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Phenolic Compounds Isolated from Juncus decipiens and Their Effects on 
Osteoblast Differentiation in the Mouse Mesenchymal Stem Cell Line C3H10T1/2 
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Abstract : As part of our current projects to discover biologically active compounds from natural sources, 
we conducted a phytochemical investigation of Juncus decipiens, a species generally distributed throughout 
Korea. J. decipiens has been used in traditional Chinese medicine to control diuresis for strangury and clear 
out heart fire. The phytochemical investigation of the EtOH extract of J. decipiens led to the isolation of five 
phenolic compounds (1–5) via semi-preparative HPLC purification. The chemical structures of the isolated 
compounds were identified as isosaponarin (1), isovitexin 7,2′′-di-O-glucoside (2), 4-O-feruloylquinic acid (3), 
5-O-feruloylquinic acid (4), and 3-O-caffeoylquinic acid (5) based on comparisons of their spectroscopic and
physical properties with those reported in previous studies. Notably, this is the first report of the presence of
compounds (1–4) in J. decipiens. Then, compounds 1–5 were tested to determine their effects on osteogenesis
and adipogenesis in the mouse mesenchymal stem cell line C3H10T1/2. We found that quinic acid derivatives
(3–5) promoted the osteogenic differentiation of stem cells. These findings demonstrate that the bioactive quinic
acid derivatives might be effective for the treatment of menopause-associated syndromes, such as osteoporosis,
as the isolated compounds were shown to promote osteogenesis of stem cells.
Keywords : Juncus decipiens, Juncaceae, Quinic acid derivatives, Osteogenesis

Introduction

As part of our continuous endeavor to discover 
structurally and biologically novel compounds from diverse 
natural sources,1–5 we have collected and prepared ethanol 
(EtOH) extracts of freshwater plants for phytochemical 
investigation. Among the collected freshwater plants, 
Juncus decipiens, a member of the Juncaceae family, 
possesses culinary, medicinal, and decorative properties. It 
is generally distributed throughout Korea and the temperate 
and subtropical regions of the northern hemisphere. For 
many years, J. decipiens has been used in traditional 
Chinese medicine to control diuresis for strangury and clear 
out heart fire.6 Previous studies on this plant have reported 
its pharmacological properties, including antithrombotic 
and hepatoprotective activities.7 It also exhibits anti-
inflammatory activities by suppressing the production of 

inflammatory mediators in LPS-stimulated RAW 264.7 
cells and by attenuating edema in mice.8

Recently, J. decipiens has gained medicinal attention 
as a source of phenanthrenes, phenolic compounds, 
glycerides, and flavonoids.9–12 One of the most interesting 
molecules identified in J. decipiens is phenanthrene-type 
compounds, which have shown potential in preventing 
Alzheimer’s disease13 and exhibiting antimicrobial 
activity.14 Its dimers have demonstrated bioactivities such 
as cytotoxicity and anti-inflammatory effects.15 Despite 
several previous reports, there have been few studies 
describing the biologically active phenolic constituents 
from J. decipiens.

In this study, we performed an extensive phytochemical 
analysis of the whole plant of J. decipiens. The column 
chromatographic separation of its EtOH extract and 
subsequent high-performance liquid chromatography 
(HPLC) purification led to the isolation of five phenolic 
compounds (1–5) via liquid chromatography/mass 
spectrometry (LC/MS)-based analysis. Their structures 
were elucidated by combining spectroscopic data and LC/
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MS analysis results. The isolated compounds 1–5 were 
then tested to determine their effects on osteogenesis in the 
mouse mesenchymal stem cell (MSC) line C3H10T1/2. 
Herein,  we describe the isolat ion and structural 
characterization of the five phenolic compounds (1–5) 
and their potential effects on the reciprocal regulation of 
osteoblast differentiation.

Experimental

General experimental procedures – The optical 
rotations were obtained using a Jasco P-1020 polarimeter 
(Jasco, Easton, MD, USA). The nuclear magnetic 
resonance (NMR) spectra were obtained using a Bruker 
AVANCE III HD 850 NMR spectrometer at 850 MHz (1H) 
and 212.5 MHz (13C), with chemical shifts given in ppm 
(δ). Preparative HPLC was performed using a Waters 1525 
Binary HPLC pump with a Waters 996 Photodiode Array 
Detector (Waters Corporation, Milford, CT, USA). Semi-
preparative HPLC was conducted using a Waters HPLC 
System with 2998 photodiode array detectors (Waters 
Corporation, Milford, CT, USA) and Waters 2690 binary 
HPLC pump. LC/MS analysis was carried out on an Agilent 
1200 Series HPLC system (Agilent Technologies, Santa 
Clara, CA, USA) equipped with a diode array detector and 
a 6130 Series ESI mass spectrometer by using an analytical 
Kinetex C18 100 Å column (100 mm × 2.1 mm i.d., 5 
μm) (Phenomenex, Torrance, CA). High-resolution (HR) 
electrospray ionization (ESI) mass spectra were recorded 
on an Agilent 6545 QTOF LC/MS spectrometer (Agilent 
Technologies, Santa Clara, CA, USA). Merck precoated 
silica gel F254 plates and RP-18 F254s plates were used 
for thin-layer chromatography (TLC). Spots were detected 
on TLC under UV light or by heating after spraying with 
anisaldehyde-sulfuric acid.

Plant material – The whole plant of J. decipiens 
(Buchenau) Nakai  were col lected at  Jecheon-si , 
Chungcheongbuk-do, Replublic of Korea, in May 2023. 
The plant material was verified by Dr. Moon Jin Ra, Jeong 
Nam Yu, and Sang Mi Jung at Nakdonggang National 
Institute of Biological Resources, Sangju, Republic of 
Korea.  A voucher specimen, namely HIMH-2304, was 
stored at the herbarium of the School of Pharmacy affiliated 
in Sungkyunkwan University, Suwon, Republic of Korea.

Extraction and isolation – Completely dried whole 
plants of J. decipiens (798.7 g) were extracted by 

sonicating three times (2.0 L×3) for 90 min in 80% 
ethanol (EtOH) at room temperature and then filtered. The 
filtrate was subsequently evaporated in vacuo to obtain a 
crude EtOH extract (35.2 g). This extract was dissolved 
in distilled water (700 mL) and then solvent-partitioned 
with n-hexane, dichloromethane (CH₂Cl₂), ethyl acetate 
(EtOAc), and n-butanol (n-BuOH) (each 700 mL×3), 
yielding 3.1 g, 731.7 mg, 1.9 g, and 3.8 g of extract, 
respectively. Through LC/MS analysis of each fraction, 
we found that the n-BuOH-soluble fraction harbors the 
main phenolic compounds with characteristic UV patterns 
of flavonoids. Consequently, 2.2 g of the n-BuOH fraction 
(3.8 g) was collected and divided into five fractions 
(GPB1-GPB5) using preparative HPLC. Five subfractions 
were obtained from the n-BuOH fraction (2.2 g) by 
preparative reversed-phase HPLC (Phenomenex Luna 
C18, 250×21.2 mm i.d., 5 μm) using an isocratic system 
of 37% MeOH/H₂O at a flow rate of 5 mL/min. From 
subfraction GPB2 (90.0 mg), compounds 1 (2.6 mg, tR = 
55.0 min), 2 (2.6 mg, tR = 57.0 min), 3 (0.6 mg, tR = 63.0 
min), and 4 (7.5 mg, tR = 74.0 min), 5 (43.4 mg, tR = 38.0 
min) were isolated via semi-preparative reversed-phase 
HPLC (Phenomenex C18 100 Å column, 250×2.1 mm 
i.d., 5 μm) using a gradient system of 15–35% MeOH/
H₂O at a flow rate of 2 mL/min.

Isosaponarin (1) – Yellow amorphous solid; D
25a5 ?

: −29° (c 0.13, pyridine), Electrospray ionization-mass 
spectrometry (ESI-MS) m/z 595.2 [M+H]+; 1H-NMR 
(DMSO-d6, 850 MHz): δ 8.02 (2H, d, 9.0, J = H-2′ and 
H-6′), 7.18 (2H, d, 9.0, J = H-3′ and H-5’), 6.84 (1H, s, 
H-3), 6.52 (1H, s, H-8), Glc: 5.02 (1H, d, J = 7.5 Hz, 
H-1′′), 4.58 (1H, d, J = 10.0 Hz, H-1′′′), 4.07 (1H, t, J = 
9.0 Hz, H-2′′′), 3.69 (1H, dd, 12.0, 2.0 Hz , H-6′′), 3.67 
(1H, d, J = 11.0 Hz, H-6′′′), 3.48 (1H, dd, J = 12.0, 5.5 
Hz, H-6′′), 3.29–3.32 (2H, m, overlapped, H-3′′ and 
H-5′′), 3.25–3.29 (1H, m, overlapped, H-2′′), 3.19 (1H, 
dd, J = 18.0, 9.0 Hz, H-5′′′), 3.17 (2H, m, H-3′′′ and 
H-4’’); 13C-NMR (DMSO-d6, 212.5 MHz): δ 181.7 (C-4), 
162.5 (C-7), 162.4 (C-2), 160.7 (C-5), 160.2 (C-4′), 156.4 
(C-9), 128.1 (C-6′), 124.0 (C-1′), 116.6 (C-3′ and C-5’), 
109.1 (C-6), 103.7 (C-3), 99.9 (C-1′′), 94.0 (C-8), 81.5 
(C-5′′′), 79.1 (C-3′′′), 77.2 (C-5′′), 76.5 (C-3′′), 73.2 (C-2′′ 
and C-1′′′), 70.6 (C-4′′′), 70.1 (C-2′′′), 69.6 (C-4′′), 61.5 
(C-6′′′), 60.6 (C-6′′). 

Isovi texin  7 ,2 ′ ′ -di -O -g lucos ide  (2)  – Yel low 
amorphous powder; D

25a5 ? : −62.0° (c 0.13, MeOH), ESI-
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MS m/z 757.2 [M+H]+; 1H-NMR (CD3OD, 850 MHz): 
δ 8.00 (2H, d, J = 8.5 Hz, H-2′ and H-6′), 7.27 (2H, d, J 
= 8.5 Hz, H-3′ and H-5′), 6.73 (1H, s, H-3), 6.60 (1H, s, 
H-6), Glc: 5.16 (1H, d, J = 7.5 Hz, H-1′′), 4.90 (1H, d, J 
= 9.5 Hz, H-1′′′), 4.50 (1H, d, J = 7.5 Hz, H-1′′′′), 3.38–
3.77 (18H, m, overlapped, H-2′′–H-6′′, H-2′′′–H-6′′′, and 
H-2′′′′–H-6′′′′).

4-O-feruloylquinic acid (3) – White powder; D
25a5 ?

: −55.7° (c 0.03, MeOH), ESI-MS m/z 369.1 [M+H]+; 
1H-NMR (CD3OD+D2O, 850 MHz): δ 7.65 (1H, d, J = 16.0 
Hz, H-7′), 7.14 (1H, d, J = 2.0 Hz, H-2′), 7.04 (1H, dd, J = 
8.5, 2.0 Hz, H-6′), 6.85 (1H, d, J = 8.5 Hz, H-5′), 6.42 (1H, 
d, J = 16.0, H-8′), 4.85 (1H, dd, J = 9.0, 3.0 Hz, H-4), 4.31 
(1H, dt, J = 6.5, 3.0 Hz, H-3), 4.27 (1H, td, J = 9.0, 4.0 Hz, 
H-5), 3.77 (3H, s, OCH3), 2.22 (1H, dd, J = 14.0, 3.0 Hz, 
H-2a), 2.19 (1H, m, H-6a), 2.07 (1H, m, H-2a), 2.06 (1H, 
m, H-6b). 

5-O-feruloylquinic acid (4) – White powder; D
25a5 ?

: +10.9° (c 0.38, MeOH), ESI-MS m/z 369.1 [M+H]+; 
1H-NMR (CD3OD+D2O, 850 MHz): δ 7.53 (1H, d, J = 
16.0 Hz, H-7′), 7.08 (1H, d, J = 2.0 Hz, H-2′), 6.97 (1H, 
dd, J = 8.5, 2.0 Hz, H-6′), 6.82 (1H, d, J = 8.5 Hz, H-5′), 
6.24 (1H, d, J = 16.0, H-8′), 5.27 (1H, dd, J = 12.0, 7.0 
Hz, H-4), 4.16 (1H, dt, J = 7.0, 3.0 Hz, H-4), 3.77 (1H, dd, 
J = 7.5, 3.0 Hz, H-3), 3.70 (3H, s, OCH3), 2.22 (1H, dd, J 
= 14.0, 3.0 Hz, H-6a), 2.18 (1H, m, H-2b), 2.06 (1H, m, 
H-2b), 2.02 (1H, m, H-6b).

3-O-caffeoylquinic acid (5) – Colorless needles; D
25a5 ?

: −134.6° (c 2.17, MeOH), ESI-MS m/z 355.1 [M+H]+; 
1H-NMR (CD3OD, 850 MHz): δ 7.56 (1H, d, J = 16.0 Hz, 
H-7′), 7.05 (1H, d, J = 2.0 Hz, H-2′), 6.95 (1H, dd, J = 8.0, 
2.0 Hz, H-6′), 6.78 (1H, d, J = 8.0 Hz, H-5′), 5.34 (1H, dd, 
J = 12.0, 8.5 Hz, H-3), 4.18 (1H, s, H-5), 3.73 (1H, dd, J 
= 8.5, 3.0 Hz, H-4), 2.16–2.22 (2H, m, H-2a and H-6a), 
2.15–2.02 (2H, m, H-2b and H-6b).

LC-MS ana lys i s  for  f rac t ions  and  3D p lo t 
visualization – The LC-MS analysis was carried out 
using an Agilent 1200 series HPLC system, equipped 
with a diode array detector and a 6130 Series ESI mass 
spectrometer. For the analysis, an analytical Kinetex C18 
100 Å column (100 × 2.1 mm i.d., 5 μm particle size) from 
Phenomenex (Torrance, CA, USA), was employed, with a 
flow rate maintained at 0.3 mL/min. The fraction samples 
were analyzed using a gradient elution program from 10% 
MeOH-H2O to 100% MeOH for 52 min [10% MeOH-
H2O → 100% MeOH (0–30 min), 100% MeOH (30–41 

min), 100% MeOH → 10% MeOH-H2O (41–42 min), 10% 
MeOH-H2O (42–52 min), and a flow rate of 0.3 mL/min]. 
For the LC-MS data analysis, the application MZmine 
4.1.0 was used to process the 3D plot visualization of the 
LC/MS data. The parameters were set as follows: MS 
mass range 100-1000 Da, retention time resolution 500, 
m/z resolution 500, MS level 1, Polarity +, Spectrum type 
Centroided.

Cell culture –  The C3H10T1/2 cell line, which 
originated from mouse embryonic fibroblasts, was cultured 
in Dulbecco’s Modified Eagle’s Medium supplemented 
with 10% heat-inactivated fetal bovine serum, 100 U/
mL of penicillin, and 100 μg/mL of streptomycin at 37°C 
with 5% CO2. To measure adipogenic activity, C3H10T1/2 
cells were plated in a six-well plate at a density of 5 × 
105 cells/mL. The cells were then treated with 1 μM of 
dexamethasone (DMS), 10 μM of troglitazone, 5 μg/mL of 
insulin, and 0.5 mM of 3-isobutyl-1-methylxanthine for 48 
h. Subsequently, the cells were cultured for an additional 
72 h with 10 μM of troglitazone and 5 μg/mL of insulin. 
To measure osteoblastic activity, C3H10T1/2 cells were 
plated in a six-well plate at a density of 5 × 105 cells and 
treated with 10 mM of β-glycerophosphate and 50 μg/mL 
of ascorbic acid. The culture medium was changed every 
72 h.

Oil Red O staining – The cultured cells were rinsed 
with phosphate-buffered saline (PBS) and fixed in 10% 
neutral-buffered formalin at room temperature for 1 
hour. Subsequently, the cells were stained with a 0.5% 
filtered stock solution of Oil Red O in isopropanol 
(Sigma, Saint Louis, MO, USA). After staining, the 
intracellular triglyceride content was assessed by 
redissolving the stained cells in isopropanol, followed 
by measurement of absorbance at a wavelength of 520 
nm.

Alkaline phosphatase staining – Cultured cells were 
washed with 2 mM of MgCl2 and then incubated with an 
alkaline phosphatase (ALP) buffer (100 mM of Tris-HCl, 
pH 9.5; 100 mM of NaCl; 10 mM of MgCl2; and 0.05% 
Tween-20) for 15 min. The cells were then incubated 
in an ALP buffer containing 0.4 mg/mL of nitro-blue 
tetrazolium (Sigma) and 0.2 g/mL of 5-bromo-4-chloro-
3-indolyl phosphate (Sigma). After washing with 0.5 
mM of ethylenediaminetetraacetic acid (EDTA), the 
cells were fixed with 10% neutral-buffered formalin for 
1 h.
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mRNA isolation and real-time polymerase chain 
reaction (PCR) – RNA extraction from the cells was 
performed using the NucleoZOL reagent (NucleoZOL; 
Macherey-Nagel  GmbH & Co. ,  KG,  Germany) . 
Subsequently,  complementary DNA (cDNA) was 
synthesized from 0.5 μg of total RNA utilizing a 
ReverTraAce qPCR reverse transcription (RT) Master Mix 
Kit (FSQ-201; Toyobo, Japan) with random primers. The 
resulting cDNA was then combined with the amplification 
mixture comprising the Thunderbird SYBR qPCR Mix 
(Toyobo) along with the specified primers. The primers 
used for the quantitative PCR were:

ALP: F (ATC GGA ACA ACC TGA CTG ACC) and R 
(ACC CTC ATG ATG TCC GTG GTC AAT).

Osteopontin: F (GAC CAC ATG GAC GAC GAT G) 
and R (TGG AAC TTG CTT GAC TAT CGA

Osterix: F (GAT GGC GTC CTC TCT GCT T) and R 
(CGT ATG GCT TCT TTG TGC CT).

Statistical analysis – One-way analysis of variance 
was used to determine whether there were any statistically 
significant differences between the control group and the 
test group.

Results and Discussions

The EtOH extract of the whole plant of J. decipiens 
underwent solvent partitioning using four organic 
solvents: n-hexane, dichloromethane (CH₂Cl₂), ethyl 
acetate (EtOAc), and n-butanol (n-BuOH). This process 
afforded four main fractions: n-hexane, CH₂Cl₂, EtOAc, 
and n-BuOH soluble fractions (Fig. 1). Each fraction was 
analyzed by LC-MS in positive ion mode, and the 3D 
plot visualization of the LC/MS data was processed using 
the application MZmine 4.1.0. The 3D plot visualization 
showed that the n-BuOH-soluble fraction contained major 
peaks (Fig. 2), including phenolic compounds exhibiting 
a characteristic UV spectrum of flavonoids. The 3D plot 
visualization of subfractions from the n-BuOH-soluble 
fraction indicated that the subfraction GPB2 is a promising 
fraction for investigating the main phenolic compounds 
(Fig. 2). The chemical analysis of the subfraction GPB2 
using semi-preparative HPLC resulted in the purification 
of five phenolic compounds (1–5) (Fig. 1) which include 
two flavonoid glycosides (1 and 2) and three quinic acid 
derivatives (3–5). The compounds were identified as 
isosaponarin (1),16 isovitexin 7,2′′-di-O-glucoside (2),17 

4-O-feruloylquinic acid (3),18 5-O-feruloylquinic acid 
(4),18 and 3-O-caffeoylquinic acid (5)19 by comparing 
their spectroscopic data with reported values from 
previously published studies (Fig. 3). Notably, compound 
1, isosaponarin, has been previously identified as a major 
substance in wasabi leaves and reported for its bioactivity 
in regulating glutamate release.20,21 Compound 2, isovitexin 
7,2′′-di-O-glucoside, was first isolated and reported from 
Cerastium arvense.22 Compound 3, 4-O-feruloylquinic 
acid, and compound 4, 5-O-feruloylquinic acid, have been 
isolated from green coffee beans and are known for their 
inhibitory effects on porcine pancreas α-amylase isozyme 
I and they have been reported to possess antioxidant 
activity.23 Compound 5, 3-O-caffeoylquinic acid, has 
been primarily isolated from several plants and exhibits 
various bioactivities, including antioxidant, antitumor, 
anti-inflammatory, antibacterial, protective effects on 
blood vessels and the nervous system, and regulation of 
carbohydrate and lipid metabolism.24 Based on a literature 
search, to the best of our knowledge, this is the first report 
of the presence of four phenolic compounds (1–4) from J. 
decipiens. 

Mesenchymal stem cells (MSCs) in the bone marrow 
are pluripotent cells capable of differentiating into 
osteocytes and adipocytes. Microenvironmental changes 
influence the regulation of gene expression during MSC 
differentiation, and alterations in the expression of these 
genes may disrupt the balance between osteoprogenitor 
and adipocyte progenitor cells in osteoporosis patients.25–27 
Therefore, a therapy that can modulate gene expression 
in MSCs holds promise for managing postmenopausal 
osteoporosis. 

To evaluate the therapeutic effects of compounds 1–5 
on MSC differentiation, we investigated their influence 
on the differentiation of murine MSCs into adipocytes 
and osteoblasts. The murine mesenchymal stem cell line 
C3H10T1/2 was treated with 10 µM of each compound 
during adipogenesis. Differentiated cells were stained 
with Oil Red O (ORO) to assess lipid droplet formation. 
Compound 5 was observed to slightly reduce lipid droplet 
formation, resulting in fewer ORO-stained cells compared 
to normally differentiated adipocytes (Fig. 4A and 4B). In 
osteogenesis assays, MSCs were cultured in osteogenesis-
inducing media in the presence of compounds 1–5 and 
stained to detect alkaline phosphatase (ALP) production, 
a marker of osteoblast differentiation.28 Compounds 3–5 
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Fig. 1. Separation scheme of compounds 1–5. 

Fig. 2. The 3D plot visualization of the LC/MS data from the n-BuOH-soluble fraction (A) and subfraction GPB2 from the n-BuOH-soluble frac-
tion (B). The peak assignment for compounds 1–5 was based on the molecular ion peak of [M+H]+, except for an additional peak observed for 
compound 5.
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Fig. 3. The chemical structures of compounds 1–5 from J. decipiens.

Fig. 4. The effects of compounds 1–5 on the differentiation of MSCs into osteoblasts or adipocytes. The mouse MSC line C3H10T1/2 was treat-
ed with compounds 1–5. After adipogenic differentiation, the cells were stained with ORO (A) and the absorbance of the stained lipid droplets 
was quantified (B). Osteoblast differentiation was assessed using alkaline phosphatase (ALP) staining (C), with the intensity of the stained cells 
measured (D). The untreated negative control is labeled as NC. Adipogenesis was induced using 20 μM resveratrol (Res) as a positive control 
(PC), and osteogenesis was induced using 5 μM oryzativol A (OryA). Each compound was applied at a concentration of 10 μM in media induc-
ing adipogenesis or osteogenesis. Statistical significance: *p < 0.1; ***p < 0.005.
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induced a slight increase in ALP staining intensity and 
stimulated ALP enzyme activity compared to the negative 
control group (Fig. 4C and 4D). 

Since  compounds  3–5  were  found to  promote 
osteogenic differentiation of MSCs, we investigated 
whether these compounds affect the expression of 
osteogenesis-related genes during the differentiation 
process. Compound 3 significantly upregulated the 
gene expression of alkaline phosphatase (ALP) (Fig. 
5). Additionally, compound 5 marginally increased 
the expression of osterix, a key transcription factor in 
osteogenesis, during osteogenic differentiation (Fig. 5). 
These findings indicate that compounds 3 and 5 not only 
enhance osteogenic differentiation at the cellular level but 
also modulate the expression of critical genes involved in 
osteoblast formation, further supporting their potential as 
therapeutic agents for osteoporosis and other bone-related 
disorders.

In conclusion, we identified five phenolic compounds 
(1–5) present in the whole plants of J. decipiens via 
LC/MS-based analysis. The chemical structures of the 
isolated compounds were identified as isosaponarin (1), 
isovitexin 7,2′′-di-O-glucoside (2), 4-O-feruloylquinic acid 
(3), 5-O-feruloylquinic acid (4), and 3-O-caffeoylquinic 
acid (5) based on comparisons of their spectroscopic and 
physical properties with those reported in previous studies. 
To the best of our knowledge, this is the first report of 
the presence of compounds (1–4) in J. decipiens. We 
examined the effects of the isolated compounds on MSC 
differentiation into osteoblasts and found that three quinic 
acid derivatives (3–5) have the potential to modulate MSC 
differentiation towards osteogenesis over adipogenesis. 
Specifically, compound 3 significantly upregulated the 
expression of alkaline phosphatase (ALP), while compound 
5 marginally increased the expression of osterix, a key 
factor in osteogenesis. Taken together, our results suggest 
that these bioactive compounds may be useful as an 
effective treatment for menopause-associated syndromes, 
such as osteoporosis.
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