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Abstract Although it has been clearly shown that Pueraria

mirifica and its phytoestrogens can mimic estrogen in pre-

venting bone loss, as osteoporosis is an asymptomatic dis-

ease, the therapeutic effects of P. mirifica should be

acknowledged. In this study, 6-month-old female rats were

ovariectomized, kept for 4 weeks to induce bone loss, divi-

ded into five groups, and treated with P. mirifica at doses of

0, 5, 25, and 50 mg/kg BW/day (PM0, PM5, PM25, and

PM50 groups, respectively) or 7 mg/kg BW/day of puerarin

(PU group) for 12 weeks. Only the trabecular bone mineral

densities (BMDs) of tibia metaphysis (at the 12th, 14th, and

16th week) and total and trabecular BMDs of L4 (at the

16th week) of the PM50 group were significantly higher than

those of the PM0 group. However, the BMDs of tibia

metaphysis and L4 at the 16th week of the study period were

kept significantly lower than those of the 0 week, and the

BMD was also significantly lower than that of the 4th week

for tibia metaphysis. The trabecular bone area (BV/TV),

trabecular number (Tb.N), and osteoblast surface (Ob.S/BS)

were significantly higher, and trabecular space (Tb.Sp) was

significantly lower in the PM50 group, as compared with

those of the PM0 group. This study indicates that P. mirifica

could be used as an anti-osteoporotic agent for post-

menopausal women. Since P. mirifica could mainly retain

bone mass at the levels before bone loss is initiated, the use

of other anabolic agents in combination with P. mirifica is

recommended for osteoporotic patients.
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Introduction

Osteoporosis is a common disorder of aging, which is

characterized by low bone mass and micro-architectural

deterioration of bone tissue [1]. The cause of the disease is

multifactorial with the dominant factor often sex hormone

deficiency, particularly estrogen deficiency in post-

menopausal women [1, 2]. Several studies have demon-

strated the beneficial effect of estrogen replacement

therapy in preventing and curing bone loss following

menopause [3–6]. However, use of estrogens has several

downsides that may lead to serious side effects such as

breast or endometrial cancer [7].

Thus, other antiresorptive and anabolic agents have been

widely prescribed. Oral bisphosphonates are currently the

most potent antiresorptive agents for prevention or treat-

ment of osteoporosis. They can reduce vertebral and hip

fractures by 50–60 % in postmenopausal women. How-

ever, bisphosphonates have adverse side effects on the

gastrointestinal tract such as induction of esophageal

ulceration, acid reflux, vomiting, and heart burn, which is

why physicians hesitate to use these in some women [8].

Another weak point for antiresorptive agents is that they

are unable to build a new bone or lead to bone formation;

thus, it might not be justified to use them with osteoporotic
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patients. The evidence for the use of recombinant human

parathyroid hormone (hPTH) analogue PTH(1–34), an

anabolic agent that will increase bone mass and bone

strength while reducing bone loss [9], is still equivocal for

application in humans. Since PTH is a protein hormone,

oral administration of hPTH is susceptible to protease

digestion, while absorption through the intestinal layers is

low [10]. Both bisphosphonates and hPTH are also

expensive for low-income patients. Therefore, natural

products that show few side effects and are substantially

safe and cheap become a focal point of interest.

Pueraria candollei var. mirifica (Airy Shaw et.

Suvatabandhu) Niyomdham (1992) (syn. P. mirifica) is an

endemic Thai plant whose tuberous roots contain at least

17 phytoestrogenic substances [11, 12]. The plant’s estro-

genic potency has been widely tested on reproductive

organs [13, 14] and bones [15–18]. For bones, P. mirifica

powder could prevent bone loss in orchidectomized [15]

and ovariectomized [16] rats. It ameliorated the lowered

bone mineral content (BMC) and density (BMD) caused by

sex steroid hormone deficiency [15, 16], functioning

through both osteoblast and osteoclast cells [17]. Addi-

tionally, the vast majority of reports have focused on

puerarin, a major phytoestrogen constituent in Pueraria

plants, especially in P. mirifica, and its effects on bone.

Puerarin can decrease bone loss and increase bone mass in

primary bone cells [18–20], cell lines [17, 21], and rats [22,

23]. In light of the literature mentioned above, P. mirifica

should be a strong potential candidate for development as

an anti-osteoporotic agent for human use. Besides P. miri-

fica also elicits cytotoxicity toward mammary cancer, both

in the MCF-7 cell line [24] and a laboratory rat model [25].

Since osteoporosis is an asymptomatic disease occurring

gradually with no pain, most patients do not realize that

they are suffering from it until after bone fracture. As the

preventive strategy might not be reasonable for most

osteoporotic patients, this study aims to determine if P.

candollei var. mirifica and puerarin can exert anti-osteo-

porotic effects in ovariectomy-induced osteoporotic rats.

As P. mirifica elicited estrogenic potency on both repro-

ductive organs and bone [13–18], P. mirifica at dose ranges

effective on bone but not on reproductive organs were

selected for this study.

Materials and methods

Animals

Two-month-old female Sprague–Dawley rats, weighing

210–220 g, were obtained from the National Laboratory

Animal Center, Mahidol University, Nakhon Pathom,

Thailand. They were housed (three rats/cage) in a room

with controlled lighting (lights on 0600–1800 hours) and

temperature (25 ± 1 �C) at the Laboratory Animal Unit,

Faculty of Science, Chulalongkorn University, Thailand.

The rats were fed with standard rat diet containing

4000 IU/kg of vitamin D, 0.94% wt/wt of calcium and

0.83% wt/wt of phosphorus (Perfect Companion Group

Co., Ltd., Samutprakarn, Thailand) and supplied water

ad libitum until they became 6 months old when peak bone

mass was achieved [16]. The experimental protocol was

approved by the Animal Ethical Committee in accordance

with the guide for the care and use of laboratory animals

prepared by Chulalongkorn University (Protocol Review

No. 1223007).

Experimental design

The BMDs of the rats were measured at tibia and 4th

lumbar vertebra (L4) on the first day (0 week) of the

experiment. Rats were randomly assigned to one of five

groups (6–8 rats per group) so that their BMD values

between groups were non-significantly different. After that,

they were bilaterally ovariectomized under sodium pento-

barbital anesthesia (40 mg/kg BW, i.p.). The BMDs of the

tibia and L4 were followed up every 2 weeks after

ovariectomy until the end of the experiment. When the rats

showed a significantly lowered BMD value, namely

osteoporotic rats in this study, the treatments were started.

Five groups of rats were gavaged daily with P. mirifica at

dosages of 0, 5, 25, and 50 mg/kg BW/mL/day (PM0,

PM5, PM25, and PM50 groups, respectively) or subcuta-

neously injected with 7 mg/kg BW/0.2 mL/day of puerarin

(PU group) at 1600-1800 hours for 12 weeks. P. mirifica

and puerarin at these dose ranges were selected because

they did not stimulate reproductive organs in female mice

[26], rats [14, 27, 28], or monkeys [13, 29].

At the end of the 16-week experiment, the rats were

weighed to determine their body mass. Then, they were

euthanized and the uterus and vagina were dissected and

weighed. The tibiae were collected and processed for his-

tomorphometry of the trabecular microstructures [30].

Preparation of P. mirifica suspension and puerarin

solution

P. mirifica powder (Lot no. 121408) was provided by

Smith Natural Co., Ltd. and used throughout this study.

Dry powder (\100 lm in size) of P. mirifica was mixed

with distilled water and administered to the rats via gavage.

P. mirifica suspension was freshly prepared every 2 weeks

and kept at 4 �C in a dark bottle. The major phytoestro-

gens, including genistin, genistein, puerarin, daidzin,

daidzein, miroestrol, and deoxymiroestrol, were analyzed

by liquid chromatography–mass spectrometry (LC/MS).
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One kilogram of the powder was extracted with 95 %

ethanol using the Bio-Chelated� cold extraction process,

and glycerin was added into the extract to prevent oxida-

tion of miroestrol before LC/MS analysis [31]. Briefly,

5 lL of 1 mg/mL of P. mirifica extract was injected into a

Micromass Waters UPLC-TQD system. A Waters C18

UPLC column (2 9 50 mm) with 1.7-lm particles was

used. The flow rate was set to 0.25 mL/min. Seven phy-

toestrogen components in the sample were identified and

quantified by comparison of their retention time and peak

areas with reference to known standards and concentra-

tions, respectively, resolved under the same conditions.

The concentrations of miroestrol, deoxymiroestrol, puer-

arin, daidzin, genistin, daidzein, and genistein were 0.25,

0.008, 23.7, 2.9, 0.9, 1.3, and 0.5 mg/100 g of the

P. mirifica extract, respectively.

Puerarin dry powder (99 % purity; R&D system, MN,

USA) was diluted with small amounts of absolute ethanol,

mixed with olive oil (Fluka, MO, USA), and the concen-

tration was adjusted to 7 mg/0.2 mL. The ethanol was

evaporated overnight, and the solution was kept at room

temperature in a dark bottle.

BMD measurement

BMDs were measured by peripheral quantitative computed

tomography (pQCT) in the research M mode (XCT

Research SA?, Stratec Medizintechnik GmbH, Germany)

and analyzed by XCT-6.20 software (Stratec Medizin-

technik GmbH, Germany) according to the method of

Urasopon et al. [15, 16].

Bone histomorphometry

Since only a significant difference of the BMDs compared

to the PM0 group could be detected in the PM50 group, the

bones of PM0 and PM50 were selected for bone histo-

morphometry analysis. Tibiae were cleaned of adhering

muscles and connective tissue, cut at the mid-diaphysial

position, and cleaned up to the bone marrow. The proximal

tibia was dehydrated, embedded in methyl methacrylate

resin, cut longitudinally at a thickness of 7 lm, mounted

onto a slide, and stained with Goldner’s trichrome reagent

according to the method of Seriwatanachai et al. [30].

Slices subjected to bone histomorphometry were assessed

under a light/fluorescent microscope (model BX51TRF;

Olympus, Tokyo, Japan) using the computer-assisted

Osteomeasure system (Osteomeric, Atlanta, GA). The

region of interest was at 1–2 mm distal to the epiphyseal

plate in the trabecular region of the proximal tibia meta-

physis (secondary spongiosa). One slide was randomly

selected from each animal, and the data from 5–6 animals

in each group were pooled for statistical analysis.

Statistical parameters consisting of trabecular bone volume

normalized by tissue volume (BV/TV, %), trabecular

thickness (Tb.Th, lm), trabecular separation (Tb.Sp, lm),

trabecular number (Tb.N, mm-1), osteoblast surface nor-

malized by bone surface (Ob.S/BS, %), and osteoclast

surface (Oc.S/BS, %) were measured.

Statistical analysis

Results are reported as mean ± SE. The significant dif-

ferences of BMD at each time point in the same individual

and between groups and body mass, uterus and vagina

weights between groups were examined by one-way

ANOVA followed by a multiple comparison test with

Turkey post hoc test. The significant differences of bone

histomorphometry between PM0 and PM50 groups were

examined by T test. The level of significant differences was

accepted at p\ 0.05. Statistical Packages for Social Sci-

ence version SPSS/PC 16.0 (IL, USA) was used.

Results

Body, uterus, and vagina weights

Body, uterus, and vagina weights in all groups of P. miri-

fica (PM5, PM25, and PM50 group) and puerarin (PU

group) treated rats were not significantly different when

compared with the PM0 group (Table 1). Although the

uterus and vagina weights of the PM50 group were mar-

ginally higher than in the PM0 group, the differences did

not reach statistical significance (p = 0.149 for uterus

weight and p = 0.197 for vagina weight). This indicates

that the estrogenic activity of P. mirifica and puerarin at all

selected dose ranges and treatment for 12 weeks was not be

able to stimulate the aforementioned reproductive organs.

Ovariectomy-induced bone loss

To find out when the ovariectomy-induced estrogen defi-

ciency could induce significant bone loss, the BMDs in the

PM0 group were followed up every 2 weeks. There was no

significant decrease in total BMDs of tibia diaphysis

throughout the 16-week experiment, whereas it was sig-

nificantly lowered at the 2nd week for tibia metaphysis and

at the 6th week for L4 compared with the 0 week (Fig. 1a–

c). Since the tibia metaphysis and L4 consisted of both

cortical and trabecular bone, each bone compartment was

separately analyzed. Similarly to that of tibia diaphysis,

which contains mainly the cortical bone, cortical BMDs of

tibia metaphysis and L4 were not significantly different

throughout the 16-week experiment (Fig. 1d, e). However,

the trabecular BMDs were evident and continuously
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decreased throughout the 16-week study period (Fig. 1f, g).

Thus, P. mirifica and puerarin treatments were initiated at

the 4th week of the study period, and only the total and

trabecular BMDs were analyzed afterward.

P. mirifica and puerarin treatments and anti-

osteoporotic effects

After treatments of 5, 25, and 50 mg/kg BW/day of P.

mirifica and 7 mg/kg BW/day of puerarin for 12 weeks, the

total and trabecular BMDs of tibia metaphysis and L4 were

gradually and continuously decreased in the same pattern

as those of the PM0 group (Fig. 2). Only the trabecular

BMDs of tibia metaphysis (at the 12th, 14th, and 16th week

or after 8, 10, and 12 weeks of treatment) and L4 (at the

16th week or after 12 weeks of treatment), and total BMDs

of L4 (at the 16th week) were significantly higher than

those of the PM0 group (p\ 0.05). After that the BMDs of

the PM50 group were compared between the 16th week

(the end of the study period) and those of the 4th week (the

treatment onset) and 0 week (the initiation of the

ovariectomy). The BMD values of tibia metaphysis and L4

Fig. 1 Effects of estrogen deficiency on total BMDs (a–c), cortical BMDs (d, e), and trabecular BMDs (f, g) of tibia diaphysis, tibia metaphysis,

and 4th lumbar vertebra (L4) in female rats after 16 weeks of ovariectomy (n = 6). *p\ 0.05 and **p\ 0.001 compared to the 0 week

Table 1 Body weights and

weights of the uterus and vagina

of the ovariectomized rats

treated with 0, 5, 25, 50 mg/kg

BW/day of Pueraria mirifica

suspension (PM0, PM5, PM25,

and PM50, respectively) and

7 mg/kg BW/day of puerarin

(PU) for 12 weeks

Treatment group Body weight (g) Uterus weight (g) Vagina weight (g)

PM0 337 ± 4.79 0.153 ± 0.011 0.137 ± 0.018

PM5 333 ± 5.46 0.215 ± 0.034 0.161 ± 0.014

PM25 330 ± 11.76 0.214 ± 0.042 0.156 ± 0.006

PM50 329 ± 4.85 0.256 ± 0.022 0.181 ± 0.015

PU 327 ± 7.97 0.173 ± 0.023 0.150 ± 0.013

Data are shown as the mean ± SE (n = 6–8)
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of the PM50 group at the 16th week of the study period

were kept significantly lower than those of the 0 week

(p\ 0.01 for tibia metaphysis and p\ 0.05 for L4,

respectively), and it was also significantly lower than that

of the 4th week for tibia metaphysis (p\ 0.05).

To clearly depict the significant differences among five

groups of treatments, only the total and trabecular BMDs of

tibia metaphysis and L4 at the 16th week of the experiment

were taken and redrawn in the graph. PM50 ameliorated

the decreased total and trabecular BMDs of L4 as well as

trabecular BMD of the tibia, whereas PM5 could abate only

the decreased trabecular BMD of the tibia compared with

those of the PM0 group (Fig. 3).

Bone histomorphometry

Histological sections depicted that the epiphyseal plate and

metaphyseal region were filled with trabecular bones and

intertrabecular spaces (Fig. 4). Sixteen weeks after

ovariectomy, PM0 rats had sparse and thinner trabeculae,

which led to greater intertrabecular spaces (Fig. 4a). In

agreement with the higher total and trabecular BMDs of

tibia metaphysis, the trabeculae of the proximal tibia

metaphysis were thicker, and the intertrabecular spaces

were narrower in the PM50 rats (Fig. 4b).

The trabecular bone area (BV/TV, %), trabecular num-

ber (Tb.N, mm-1), and osteoblast surface (Ob.S/BS, %)

were significantly higher (p \ 0.05), and trabecular space

(Tb.Sp, lm) was significantly lower (p \ 0.05) in the

PM50 group, as compared with those of the PM0 group.

Trabecular bone thickness and osteoclast surface did not

differ significantly between the two groups (Fig. 5).

Discussion

Compared to previous reports on uterus weight of sham

control rats (0.459 ± 0.030 g [32]), this study confirms that

ovariectomy could induce an estrogen-deficient stage in the

PM0 rats (0.153 ± 0.011 g for uterus weight). Ovariec-

tomy-induced estrogen-deficient rats are a good model for

osteoporotic research and can be used as representative of

postmenopausal women [33]. The significant bone loss

could be seen as early as 2–6 weeks after ovariectomy as

Fig. 2 Total BMDs and

trabecular BMDs of tibia

metaphysis (a, b) and L4 (c,
d) of the ovariectomized rats

treated with 0, 5, 25, 50 mg/kg

BW/day of Pueraria mirifica

(PM0, PM5, PM25, and PM50,

respectively) and 7 mg/kg

BW/day of puerarin (PU). The

gray area indicates the duration

of 12-week treatment (at the

4th–16th week). *p\ 0.05

compared to the PM0 group.

�p\ 0.05 and ��p\ 0.001

compared to the 0 week.

# p\ 0.05 compared to the 4th

week
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regards the total and trabecular BMDs. As reported previ-

ously, P. mirifica contained at least 17 phytoestrogens, and

their estrogenic activities were tested mainly on the repro-

ductive organs [13, 14, 29, 34, 35]; however, 5–50 mg/kg

BW/day of P. mirifica used in this study did not affect the

uterus and vaginal weight after 12 weeks of treatment in

comparison with those of the PM0 rats. Still, the P. mirifica

at doses of 25 and 50 mg/kg BW/day used in this study fell

Fig. 3 Total BMDs and

trabecular BMDs of tibia

metaphysis (a, b) and L4 (c,
d) at 16th week of the study

period in ovariectomized rats

treated with 0, 5, 25, 50 mg/kg

BW/day of Pueraria mirifica

(PM0, PM5, PM25, and PM50,

respectively) and 7 mg/kg

BW/day of puerarin (PU).

*p\ 0.05 and **p\ 0.001

compared to the PM0 group.

The numbers in parentheses

indicate the number of rats used

in each group

Fig. 4 Representative micrographs of proximal tibia metaphysis at

the 16th week of the study period in the ovariectomized rats treated

with 0 (a) and 50 (b) mg/kg BW/day of Pueraria mirifica. Tissue

sections were processed using Goldner’s trichrome staining.

EP epiphyseal plate. The metaphyseal trabecular (arrow) in the

treated PM50 rat was markedly thicker and less spaced than for the

PM0 treated rat. Scale bars 500 lm
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into the dose ranges of 10–100 mg/kg BW/day, which could

prevent bone loss in ovariectomized and orchidectomized

rats [15, 16]. In line with this rat study, Udomsuk et al. [36]

subcutaneously injected ovariectomized mice with 2.5 and

25 mg/kg BW/day for 60 days and found that P. mirifica

downregulated the expression of receptor activator of

nuclear factor kappa B ligand (RANKL; an osteoclast dif-

ferentiation stimulating factor) mRNA levels and elevated

the expression of osteoprotegerin (OPG; a decoy protein for

RANKL) mRNAs.

In a previous study of the preventive effects of P. mirifica

in ovariectomized rats [15, 16], the trabecular BMDs of tibia

and L4 in 10 mg/kg BW/day of P. mirifica treated rats,

although significantly higher than the ovariectomized (PM0)

control rats, were kept lower than the sham control rats.

However, the trabecular BMDs of tibia and L4 in the

100 mg/kg BW/day of P. mirifica treated rats were com-

parable with those of the sham control rats. Similarly to the

preventive effects, only the trabecular tibia and total and

trabecular L4 BMDs of the PM50 rats were significantly

higher than those of the PM0 rats at the 16th week. Com-

paring the BMD values between the 16th week with the 4th

week (the initiation of P. mirifica treatment) and 0 week

(the initiation of estrogen deficient state) in the PM50 group,

the BMD levels were still significantly lower than those of

the 4th week (for trabecular tibia metaphysis BMD;

p\ 0.05) and 0 week [for trabecular tibia metaphysis

(p\ 0.01) and trabecular L4 BMDs (p\ 0.05)]. This

indicates that PM50 could retain, but not increase, bone

mass at the point of the initiation of estrogen deficiency.

There are two possible hypotheses to explain this phe-

nomenon. One indicates that P. mirifica can slow bone loss

but cannot stimulate bone formation. This might imply that

P. mirifica does not show any anabolic effect on bone.

Another is that P. mirifica could enhance both bone for-

mation and resorption. This was suggested by histomor-

phometry analysis (Fig. 5) in which the osteoblast and

osteoclast surfaces in the PM50 group were higher (signif-

icantly different for the osteoblast surface and marginally

higher, but not significant, for the osteoclast surface) than

the PM0 group. It is noted that both osteoblast and osteoclast

surfaces were increased in estrogen-deficient rats [30].

Therefore, in the present study, PM50 increased osteoblast

surface and had a tendency to increase osteoclast surface

over the pre-existing elevated baseline, leading to increased

bone volume and trabecular number as well as decreased

trabecular separation. It was previously reported that

P. mirifica stimulated osteoblast and suppressed osteoclast

function in cell cultures [17, 18]. Indeed, osteoblast and

osteoclast expressed estrogen receptors [17, 18, 37] and can

respond to either estrogen or phytoestrogens. Thus, the latter

hypothesis has higher possibility. However, the underlying

mechanism of actions of P. mirifica on osteoblast and

osteoclast cells needs to be investigated further.

Fig. 5 Bone volume (BV/TV),

trabecular thickness (Tb.Th),

trabecular separation (Tb.Sp),

trabecular number (Tb.N),

osteoblast surface normalized

by bone surface (Ob.S/BS), and

osteoclast surface (Oc.S/BS) at

the 16th week of the study

period in the ovariectomized

rats treated with 0 and 50 mg/kg

BW/day of Pueraria mirifica

(PM0, and PM50, respectively).

* p\ 0.05 compared to PM0

group. The numbers in

parentheses indicate the number

of rats used in each group
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Although many studies of the effects of P. mirifica on

bone loss were found, they have focused mainly on cell

lines [17, 18]. The research in laboratory animals (mice and

rats) and humans conducted have been done solely on the

preventive effects of the plant on bone loss. As osteo-

porosis is an asymptomatic disease, the therapeutic effects

of P. mirifica should be acknowledged. This study con-

firms that P. mirifica (only high dose of 50 mg/kgBW/day)

could ameliorate bone loss in ovariectomy-induced osteo-

porotic rats, especially at the trabecular bone of both axial

(L4) and appendicular (tibia) bone. Bone histology and

histomorphometry corroborated the measured BMD values.

Interestingly, this study did not find any differences of

BMDs and bone histomorphometry of the PU treated rats

when compared to the control (PM0) group. It might be

that in this study the dose of puerarin is too low to exert an

effect on bone, or the route of administration is not suit-

able for this study. In fact, it was reported that puerarin at

doses of 40 and 60 mg/kg BW/day intraperitoneally

injected into ovariectomized mice for 12 weeks could

ablate bone loss [38]. Puerarin at a dose of 5 mg/kg

BW/day fed to ovariectomized mice for 2 months restored

the structure of the femur and decreased the level of serum

tartrate-resistant acid phosphatasee (TRAP), a bone

resorption marker [39].

This study indicates that P. mirifica could be used as

an anti-osteoporotic agent for postmenopausal women,

but the administration should be initiated as early as

possible such as at the premenopausal period. In addi-

tion, the low doses of P. mirifica, which are safe and do

not demonstrate any estrogen-like effect on reproductive

organs, can demonstrate the effects on bone. This was

confirmed by a previous study in postmenopausal women

demonstrating that P. mirifica at dosages of 20, 30, and

50 mg/day for a 24-week period had no effects on

endometrial proliferation, breast tissue, hematology, and

hepatic and renal organs, but it showed antiresorptive

activity on bone [40]. Because P. mirifica could mainly

retain bone mass at levels before bone loss is initiated,

the use of this natural product for osteoporotic patients

would be more effective if it is used in combination with

other anabolic agents.
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