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ABSTRACT

Background and objective: A new formular CPC22 consists of Cynanchum wilfordii 

root, Pueraria thomsonii flower, and Citrus unshiu peel and has been developed to 

improve the postmenopausal symptoms. The research intended to evaluate whether 

CPC22 would regulate bone loss, hot flashes, and dysregulated lipid metabolism in 

ovariectomized (OVX) postmenopausal mice.

Method: The OVX mice were orally administered with CPC22 daily for 7 weeks.

Results: CPC22 regulated OVX-induced bon loss by enhancing serum osteoprotegerin, 

alkaline phosphatase, and osteocalcin levels and diminishing serum receptor-activator of 

the NF-κB ligand (RANKL), collagen type 1 cross-linked N-telopeptide, and tartrate-

resistant acid phosphatase levels. As a result of CPC22 treatment, notable decreases in 

tail skin temperature and rectal temperature were observed, along with diminishment in 

hypothalamic RANKL and monoamine oxidase A levels and enhancement in 

hypothalamic serotonin (5-HT), norepinephrine, dopamine, 5-HT2A, and estrogen 

receptor-β levels. CPC22 enhanced levels of serum estrogen and diminished levels of 

serum follicle-stimulating hormone and luteinizing hormone. CPC22 regulated levels of 

serum lipid metabolites, including total cholesterol, triglycerides, low-density lipoprotein 

cholesterol, and high-density lipoprotein cholesterol. Furthermore, CPC22 diminished 

levels of serum blood urea nitrogen, creatine kinase, alanine transaminase, aspartate 

aminotransferase, and lactate dehydrogenase and restored vaginal dryness without 

affecting uterus atrophy index and vagina weights.  

Conclusion: Therefore, these results indicated that CPC22 improves OVX-induced bone 

loss, hot flashes, and dysregulated lipid metabolism by compensating for estrogen 

deficiency without side effects, suggesting that CPC22 may be used for the prevention 

and treatment of post menopause.
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INTRODUCTION

Women typically spend the last third of 

their lives in menopause after the end of their 

reproductive period. Approximately 70% of 

women experience symptoms due to estrogen 

deficiency during the menopause period.1 The 
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common symptoms are depression, insomnia, 

vasomotor symptoms, fatigue, night sweats, 

cognitive impairment, and increased risk for 

cardiovascular disorder, hyperlipidemia, and 

osteoporosis.2-4 Among the various 

menopausal symptoms, many studies are being 

conducted on osteoporosis, hot flashes, and 

lipid metabolic diseases.

Healthy bones go through two opposing 

processes, including bone formation by 

osteoblasts and bone resorption by osteoclasts, 

and they are continually remodeled throughout 

their life.5 However, imbalance of bone 

formation and bone resorption causes 

osteoporosis.6 Osteoporosis is characterized by 

a high risk of fractures, reduction of bone 

mineral density (BMD), and breakdown of 

bone architecture.7 During menopause, 

estrogen deficiency is the most important risk 

factor for induction of osteoporosis.6

Vasomotor symptoms (hot flashes and 

night sweats) trouble most women during the 

menopause period and reduce quality of life.8

Women with hot flashes have a reduced 

thermoneutral zone and an increased core 

temperature by thermoregulatory 

dysfunction.9 Estrogen is a neuromodulator of 

the central serotonin (5-hydroxytryp, 5-HT) 

system and affects serotonin synthesis and 

reuptake.10 Serotonin increased by estrogen in 

brain plays an important role in 

thermoregulation.11 Therefore, decrease in 

estrogen during menopause causes 

thermoregulatory dysfunction by blocking 

serotonin pathway.12 Recently, RANKL has 

been reported as a major causative factor in 

menopausal dysthermoregulation.13

Dyslipidemia is caused by abnormal 

changes in the amount of lipids in the blood 

due to abnormal lipoprotein metabolism, 

resulting in hypercholesterolemia, 

hypertriglyceridemia, and low-density 

lipoproteinemia.14 Such dyslipidemia is known 

to be the cause of cardiovascular disease 

during menopause.15 Levels of blood lipid in 

postmenopausal women are closely associated 

with endogenous estrogen levels.16 Estrogen is 

synthesized in the ovaries using low-density 

lipoprotein cholesterol (LDL), but since LDL 

in the blood of postmenopausal women cannot 

be used for estrogen synthesis, estrogen 

deficiency and dyslipidemia are caused.17 In 

postmenopausal women and animal model, 

dysregulated lipid metabolism results in 

increased LDL levels and diminished high-

density lipoprotein-cholesterol (HDL) 

levels.16,18

Although estrogen therapy has beneficial 

effects in managing postmenopausal 

symptoms, the debates about hormone therapy 

have continues because of the risk of ovarian 

and breast cancer and cardiovascular 

disease.19,20 Therefore, research on effective 

and safe alternative therapy that can alleviate 

postmenopausal symptoms is needed. In Asia, 

people have used herbal medicine to relieve 

various diseases for a long time. Extract of 

Cynanchum wilfordii (CW), Pueraria 

thomsonii (PT), or Citrus unshiu (CU) has 

been used to alleviate osteoporosis, hot flashes, 

and/or anxiety.21-23 A new formular CPC22 

consists of Cynanchum wilfordii root, 

Pueraria thomsonii flower, and Citrus unshiu

peel and has been developed in an optimal ratio 

to alleviate various postmenopausal symptoms 

through an in vitro assay. Herein, the aim of the 

present study is to demonstrate the regulatory 

effect of CPC22 against menopause in 

estrogen deficiency in vivo model induced by 

ovariectomy.

MATERIALS AND METHODS

Preparation of CPC22

CPC22 powder was manufactured by mixing 

water-extracted CW powder (DAEDONG 

KOREA GINSENG CO., LTD., Geumsan, 
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Republic of Korea), 70% ethanol-extracted PT 

powder (HYUNDAI BIOLAND.CO., LTD, 

Ansan, Republic of Korea), and water-

extracted CU powder (SK bioland CO., LTD.) 

in a ratio of 2:0.57:0.43. It was supplied by LG 

Household & Health Care Ltd. (Seoul, 

Republic of Korea). CPC22 was dissolved in 

distilled water. Concentrations of CPC22 (170 

mg/kg, 345 mg/kg, and 690 mg/kg) were used 

according to previous studies.21,24 β-estradiol 

(E2, Sigma Chemical Co., St. Louis, MO, USA) 

was used as a positive control.

Animals and treatments

Ovariectomized (OVX) mice (weight 27~29 g, 

eight-week-old, an experimental model 

mimicking postmenopausal women) were 

purchased from Dae-Han Experimental animal 

center (Eumsung, Republic of Korea). Mice 

were used in this study after acclimatization 

for one week. All procedures for the Care and 

Use of Laboratory Animals were reviewed and 

approved by the Animal Ethics Committee of 

Kyung Hee University (KHSASP-21-285). 

The animals were maintained under standard 

condition (a 12 h light and 12 h dark cycle, 

50~60% humidity, and 20~23°C temperature). 

The mice were randomly divided to six groups 

(n = 5 per group): Sham mice, OVX mice 

treated with distilled water, OVX mice treated 

with 170 mg/kg, 345 mg/kg, and 690 mg/kg 

CPC22, and OVX mice treated with 100 nM 

E2. The OVX mice were orally administered 

with distilled water, CPC22, and E2 daily for 7 

weeks. Changes of tail skin temperature (TST, 

an indicator of hot flashes) and core body 

temperature (CBT, rectal temperature) were 

measured according to previous report.21

Samples of blood, bone, hypothalamus, vagina, 

and uterus were obtained on the last day after 

CPC22 feeding for 7 weeks.

Analysis of menopause-related biomarkers 

in serum and hypothalamus 

The ELISA kits for osteoprotegerin (OPG), 

collagen type 1 cross-linked N-telopeptide 

(Ntx1), tartrate-resistant acid phosphatase

(TRACP), E2, follicle-stimulating hormone

(FSH), luteinizing hormone (LH), 5-HT, 

norepinephrine (NE), and dopamine were 

obtained from MyBioSource Inc. (San Diego, 

CA, USA). The ELISA kit for RANKL was 

purchased from R&D Systems, Inc. 

(Minneapolis, MN, USA). The ELISA assay 

kit for alkaline phosphatase (ALP) was 

obtained from Abcam (Cambridge, MA, USA). 

The ELISA kit for osteocalcin was purchased 

from LSBio (Seattle, WA, USA). The levels of 

total cholesterol, triglyceride, LDL, HDL,

blood urea nitrogen (BUN), creatine kinase

(CK), alanine transaminase (ALT), aspartate 

aminotransferase (AST), and lactate 

dehydrogenase (LDH) in serum were detected 

using a DRI-CHEM NX500i (FUJIFILM Co., 

Tokyo, Japan), respectively. The levels of 

nitric oxide (NO) in serum were evaluated by 

Griess method.25

RNA isolation and Quantitative Real-Time 

Polymerase Chain Reaction (qRT-PCR)

Total RNAs were isolated from the tissues of 

uterus and hypothalamus using an easy-

BLUE™ RNA extraction kit (iNtRON Biotech, 

Sungnam, Republic of Korea). RNA was 

reverse transcribed into complementary DNA 

using an AccuPower® RT PreMix (Bioneer 

Corporation, Daejeon, Republic of Korea). We 

conducted qRT-PCR with primers 

(Supplementary Table 1). The mRNA 

expression levels were analyzed using an ABI 

StepOne real-time PCR System (Applied 

Biosystems, Foster City, CA, USA) and 

normalized to housekeeping gene GAPDH. All 

data were analyzed using a ΔΔCT method.

Microcomputed tomography (μCT)
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The values of BMD, total porosity, trabecular 

number (Tb.N), trabecular bone volume 

(BV/TV), connectivity density (Conn.D), 

trabecular separation (Tb.Sp), and trabecular 

thickness (Tb.Th) in proximal tibia of OVX 

mice were analyzed by using a μCT according 

to previous report.26

Vagina histology

The vaginal tissues were fixed in 10% 

formaldehyde and embedded in paraffin. 

Vaginal tissue sections (4 μm) were stained 

with 1% methylene blue (Sigma Chemical Co.) 

for 45 min and epithelial layers of vagina were 

observed under microphotography. Images 

were taken at x 400 magnification.

Determination of uterus atrophy index 

All mice were sacrificed under anesthesia.

Each uterus was taken and weighed. For each 

mouse, uterus atrophy index was evaluated, 

which was defined as the weight of the uterus 

divided by the total body weight.

Statistics analysis 

All values were represented as mean ± 

standard error of the mean (SEM). The 

statistically significant was evaluated by an 

independent t-test or an ANOVA followed by 

Tukey or Dunnett’s post-hoc test using a 

software SPSS 25.0 version for Windows 

(SPSS Inc., Chicago, IL, USA). Differences 

were considered statistically significant when 

the P value < 0.05. 

RESULTS

Improvement effect of CPC22 in bone loss 

of OVX mice

OVX mice exhibits the low levels of 

serum OPG, ALP, and osteocalcin and the high 

levels of serum RANKL, Ntx1, and TRACP.18

Initially, to determine the improvement effect 

of CPC22 on bone metabolism-related 

biomarkers in OVX mice, levels of serum 

biomarkers of bone formation (OPG, ALP, and 

osteocalcin) and bone resorption (RANKL, 

Ntx1, and TRACP) were analyzed. In the OVX 

group, the levels of serum OPG, ALP, and 

osteocalcin were obviously diminished 

compared with those observed in the Sham 

group (Figs. 1A-C, P < 0.05). Treatment with 

CPC22 or E2 significantly enhanced the levels 

of serum OPG, ALP, and osteocalcin compared 

with those measured in the OVX group (Figs. 

1A-C, P < 0.05). Compared with the OVX 

group, treatment with CPC22 or E2 

significantly diminished the levels of serum 

RANKL, Ntx1, and TRACP (Figs. 1D-F, P < 

0.05). The μCT tibia images representing each 

group are shown in Figure 1G (upper). As a 

result of image analysis, treatment with CPC22 

(690 mg/kg) or E2 significantly enhanced the 

values of BMD and Tb.N, while diminished 

the values of total porosity compared with 

those observed in the OVX group (Figs. 1G-I, 

P < 0.05). However, there were no 

significances in the values for BV/TV, Conn.D, 

Tb.Sp, and Tb.Th between the OVX group and 

CPC22 (690 mg/kg) group (Supplementary 

Table 2). Treatment with E2 significantly 

enhanced the values of BMD, Tb.N, and Tb.Th, 

while diminished the values of total porosity 

and Tb.Sp compared with those observed in 

the OVX group (Figs. 1G-I and Supplementary 

Table 2, P < 0.05). In addition, treatment with 

CPC22 did not exhibit significant influences 

on body weight (data not shown).
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Figure 1. Improvement effect of CPC22 in bone loss of OVX mice. All values are expressed as mean 

± SEM (n = 5). Serum (1A) OPG, (B) ALP, (C) osteocalcin, (D) RANKL, (E) Ntx1, and (F) TRACP. 

The various bone structural parameters in proximal tibia of OVX mice were analyzed by μCT. (G) 

cross-sectional mCT images of tibiae (upper) and BMD (lower), (H) Tb.N, and (I) Total porosity. # P 

< 0.05 vs. Sham group and * P < 0.05 vs. OVX group.

Improvement effect of CPC22 in hot flashes 

of OVX mice

Ovariectomy induces menopausal 

vasomotor diseases such as hot flashes.27 To 

determine whether CPC22 would improve 

OVX-induced hot flashes, changes of TST and 

CBT and levels of hot flashes-related 

indicators were analyzed. As shown in Figures 

2A-B, changes of TST and CBT in the OVX 

group were significantly higher than those 

observed in the Sham group for 7 weeks (P < 

0.05). However, treatment with CPC22 or E2

significantly diminished the changes of TST 

and CBT at 5~7 weeks compared with the 

OVX group (Figs. 2A-B, P < 0.05). 
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Figure 2. Improvement effect of CPC22 in hot flashes of OVX mice. All values are expressed as 

mean ± SEM (n = 5). Changes in (A) TST and (B) CBT of OVX mice for 7 weeks. Hypothalamic (C) 

RANKL, (D) 5-HT, (E) NE, and (F) dopamine levels. Hypothalamic (G) 5-HT2A, (H) MAO-A, (I) 

TPH2, and (J) ER-β mRNA expression levels. # P < 0.05 vs. Sham group and * P < 0.05 vs. OVX 

group.

Estrogen affects the levels of 

hypothalamic RANKL, 5-HT, NE, and 

dopamine, which regulate the hot flashes.21,28

To investigate the regulatory mechanism of 

CPC22 in hot flashes, levels of hypothalamic 

RANKL, 5-HT, NE, and dopamine were 

analyzed by ELISA method. Ovariectomy

resulted in increase of RANKL levels and 

decrease of 5-HT, NE, and dopamine levels in 

the hypothalamus compared with those 

observed in the Sham mice (Figs. 2C-F, P < 

0.05). However, treatment with CPC22 or E2 

significantly diminished the levels of 

hypothalamic RANKL, while enhanced the 

levels of hypothalamic 5-HT, NE, and 

dopamine compared with those observed in the 

OVX group (Figs. 2C-F, P < 0.05). In addition, 

CPC22 (690 mg/kg) or E2 significantly 

increased transcription levels of hypothalamic 

5-HT receptor (5-HT2A) and estrogen receptor 

(ER)-β and reduced transcription levels of 

hypothalamic monoamine oxidase A (MAO-A)

except for tryptophan hydroxylase2 (TPH2)

(Figs. 2G-J, P < 0.05). Furthermore, treatment 

with CPC22 or E2 significantly enhanced the 

transcription levels of uterine ER-β compared 

with those measured in the OVX group 

(Supplementary Fig. 1, P < 0.05).
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OVX mice resulted in lower levels of 

serum E2 and NO and higher levels of FSH and 

LH compared with the Sham mice and these 

changes cause hot flashes.21,29,30 The treatment 

with CPC22 or E2 significantly enhanced the 

levels of serum E2 and NO (Figs. 3A-B, P < 

0.05). CPC22 at 690 mg/kg induced an 

approximately 3-fold increase in the E2 level 

compared with the OVX group, but did not 

reach Sham control levels (Fig.3A).

Figure 3. Improvement effect of CPC22 in serum E2, NO, FSH, and LH levels of OVX mice. All 

values are expressed as mean ± SEM (n = 5). Serum (A) E2, (B) NO, (C) FSH, and (D) LH. # P < 0.05 

vs. Sham group and * P < 0.05 vs. OVX group.

Additionally, CPC22 treatment of OVX mice 

had significant regulatory effects in the levels 

of serum FSH and LH and there was a trend of 

dose-dependent manner (Figs. 3C-D, P < 0.05). 

CPC22 at 690 mg/kg resulted in an 

approximately 34% and 56% decrease in FSH 

and LH compared with the OVX group, 

respectively (Figs. 3C-D).

Improvement effect of CPC22 in 

dysregulated lipid metabolism of OVX mice

To investigate the improvement effect of 

CPC22 in levels of dysregulated lipid 

metabolite, we analyzed levels of serum total 

cholesterol, triglyceride, LDL, and HDL. In 

the OVX group, serum total cholesterol, 

triglyceride, and LDL levels were significantly 

higher than those observed in the Sham group, 

but serum HDL levels were significantly lower 

than those observed in the Sham group (Fig. 4, 

P < 0.05). Treatment with CPC22 or E2

displayed markedly lower serum total 

cholesterol, triglyceride, and LDL levels and 

higher serum HDL levels than that of OVX 
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group (Fig. 4, P < 0.05). CPC22 at 690 mg/kg 

diminished the levels of LDL by an 

approximately 28% and enhanced HDL by an 

approximately 62% (Figs. 4C-D).

Figure 4. Improvement effect of CPC22 in serum lipid parameters of OVX mice. All values are 

expressed as mean ± SEM (n = 5). Serum (A) total cholesterol, (B) triglyceride, (C) LDL, and (D) 

HDL. # P < 0.05 vs. Sham group and * P < 0.05 vs. OVX group.

Improvement effect of CPC22 in serum 

biochemistry and vaginal histology of OVX 

mice

To investigate the side effects of CPC22, 

levels of serum biochemical parameters (BUN, 

CK, ALT, AST, and LDH) were analyzed 

using a DRI CHEM NX500 analyzer. As 

shown in Figures 5A-E, levels of serum BUN, 

CK, ALT, AST, and LDH in the OVX group 

were significantly higher than those in the 

Sham group, whereas treatment with CPC22 or 

E2 significantly diminished the OVX-induced 

serum BUN, CK, ALT, AST, and LDH levels 

(P < 0.05).

In methylene blue-stained vagina tissues, 

treatment with CPC22 or E2 showed the 

multilayered epithelium layers and restored the 

epithelial thickness damaged by OVX to Sham 

level (Fig. 5F). In addition, treatment with 

CPC22 did not affect uterus atrophy index 

values and vagina weights (Supplementary Fig. 

2). However, treatment with E2 markedly 

increased the uterus atrophy index and vagina 

weights compared with those observed in the 

OVX group (Supplementary Fig. 2).
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Figure 5. Improvement effect of CPC22 in serum biochemistry and vaginal histology of OVX mice. 

All values are expressed as mean ± SEM (n = 5). Serum (A) BUN, (B) CK, (C) ALT, (D) AST, and 

(E) LDH. (F) Vaginal sections stained with methylene blue. # P < 0.05 vs. Sham group and * P < 0.05 

vs. OVX group.

DISCUSSION

The OVX animal model shows many 

clinical features of postmenopause caused by 

estrogen deficiency in women and is widely 

used in research on improvement of 

postmenopause. In the present study, we 

showed that CPC12 regulated the levels of 

osteoporosis-, hot flashes-, and dyslipidemia-

related biomarkers in OVX animal model.

The incidence of postmenopausal 

osteoporosis is rapidly increasing with the 

aging of the population.6 Thus, compounds 

that can increase osteoblast activity and 

decrease osteoclast activity are highly needed 

for the improvement of osteoporosis. Currently, 

calcium, vitamin D, bone resorption inhibitors, 

and osteogenesis-promoting agents are used to 

treat osteoporosis. OVX mice show the 

decrease of OPG, ALP, and osteocalcin levels, 
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whereas increases of RANKL, Ntx1, and 

TRACP levels.18 Estrogen replacement 

therapy improves the values of bone loss 

through increasing the OPG levels and 

decreasing the RANKL levels.31

Pyrroloquinoline quinone alleviates the OVX-

induced osteoporosis by reducing osteoclastic 

bone resorption and enhancing osteoblastic 

bone formation.32 Lee et al. (2018) reported 

that anti-osteoporotic effect of CW is 

associated with inhibition of bone resorption 

and induction of bone formation.22 PCE17 (a

mixed extract of flowers of PT and peels of 

CU), which has an improving effect on the 

bone health, increased the levels of OPG, ALP, 

and osteocalcin, whereas decreased the levels 

of RANKL, Ntx1, and TRACP in the OVX 

mice.18 However, there was no significant 

change in the levels of serum RANKL between 

the OVX group and CW (120 mg/kg) group 

(data not shown). PCE12 (115 mg/kg) did not 

significantly affect the levels of OVX-induced 

RANKL, OPG, ALP, and osteocalcin.18 In the 

present study, we demonstrated that CPC22 at 

dosages of 170, 345, and 690 mg/kg 

significantly improved the OVX-induced bone 

loss and showed a significant effect on all 

biomarkers related to bone formation and bone 

resorption. Therefore, we suggest that CPC22 

synergistically enhanced the effectiveness of 

CW or PCE17 on management of osteoporosis 

induced by OVX. 

Hot flash is a form of flushing due to 

reduced estrogen levels and is the most 

common postmenopausal symptom.8 It is 

regulated by hypothalamic 

neurotransmitters.33 Estrogen modulates the 

expression of 5-HT2A receptors, MAO-A (5-

HT catabolizing enzyme), and TPH2 (a rate-

limiting enzyme in the synthesis of 5-HT) and 

alleviates hot flashes by enhancing the levels 

of 5-HT.34 Reduction in hypothalamic NE and 

dopamine induced by estrogen deficiency 

caused hot flashes during menopause.21,28,35

An increase in FSH and LH along with a 

decrease in estrogen and NO increases the 

severity of hot flashes.29,30 A significant 

increase in RANKL is also considered a 

biomarker for hot flashes.36 Currently, 

estrogen alone or in combination with 

progesterone is used to improve the hot flashes. 

However, there is increasing interest in safe 

treatments that are more effective than 

hormone therapy and reduce side effects for 

improving hot flashes.37 Sicat and Broka (2004) 

reported that non-hormonal drugs such as 5-

HT and/or NE reuptake inhibitors managed the 

vasomotor symptoms to overcome the side 

effects of hormone therapy.38 A previous study 

showed that buspirone administration has 

effectively alleviated the hot flashes in OVX 

mice.39 In our previous study, we reported that 

PCE17 alleviated the hot flashes by regulation 

the levels of neurotransmitters, E2, FSH, LH, 

NO, and RANKL.21 In the present study, we 

demonstrated that CPC12 lead to a significant 

reduction in TST and CBT through the 

regulation of E2, FSH, LH, NO, RANKL, 5-HT, 

NE, and dopamine levels. Therefore, we 

suggest that CPC22 has a regulatory effect in 

OVX-induced hot flashes. 

Menopause is accompanied with cognitive 

deterioration, anxiety, and depression.40 The 

estrogen alleviates menopause-induced 

depression by activation of brain 5-HT, NE, 

and dopamine systems.41 Decreased 5-HT, NE, 

and dopamine levels in brain are associated 

with depression.42 Therefore, we predict that 

the levels of hypothalamic 5-HT, NE, and 

dopamine increased by CPC22 may also have 

a beneficial effect on postmenopause-induced 

depression. 

Dyslipidemia caused by estrogen 

deficiency during menopause is known to 

promote atherosclerosis, and low levels of 

HDL and high levels of LDL are closely 
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related to cardiovascular disease.14 The loss of 

estrogen results in a surge in the levels of total 

cholesterol, triglycerides, and LDL, leading to 

an increased risk for atherosclerosis.43 In the 

OVX mice, the levels of total cholesterol, 

triglycerides, and LDL are significantly 

increased, while the levels of HDL are 

significantly reduced.18 Lin et al. (2015) 

reported that atorvastatin, which is a statin 

medication used to prevent cardiovascular 

disease, prevented the OVX-induced 

dyslipidemia.44 In the present study, we 

demonstrated that CPC22 diminished the 

levels of total cholesterol, triglycerides, and 

LDL and enhanced the levels of HDL. 

Therefore, we suggest that CPC22 may have a 

beneficial effect on postmenopause-induced 

cardiovascular diseases through the regulation 

of dyslipidemia.

Reduction of estrogen by OVX 

significantly increases the levels of serum 

BUN, CK, ALT, AST, and LDH and causes 

vaginal dryness.18,21 In the present study, we 

demonstrated that CPC22 regulated the levels 

of BUN, CK, ALT, AST, and LDH. However, 

estrogen-dependent activation of ER induced 

the hormone imbalance and the proliferation of 

endometrium, resulting in endometrial 

hyperplasia.45 According to recent report, a 

combination formular containing CW had an 

estrogen-like effect but did not bind to the 

ER.46 In addition, it has been reported that 

active compounds of PT have a lower binding 

affinity to ER than soy isoflavones.47 Although 

CPC22 significantly increased the levels of E2, 

there were significant differences in the levels 

of FSH and LH compared with the E2

administration. In addition, CPC22 had no 

obvious effect on uterus atrophy index and 

recovered the vaginal dryness to normal levels. 

Therefore, we suggest that CPC22 improved 

the postmenopausal symptoms without 

affecting side effect.

As described above, CPC22 consists of 3 

different herbs. Previous research has 

demonstrated that linoleic acid, which is a 

major active compound of CW, may prevent 

the OVX-induced osteoporosis.48 Tectorigenin, 

tectoridin, and tectorigenin 7-O-

xylosylglucoside, isolated from PT, improved 

the postmenopausal symptoms through the 

regulation of OVX-induced osteoporosis and 

hot flashes.18,21 CU and its active compound 

hesperidin have been observed to alleviate the 

hot flashes, osteoporosis, and dyslipidemia 

induced by OVX.18,21 Therefore, it can be seen 

that the above-mentioned compounds are 

active compounds of CPC22 in improving 

postmenopause. However, as we already 

described, CPC22 is a natural product made up 

of three types of herbs, it contains many types 

of compounds. Therefore, further studies will 

be needed to elucidate other active compounds 

that appear to create the postmenopausal 

improving effects of CPC22.

CONCLUSIONS

In conclusion, these results indicated that 

CPC22 improves OVX-induced bone loss, hot 

flashes, and dysregulated lipid metabolism by 

compensating for estrogen deficiency without 

affecting side effects, suggesting that CPC22 

may be used for the prevention and treatment 

of postmenopause.
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