteoclast activity via the

RANKL/RANK pathway and osteoblast activity via the ERK1/

2 pathway. On the other hand, it promotes the differentiation of

bone marrow mesenchymal stem cells into osteoblasts by

activating the Wnt signaling pathway (Gao et al., 2013).

Therefore, based on the increase in estrogen levels in all four

TABLE 3 Top five ingredients scored after docking 4UZQ molecules with 33 compounds.

No. MOL ID Chemical name InCHI Key CDOCKER ENERGY

1 MOL000433 Folic acid OVBPIULPVIDEAO-LBPRGKRZSA-N 32.185

2 MOL002268 Rhein FCDLCPWAQCPTKC-UHFFFAOYSA-N 31.788

3 MOL000098 Quercetin REFJWTPEDVJJIY-UHFFFAOYSA-N 22.012

4 MOL000422 Kaempferol IYRMWMYZSQPJKC-UHFFFAOYSA-N 21.700

5 MOL001494 Mandenol FMMOOAYVCKXGMF-MURFETPASA-N 18.008

TABLE 4 Results of ADMET screening.

No. Chemical
name

Molecular
formula

Human
intestinal
absorptivity

Aqueous
solubility
(25°C)

Blood–brain
barrier
permeability

Cytochrome
P450
2D6 inhibition

Hepatotoxicity Plasma
protein
tuberculosis
rate

1 Folic acid C19H19N7O6 3 3 4 False False False

2 Rhein C15H8O6 0 3 4 False True False

3 Quercetin C15H10O7 1 3 4 False True False

4 Kaempferol C15H10O6 0 3 3 False True False

5 Mandenol C20H36O2 2 2 4 False False True

6 Isorhamnetin C16H12O7 0 3 4 False True False

7 Ent-
epicatechin

C15H14O6 0 3 4 False True False

Human intestinal absorptivity: 0–3 decreases in turn; water solubility (25°C): 0–6 increases in turn, and four is the best case; blood–brain barrier permeability: 0–5 decreases in turn;

cytochrome P450 2D6 inhibition: true stands for inhibitory, and false for non-inhibitory; hepatotoxicity: true represents hepatotoxic, and false represents not hepatotoxic; plasma protein

tuberculosis rate: true represents having high plasma protein binding, and false represents not having high plasma protein binding.
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drug groups, we hypothesized that SBT and QGY activate the

Wnt/β-catenin signaling pathway by increasing the production

of estrogen and promoting bone formation via the RANKL/

RANK/OPG axis. A recent study in rats has revealed that

blocking the effects of estrogen on the hypothalamus increases

the total bone mass by 500% and enhances the bone mechanical

strength and mineral density throughout old age (Herber et al.,

2019). In blood, estrogen promotes bone growth, but in the

hypothalamus, it exerts an opposite effect. This study also

showed us a new direction of anti-osteoporosis research.

Our research revealed that estrogen levels were significantly

low, while CKIP-1 and Notum expression were significantly high

in rats with PMOP. Further studies involving an estrogen

production inhibition test are required to confirm the

relationship between estrogen and CKIP-1, as well as Notum.

Molecular docking screening identified
seven potential active components that
potentially affect CKIP-1 and Notum

Molecular docking identified seven small molecules in SBT,

namely, folic acid, rhein, quercetin, mandenol, kaempferol,

isosalmontin, and ent-epicatechin that potentially affect CKIP-

1 and Notum expression. Quercetin, kaempferol, and

isorhamnetin are members of the flavonoid family, specifically

known for their antioxidant, wound healing, lipid regulation,

antihypertensive, and immunomodulatory properties (Gupta

et al., 2006; Pang et al., 2008, 2008; Pandurangan, Bose and

Banerji, 2011; Hou et al., 2017, 2017). Folic acid is an important

nutrient that participates in the metabolism of genetic materials

and proteins, affecting animal reproductive performance and

secretion of bile in the pancreas (Savini et al., 2019; Sato, 2020).

Mandenol is a fatty acid that regulates blood glucose and protects

the retina (Bouras et al., 2017; Gao et al., 2017). Ent-epicatechin is

a polyphenol with antioxidant properties that protect the liver

(Maheshwari et al., 2011; Guo et al., 2017). In addition, rhein

possesses antitumor, antiviral, anti-inflammatory, and

antifibrotic properties (Xu et al., 2016; Ge et al., 2017; Tang

et al., 2017; Wang et al., 2018). These seven small molecules,

however, are only the calculated results of molecular docking,

and whether they promote or inhibit CKIP-1 and Notum

expression remains to be explored further.

According to the ADMT property prediction results, only folic

acid, quercetin, and mandenol are absorbed in the human intestine.

Still, quercetin is hepatotoxic, and mandenol has a higher

tuberculosis rate of plasma proteins than folic acid (Table 4).

Therefore, the results of the present study show that mandenol

has a very high clinical application potential. But these results were

generated in silico. Thus, further experiments are needed to validate

them. Regarding limitations, the findings of this study were not

validated using experimental studies.

Conclusion

SBT improves bone morphometric performance in PMOP

rats by inhibiting CKIP-1 and Notum expression, increasing

estrogen levels, and activating the Wnt/β-catenin signaling

pathway. Furthermore, SBT enhances the properties of QGY.

Folic acid, rhein, quercetin, kaempferol, mandenol,

isorhamnetin, and ent-epicatechin are the most likely active

ingredients in SBT. These results provide insight into the

pharmacological mechanisms of SBT in treating osteoporosis.

Data availability statement

The original contributions presented in the study are

included in the article/Supplementary Material; further

inquiries can be directed to the corresponding authors.

Ethics statement

The animal study was reviewed and approved by the

Laboratory Animal Management and Ethics Committee of

Zhejiang Chinese Medical University.

Author contributions

X-LS and KL contributed in studying the design and

coordination, acquisition of funding, and supervised the study.

SW designed the validation experiments and revised the

manuscript. Y-FY performed most of the experiments and

statistical analysis and wrote the manuscript. HZ, B-BT, YL,

HH, C-JH, T-PC, M-HF, B-CL, and Y-LM performed parts of the

experiments. F-QQ provided help for the manuscript

modification. All authors reviewed and approved the final

manuscript.

Funding

This study is funded by the National Natural Science

Foundation of China (82074183; 81873129; 81803902;

81973884).

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.

Frontiers in Pharmacology frontiersin.org11

Yuan et al. 10.3389/fphar.2022.994995

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.994995


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.

References

Bouras, K., Kopsidas, K., Bariotakis, M., Kitsiou, P., Kapodistria, K., Agrogiannis,
G., et al. (2017). Effects of dietary supplementation with Sea buckthorn (hippophae
rhamnoides L.) seed oil on an experimental model of hypertensive retinopathy in
wistar rats. Biomed. Hub. 2 (1), 1–12. doi:10.1159/000456704

Chen, J., and Long, F. (2013). β-catenin promotes bone formation and suppresses
bone resorption in postnatal growing mice. J. Bone Min. Res. 28 (5), 1160–1169.
doi:10.1002/jbmr.1834

Cheng, C.-F., Chien-Fu Lin, J., Tsai, F. J., Chen, C. J., Chiou, J. S., Chou, C. H.,
et al. (2019). Protective effects and network analysis of natural compounds obtained
from Radix dipsaci, Eucommiae cortex, and Rhizoma drynariae against RANKL-
induced osteoclastogenesis in vitro. J. Ethnopharmacol. 244, 112074. doi:10.1016/j.
jep.2019.112074

Gao, S., Guo, Q., Qin, C., Shang, R., and Zhang, Z. (2017). Sea buckthorn fruit oil
extract alleviates insulin resistance through the PI3K/Akt signaling pathway in type
2 diabetes mellitus cells and rats. J. Agric. Food Chem. 65 (7), 1328–1336. doi:10.
1021/acs.jafc.6b04682

Gao, Y., Huang, E., Zhang, H., Wang, J., Wu, N., Chen, X., et al. (2013). Crosstalk
between Wnt/β-catenin and estrogen receptor signaling synergistically promotes
osteogenic differentiation of mesenchymal progenitor cells. PloS One 8 (12), e82436.
doi:10.1371/journal.pone.0082436

Ge, H., Tang, H., Liang, Y., Wu, J., Yang, Q., Zeng, L., et al. (2017). Rhein
attenuates inflammation through inhibition of NF-κB and NALP3 inflammasome
in vivo and in vitro. Drug Des. Devel Ther. 11, 1663–1671. doi:10.2147/DDDT.
S133069

Guo, R., Chang, X., Guo, X., Brennan, C. S., Li, T., Fu, X., et al. (2017). Phenolic
compounds, antioxidant activity, antiproliferative activity and bioaccessibility of
Sea buckthorn (Hippophaë rhamnoides L.) berries as affected by in vitro digestion.
Food Funct. 8 (11), 4229–4240. doi:10.1039/c7fo00917h

Gupta, A., Kumar, R., Pal, K., Singh, V., Banerjee, P. K., and Sawhney, R. C.
(2006). Influence of sea buckthorn (Hippophae rhamnoides L.) flavone on dermal
wound healing in rats.Mol. Cell Biochem. 290 (1–2), 193–198. doi:10.1007/s11010-
006-9187-6

Herber, C. B., Krause, W. C., Wang, L., Bayrer, J. R., Li, A., Schmitz, M., et al.
(2019). Estrogen signaling in arcuate Kiss1 neurons suppresses a sex-dependent
female circuit promoting dense strong bones. Nat. Commun. 10 (1), 163. doi:10.
1038/s41467-018-08046-4

Hou, D., Wang, D., Ma, X., Chen, W., Guo, S., and Guan, H. (2017). Effects of
total flavonoids of sea buckthorn ( Hippophae rhamnoides L.) on cytotoxicity of
NK92-MI cells. Int. J. Immunopathol. Pharmacol. 30 (4), 353–361. doi:10.1177/
0394632017736673

Huang, J., Shi, X., and Deng, Z. (2019). Effect of qianggu yin combined with
probiotics on osteoporotic fracture healing in rats. Chin. J. Mod. Appl. Pharm. 36
(07), 791–795. doi:10.13748/j.cnki.issn1007-7693.2019.07.004

Hui, M., Wang, S., Zhong, R., Gong, J., Han, Z., and Shi, X. (2022). Clinical
observation on osteoporosis belonging to kidney deficiency and blood stasis
syndrome treated with Qiangguyin(强骨饮) combined with electro-
acupuncture. Chin. J. Traditional Med. Sci. Technol. 29 (01), 73–75.

Jian, G.-H., Su, B. Z., Zhou, W. J., and Xiong, H. (2020). Application of network
pharmacology and molecular docking to elucidate the potential mechanism of
Eucommia ulmoides-Radix Achyranthis Bidentatae against osteoarthritis. BioData
Min. 13, 12. doi:10.1186/s13040-020-00221-y

Kakugawa, S., Langton, P. F., Zebisch, M., Howell, S., Chang, T. H., Liu, Y., et al.
(2015). Notum deacylates Wnt proteins to suppress signalling activity. Nature 519
(7542), 187–192. doi:10.1038/nature14259

Li, S., Kang, S., Sun, J., Yuan, Y., Huang, X., Li, J., et al. (2021). Influence of
qianggu yin on risk factors of falls in postmenopausal osteoporosis patients with
kidney deficiency and blood stasis syndrome. J. Guangzhou Univ. Traditional Chin.
Med. 38 (08), 1611–1616. doi:10.13359/j.cnki.gzxbtcm.2021.08.014

Liang, B., Li, M., Wang, J., Zhang, J., Mao, Y., and Shi, X. (2019). Study on the
mechanism and targets of qiangguyin based on bioinformatics in postmenopausal
osteoporosis treatment. Chin. J. General Pract. 17 (06), 909–914. doi:10.16766/j.
cnki.issn.1674-4152.000823

Lin, C., Fan, Y.-j., Mehl, C., Zhu, J.-j., Chen, H., Jin, L.-y., et al. (2011). Eucommia
ulmoides Oliv. antagonizes H2O2-induced rat osteoblastic MC3T3-E1 apoptosis by
inhibiting expressions of caspases 3, 6, 7, and 9. J. Zhejiang Univ. Sci. B 12 (01),
47–54. doi:10.1631/jzus.B1000057

Liu, B., Yuan, B., Guo, X., Wei, X., Zhao, L., Chen, D., et al. (2006). Experimental
study on the effect of tiangui gengnian capsule on the aged female rats ostepoprosis.
Zhong Yao Cai 29 (08), 803–806. doi:10.13863/j.issn1001-4454.2006.08.023

Liu, B., Yuan, B., Guo, X., Wei, X., Zhao, L., Kang, J., et al. (2006). Experimental
study on effect of tiangui gengnian soft capsule on aged female rats with
osteoporosis. Zhongguo Zhong Xi Yi Jie He Za Zhi 26 (02), 135–139.

Liu, Z., et al. (2018). Effect of yiqiwenjing prescription on osteoclasts apoptosismediated
by CKIP-1. Chin. J. Traditional Med. Traumatology Orthop. 26 (08), 14–17.

Maheshwari, D. T., Yogendra Kumar, M. S., Verma, S. K., Singh, V. K., and Singh,
S. N. (2011). Antioxidant and hepatoprotective activities of phenolic rich fraction of
Seabuckthorn (Hippophae rhamnoides L.) leaves. Food Chem. Toxicol. 49 (9),
2422–2428. doi:10.1016/j.fct.2011.06.061

Mao, Y., He, C., Chen, T., Fang, M., Zhou, H., and Shi, X. (2021). Clinical efficacy
of yiqi wenjing decoction on treatment of osteoporosis. Chin. J. Traditional Med.
Traumatology Orthop. 29 (08), 22–24.

Maupin, A., Droscha, K., J., and Williams, O., (2013). A comprehensive overview
of skeletal phenotypes associated with alterations in wnt/β-catenin signaling in
humans and mice. Bone Res. 1 (01), 27–71. doi:10.4248/BR201301004

Pandurangan, N., Bose, C., and Banerji, A. (2011). Synthesis and antioxygenic
activities of seabuckthorn flavone-3-ols and analogs. Bioorg Med. Chem. Lett. 21
(18), 5328–5330. doi:10.1016/j.bmcl.2011.07.008

Pang, X., Zhao, J., Zhang, W., Zhuang, X., Wang, J., Xu, R., et al. (2008).
Antihypertensive effect of total flavones extracted from seed residues of
Hippophae rhamnoides L. in sucrose-fed rats. J. Ethnopharmacol. 117 (2),
325–331. doi:10.1016/j.jep.2008.02.002

Patel, C. A., Divakar, K., Santani, D., Solanki, H. K., and Thakkar, J. H. (2012).
Remedial prospective of hippophae rhamnoides linn. (Sea buckthorn). ISRN
Pharmacol. 2012, 1–6. doi:10.5402/2012/436857

Pereira, C. S., Stringhetta-Garcia, C. T., da Silva Xavier, L., Tirapeli, K. G., Pereira,
A. A. F., Kayahara, G. M., et al. (2017). Llex paraguariensis decreases oxidative stress
in bone and mitigates the damage in rats during perimenopause. Exp. Gerontol. 98,
148–152. doi:10.1016/j.exger.2017.07.006

Pereira, F. M. B. G., Rodrigues, V. P., de Oliveira, A. E., Brito, L. M., and Lopes,
F. F. (2015). Association between periodontal changes and osteoporosis in
postmenopausal women. Climacteric 18 (2), 311–315. doi:10.3109/13697137.
2014.966239

Qi, S., Zheng, H., Chen, C., and Jiang, H. (2019). Du-zhong (Eucommia ulmoides
oliv.) cortex extract alleviates lead acetate-induced bone loss in rats. Biol. Trace
Elem. Res. 187 (1), 172–180. doi:10.1007/s12011-018-1362-6

Sato, K. (2020). Why is folate effective in preventing neural tube closure defects?
Med. Hypotheses 134, 109429. doi:10.1016/j.mehy.2019.109429

Savini, C., Yang, R., Savelyeva, L., Göckel-Krzikalla, E., Hotz-Wagenblatt, A.,
Westermann, F., et al. (2019). Folate repletion after deficiency induces irreversible
genomic and transcriptional changes in human papillomavirus type 16 (HPV16)-
immortalized human keratinocytes. Int. J. Mol. Sci. 20 (5), E1100. doi:10.3390/
ijms20051100

Shi, X., Zhu, Y., Ning, Y., Wu, L., Yu, S., and Liu, K. (2008). Investigation of the
effect of qianggu drink on the TRACP5b of osteoporosis. Chin. J. Traditional Med.
Traumatology Orthop. 16 (01), 25–27. doi:10.3969/j.issn.1005-0205.2007.02.004

Shi, X., Liu, K., and Li, S. (2007). The clinical report about the curative effect of zi
Ni qiang gu yin on 44 patients who suffered from osteoporosis. Chin. J. Traditional
Med. Traumatology Orthop. 15(02), 9–10.

Shi, Z.-Y., Zhang, X. G., Li, C. W., Liu, K., Liang, B. C., and Shi, X. L. Effect of
traditional Chinese medicine product, QiangGuYin, on bone mineral density
and bone turnover in Chinese postmenopausal osteoporosis Evid. Based
Complement. Altern. Med. (2017)., 2017. eCAM, 6062707. doi:10.1155/2017/
6062707

Frontiers in Pharmacology frontiersin.org12

Yuan et al. 10.3389/fphar.2022.994995

https://doi.org/10.1159/000456704
https://doi.org/10.1002/jbmr.1834
https://doi.org/10.1016/j.jep.2019.112074
https://doi.org/10.1016/j.jep.2019.112074
https://doi.org/10.1021/acs.jafc.6b04682
https://doi.org/10.1021/acs.jafc.6b04682
https://doi.org/10.1371/journal.pone.0082436
https://doi.org/10.2147/DDDT.S133069
https://doi.org/10.2147/DDDT.S133069
https://doi.org/10.1039/c7fo00917h
https://doi.org/10.1007/s11010-006-9187-6
https://doi.org/10.1007/s11010-006-9187-6
https://doi.org/10.1038/s41467-018-08046-4
https://doi.org/10.1038/s41467-018-08046-4
https://doi.org/10.1177/0394632017736673
https://doi.org/10.1177/0394632017736673
https://doi.org/10.13748/j.cnki.issn1007-7693.2019.07.004
https://doi.org/10.1186/s13040-020-00221-y
https://doi.org/10.1038/nature14259
https://doi.org/10.13359/j.cnki.gzxbtcm.2021.08.014
https://doi.org/10.16766/j.cnki.issn.1674-4152.000823
https://doi.org/10.16766/j.cnki.issn.1674-4152.000823
https://doi.org/10.1631/jzus.B1000057
https://doi.org/10.13863/j.issn1001-4454.2006.08.023
https://doi.org/10.1016/j.fct.2011.06.061
https://doi.org/10.4248/BR201301004
https://doi.org/10.1016/j.bmcl.2011.07.008
https://doi.org/10.1016/j.jep.2008.02.002
https://doi.org/10.5402/2012/436857
https://doi.org/10.1016/j.exger.2017.07.006
https://doi.org/10.3109/13697137.2014.966239
https://doi.org/10.3109/13697137.2014.966239
https://doi.org/10.1007/s12011-018-1362-6
https://doi.org/10.1016/j.mehy.2019.109429
https://doi.org/10.3390/ijms20051100
https://doi.org/10.3390/ijms20051100
https://doi.org/10.3969/j.issn.1005-0205.2007.02.004
https://doi.org/10.1155/2017/6062707
https://doi.org/10.1155/2017/6062707
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.994995


Suryakumar, G., and Gupta, A. (2011). Medicinal and therapeutic potential of Sea
buckthorn (Hippophae rhamnoides L.). J. Ethnopharmacol. 138 (2), 268–278.
doi:10.1016/j.jep.2011.09.024

Tan, X.-L., Zhang, Y. H., Cai, J. P., Zhu, L. H., Ge, W. J., and Zhang, X. (2014). 5-
(Hydroxymethyl)-2-furaldehyde inhibits adipogenic and enhances osteogenic
differentiation of rat bone mesenchymal stem cells. Nat. Prod. Commun. 9 (4),
529–532. doi:10.1177/1934578x1400900427

Tang, B., Liu, K., Wu, L., and Shi, X. (2020). Preliminary study of the effect of the
strong-bone decoction on osteoblast differentiation by regulation of osteoclast-
derived exosomes. Chin. J. Osteoporos. 26 (11), 1598–1603. doi:10.1016/j.prmcm.
2022.100087

Tang, N., Chang, J., Lu, H. C., Zhuang, Z., Cheng, H. L., Shi, J. X., et al. (2017).
Rhein induces apoptosis and autophagy in human and rat glioma cells and mediates
cell differentiation by ERK inhibition.Microb. Pathog. 113, 168–175. doi:10.1016/j.
micpath.2017.10.031

Wang, B., Wu, P., and Shi, X. (2016). Effect of Qianggu Yin(强骨饮,QGY) on
bone microstructure in the ovariectomized osteoporosis rats. J. Traditional Chin.
Orthop. Traumatology 28 (07), 6–9.

Wang, Q.-W., Su, Y., Sheng, J. T., Gu, L. M., Zhao, Y., Chen, X. X., et al. (2018).
Anti-influenza A virus activity of rhein through regulating oxidative stress, TLR4,
Akt, MAPK, and NF-κB signal pathways. PloS One 13 (1), e0191793. doi:10.1371/
journal.pone.0191793

Wu, L.-G., Chen, H., Shi, X., Liu, K., Xu, J., Mao, Y., et al. (2008). Effects of the
principium of replenishing Qi and nourishing kidney deficiency on collum femoris of
bone histomorphometry in ovariectomized rats. Journal of Zhejiang Chinese Medical
University Hangzhou China, 36–37+40. doi:10.16466/j.issn1005-5509.2008.01.038

Xiao, W., Wang, J., Chen, W., Mao, Y., Zhang, J., Liu, Z., et al. (2019). Clinical
study on qiangguyin in preventing fall with osteoporosis. Chin. J. Mod. Appl.
Pharm. 36 (14), 1797–1801. doi:10.13748/j.cnki.issn1007-7693.2019.14.014

Xu, S., Lv, Y., Zhao, J., Wang, J., Wang, G., and Wang, S. (2016). The inhibitory
effect of rhein on proliferation of high glucose-induced mesangial cell through cell
cycle regulation and induction of cell apoptosis. Pharmacogn. Mag. 12 (2),
S257–S263. doi:10.4103/0973-1296.182158

Yang, Y., Liu, Z., Wang, J., Liu, K., and Shi, X. (2018). Effect of qiangguyin on rat
osteoblasts in CKIP-1 overexpressing. Chin. J. Traditional Med. Traumatology
Orthop. 26 (10), 1–5.

Yao, J., Wang, B., Wu, P., Liu, K., and Shi, X. (2016). The effect of strengthening-
bone receipt on the change of trabecular bone of fracture healing under micro-CT in
rat osteoporotic model. Chin. J. Osteoporos. 22 (11), 1395–1398+1403.

Yuan, Y., Sun, J., Zhou, H., Wang, S., He, C., Chen, T., et al. (2022). The effect of
QiangGuYin on osteoporosis through the AKT/mTOR/autophagy signaling
pathway mediated by CKIP-1. Aging (Albany NY) 14 (2), 892–906. doi:10.
18632/aging.203848

Zhang, R., Pan, Y. L., Hu, S. J., Kong, X. H., Juan, W., and Mei, Q. B.
(2014). Effects of total lignans from Eucommia ulmoides barks prevent bone
loss in vivo and in vitro. J. Ethnopharmacol. 155 (1), 104–112. doi:10.1016/j.jep.
2014.04.031

Zhang, X., Cheong, S. M., Amado, N. G., Reis, A. H., MacDonald, B. T., Zebisch,
M., et al. (2015). Notum is required for neural and head induction via Wnt
deacylation, oxidation, and inactivation. Dev. Cell 32 (6), 719–730. doi:10.1016/j.
devcel.2015.02.014

Zhao, Q., Shao, J., Chen, W., and Li, Y. P. (2007). Osteoclast differentiation and
gene regulation. Front. Biosci. 12, 2519–2529. doi:10.2741/2252

Zhao, X., Wang, Y., Nie, Z., Han, L., Zhong, X., Yan, X., et al. (2020).
Eucommia ulmoides leaf extract alters gut microbiota composition, enhances
short-chain fatty acids production, and ameliorates osteoporosis in the
senescence-accelerated mouse P6 (SAMP6) model. Food Sci. Nutr. 8 (9),
4897–4906. doi:10.1002/fsn3.1779

Frontiers in Pharmacology frontiersin.org13

Yuan et al. 10.3389/fphar.2022.994995

https://doi.org/10.1016/j.jep.2011.09.024
https://doi.org/10.1177/1934578x1400900427
https://doi.org/10.1016/j.prmcm.2022.100087
https://doi.org/10.1016/j.prmcm.2022.100087
https://doi.org/10.1016/j.micpath.2017.10.031
https://doi.org/10.1016/j.micpath.2017.10.031
https://doi.org/10.1371/journal.pone.0191793
https://doi.org/10.1371/journal.pone.0191793
https://doi.org/10.16466/j.issn1005-5509.2008.01.038
https://doi.org/10.13748/j.cnki.issn1007-7693.2019.14.014
https://doi.org/10.4103/0973-1296.182158
https://doi.org/10.18632/aging.203848
https://doi.org/10.18632/aging.203848
https://doi.org/10.1016/j.jep.2014.04.031
https://doi.org/10.1016/j.jep.2014.04.031
https://doi.org/10.1016/j.devcel.2015.02.014
https://doi.org/10.1016/j.devcel.2015.02.014
https://doi.org/10.2741/2252
https://doi.org/10.1002/fsn3.1779
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.994995

	Exploratory study of sea buckthorn enhancing QiangGuYin efficacy by inhibiting CKIP-1 and Notum activating the Wnt/β-cateni ...
	Introduction
	Materials and methods
	Ethics statement
	Experimental animals
	Preparation of medicines
	Grouping and treatment
	Histomorphometric analysis
	Western blot analysis
	ELISA analysis
	Molecular docking of sea buckthorn
	Platform and software

	Receptor protein preparation
	Determination of the protein active site
	Preparation of small molecules
	Molecular docking parameters
	ADMT property prediction
	Statistical analysis

	Results
	Micro-CT analysis of the femur
	ELISA analysis of estrogen, PINP, and S-CTX
	Western blot analysis of Notum, CKIP-1, and β-catenin
	Molecular docking of SBT

	Discussion
	Sea buckthorn enhances QGY efficacy on bone morphological parameters in PMOP rats
	Sea buckthorn enhances QGY efficacy by inhibiting the expression of Notum and CKIP-1 and activating the Wnt/β-catenin signa ...
	Molecular docking screening identified seven potential active components that potentially affect CKIP-1 and Notum

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


