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This study was carried out to investigate the effects of the Achyrantes 
japonica (A. japonica) extract on serum level of hormones from osteo-
porosis induced ovariectomized rats. Two month-old rats were ovariec-
tomized (OVX), remained untreated for 8 weeks, and were subsequently 
administered A. japonica (300 mg/kg) every day for 8 weeks. We exam-
ined the effects of treated A. japonica every 10 days on ovariectomy-re-
lated changes in Insulin-like Growth Factors (IGF), Insulin-like Growth 
Factor binding protein-3 (IGBF-3), Estrogen, Calcium, and Phosporus. 
After 8 weeks, the serum levels of IGF-I, -II, and IGFBP-3 were higher 
presented as compared to the other two groups (P< 0.05), in the A. ja-
ponica extract treatment on OVX rats. Bone alkaline phosphatase levels 

were increased through A. japonica extract treatment in OVX rats com-
pared to the other two groups. There were no differences between OVX 
and A. japonica extract treated OVX rats in serum levels of estrogen, 
but estrogen levels for the sham group were higher than for the other 
two groups. A. japonica extract is increased to serum levels of IGFs and 
IGFBP-3 of osteoporosis induced by ovariectomized rats. Thus, the re-
sults reveal that the A. japonica extract is a possible role for improve-
ment of osteoporosis induced-ovariectomized rats and has a great po-
tential as an alternative tool for the treatment of osteoporosis.
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INTRODUCTION

Osteoporosis is a silent, slowly progressive systemic skeletal dis-
ease (Epstein, 2006) and microarchitectural deterioration of bone 
tissue leading to increased bone fragility, and fractures (Christian-
sen, 1993). Postmenopausal women with osteoporosis occur estro-
gen deficiency. After menopause, the normal balance between bone 
formation and resorption is disrupted : osteoclasts (giant multi-nu-
cleated cells) become more active, decreasing bone mass and increas-
ing the chance of fracture. It is now known that postmenopausal 
osteoporosis should be regarded as a product of inflammatory dis-
ease triggered by estrogen deficiency (Chung et al., 2006).

Recently, therapy for osteoporosis is aimed at the prevention of 
further bone loss, primarily by inhibiting bone resorption. Particu-

larly, insulin-like growth factors (IGF) and their binding proteins 
(IGFBP), which could modulate IGF’s actions, might play essential 
roles in bone formation (Nilsson et al., 1994; Rosen et al., 1994). In 
serum, most IGF-1 (70-80%) forms a 150-kD complex by bind-
ing with IGFBP-3. The serum IGFBP-3 level is considered to pos-
itively regulated by GH and/or IGF-I, (Rosen and Pollak, 1999; 
Stewart and Rotwein, 1996). IGFBP-3 acts as a regulator of 
growth-dependent IGF-1 signaling through the enhancement of 
IGF-1 stability in serum (Binoux and Hossenlopp, 1988). A major 
part of bound IGF-I is connected to IGFBP-3 (Baxter, 1993). Low 
estrogen concentrations are known to increase the secretion of sub-
sequent IGF-1 synthesis during early puberty. Estrogens initiate 
the pubertal growth spurt and stimulate skeletal growth. Hence, 
sex steroid-related changes in GH and IGF-1 secretion may impact 
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on bone size and cross-sectional area (Juul, 2001).
A. japonica also known as Japanese Chaff Flower is a perennial 

member of the Achyranthes genus in the Amaranthaceae family. It 
can be discovered on the roadside and its main distribution to Ko-
rea and Japan (Jung et al, 2007). The constituents of A. japonica are 
ecdysterone, inokosterone, and oleanolic acid (Bang et al., 2012; 
Kim et al., 2008). Physiological effects of A. japonica were the con-
trol of blood circulation, the removal of extravasated blood, and the 
softening of joint actions in humans and experimental animals 
(Marcone et al., 2003). A. japonica has been used in traditional 
medicine for the treatment of edema, arthritis and delayed menses. 
Currently, the primary therapeutic agents that stimulate bone for-
mation (e.g., the growth factors, hormones, or fluoride compounds) 
and suppress bone resorption (e.g., bisphosphonates) can decrease 
the frequency of fracture. The ideal drug for osteoporosis preven-
tion and treatment should increase the activity of osteoblasts and 
suppress the activity of osteoclasts. 

Thus, this study was performed to study the serum levels of 
IGFs, IGFBP-3, TALP, BALP, estrogen and histomorphology in 
osteoporosis induced-ovariectomized rats. Ovariectomy (OVX) in 
the rat results in bone loss and micro- architecture deterioration 
(Ammann et al., 1996) and is the most commonly used animal 
model of post-menopausal osteoporosis (Turner et al., 2001).

MATERIALS AND METHODS

Experimental animals
The Sprague-Dawley rats were purchased from the Jungang Lab 

Animal Co. (Seoul, Korea). A total of 60 female rats, 3-month-old, 
weighing 190-210 g were randomly assigned into 3 groups (20 
animals/group). (i) sham, (ii) OVX control, (iii) 17 β-estradiol, (iv) 
A. japonica. Except 17 β-estradiol, which was administered once 
daily i.p. for 8 weeks, each treatment sample was administered 
twice daily p.o. at a dose of 300 mg/kg for 8 weeks. The animals 
were housed in stainless steel cages having wire mesh bottom (4 
animals per cage) in a light-controlled (12:12 h light-dark cycle) 
room with a constant temperature (25°C). All the rats had free ac-
cess to food and water. The animals in group I were sham operated. 
To induce menopause in rats, ovariectomies were performed in 
group I and group II. Ovariectomies were done under ketamine 
HCl (100 mg/kg) and xylazine (3 mg/kg) anesthesia. During eight 
weeks, the animals of group I and II received solvent vehicle daily, 
whereas those of group III were administered A. japonica orally (300 
mg/kg) daily for eight weeks. Body weight was determined week-
ly. The uterus was carefully dissected with the cervix attached, ex-

cised, trimmed free of fat, transferred to a Petri dish on a moistened 
filter paper and covered with a lid. The uterus was then weighed 
immediately.

Collection of blood and tissue samples
Serum was isolated from the blood samples by centrifugation at 

3,000×g and 4°C for 5 min and stored at -70°C for biochemical 
measurements. The tibia were dissected out and fixed in 4% para-
formaldehyde in phosphate-buffered saline, followed by decalcifica-
tion in 50 mM EDTA and dehydration by immersion in 30% su-
crose. The bone samples were sectioned longitudinally at a thickness 
of 20 µm, using a freezing microtome (Leica, Nussloch, Germany). 
The sections were stored in 0.1 M phosphate buffer at 4°C.

Measurement of IGF-1 and IGFBP-3 levels in growth plates
To detect IGF-1 and IGFBP-3 expressions in the growth plate, 

the dehydrated tibia sections were permeabilized in 1% Triton 
X-100 and incubated with rabbit IGF-1 antibody and rabbit IG-
FBP-3 antibody (diluted 1:200; Santa Cruz Biotechnology, CA, 
USA) at room temperature overnight. Then, the sections were in-
cubated with anti-rabbit antibody (diluted 1:200; Jackson Immu-
noResearch Laboratories, West Grove, PA, USA) for 1 h and 
stained with 0.05% 3,3-diaminobenzidine. Finally, the sections 
were washed with 0.1 M phosphate-buffered saline and mounted 
onto gelatinized glass slides.

Measurement of serum IGF-1 and IGFBP-3 levels
For the quantitative analysis of the serum IGF-I and IGFBP-3 

levels, free IGF-1 and IGFBP-3 enzyme-linked immunosorbent 
assay (ELISA) kits were used according to the manufacturer’s pro-
tocols (R&D Systems, Minneapolis, MN, USA).

IGFBP-3, estrogen, Ca++ and P assay
IGFBP-3 and estrogen were assayed using an immunoradiomet-

ric assay kit (Diagnostic Systems Laboratories, Webster, TX, USA). 
The Ca++ and P assays used kits (Embiel Co, Gunpo, Korea).

Measurement of femur/body weight
Body and femur weight was measured every 10 days after A. ja-

ponica treatment in osteoporosis induced-ovariectomized rats using 
chemical balance (Ohaus, Parsippany, NJ, USA). 

Statistical analysis
All the data were presented as mean ±  SD. The effects of the dif-

ferent treatments were compared by Student’s t-test and were con-
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sidered significant for values of P<0.05. Post hoc analysis was car-
ried out using Duncan’s multiple-range test.

RESULT

Animal model
Body weight is shown in Fig. 1. Ovariectomy increased the body 

weight (Sham: 259.0±5.22; ovariectomized: 312.86±10.27; 17-β 
estradiol treated: 261.86±9.71 (P<0.001): A. japonica treated: 
297.86±5.08). There were no differences in body weights between 
sham, OVX and A. japonica- treated until the end of the study, 

OVX higher weights than the other groups (P<0.05). Body 
weight of OVX rats increased about 20.5%, after 8 weeks surgery.

Effect of ovariectomy and A. japonica on serum IGF-I levels
Changes in serum level of IGF-1 A. japonica treatment in osteo-

porosis induced-OVX rat groups over time are shown in Fig. 2. 
On 8 weeks after ovariectomy, serum level of IGF-1 was signifi-
cantly higher in the A. japonica treated OVX group than in the 
OVX and sham groups (P<0.01) whereas slight changes were be-
tween the sham and OVX groups.  

Effect of ovariectomy and A. japonica on serum IGF-II levels
Serum level of IGF-II after A. japonica treatment in osteoporosis 
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Fig. 1. Changes of body weight on OVX and A. japonica treatment. Values are 
mean ±  SEM. The number of animals is 7/group. P-values denote significant 
difference from the OVX group and 17-β estradiol treated group (P< 0.001). 
Sham: Normal and saline treated group, OVX: ovariectomized and saline treat-
ed group, OVX+A. japonica: ovariectomized and A. japonicatreated group, 
OVX+17-β estradiol: ovariectomized and 17-β estradiol treated group.
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Fig. 2. Effects of OVX and A. japonica on serum IGF-I levels determined (300 
mg/kg). Values are mean± SEM. The number of animals is 7/group. P-values 
denote significant difference from the OVX group and A. japonica treated 
group (P< 0.01). Sham: Normal and saline treated group OVX: ovariectomized 
and saline treated group OVX+A. japonica: ovariectomized and A. japonica 
treated group.
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Fig. 4. Effects of OVX and A. japonica on serum IGBPF-III levels determined (300 
mg/kg). Values are mean± SEM. The number of animals is 7/group. P-values 
denote significant difference from the OVX group and A. japonica treated group 
(P< 0.05) Sham: Normal and saline treated group, OVX: ovariectomized and sa-
line treated group, OVX+A. japonica: ovariectomized and A. japonica treated 
group

Se
ru

m
 IG

FB
P-

III
 (n

g/
m

L)

250

200

150

100

50

0
Sham OVX OVX+A. japonica

*

Fig. 3. Effects of OVX and A. japonica on serum IGF-II levels determined (300 
mg/kg). Values are mean± SEM. The number of animals is 7/group. P-values 
denote significant difference from the OVX group and A. japonica treated 
group (P< 0.05). Sham: Normal and saline treated group, OVX: ovariectomized 
and saline treated group, OVX+A. japonica: ovariectomized and A. japonic 
treated group.
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induced-OVX rat groups was shown in Fig. 3. On 8 weeks after 
ovariectomy, serum level of IGF-II on the A. japonica treated OVX 
group significantly increased compared with the sham group 
(P<0.05), but there was slight difference between the sham and 
OVX groups.

Effect of ovariectomy and A. japonica on serum IGFBP-3 
and estrogen levels

IGFBP-3 levels after A. japonica treatment in osteoporosis in-
duced OVX rat groups are shown in Fig. 4. At 30 days, IGFBP-3 
levels in the sham group significantly decreased and A. japonica 
treatment group increased compared with the OVX group 
(P<0.05). Changes in estrogen levels of each group are shown in 
Fig. 5. On 8 weeks after ovariectomy, serum estrogen levels of each 
group was not difference as a consequence of OVX or the A. japon-

ica treated group, but there were differences between sham and 
other groups.

Effect of ovariectomy and A. japonica on serum Ca++ and P 
levels

Changes in serum level of Ca++ and P after A. japonica treated 
group over time are shown in Fig. 6 and Fig. 7. The serum levels 
of Ca++ and P in all groups were not different in all days.

Femur/body weight after A. japonica treatment in 
osteoporosis induced OVX rats.

There was not statistically significant difference in femur/body 
weight among the three groups in all days (Fig. 8).
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Fig. 5. Effects of OVX and A. japonica on serum estrogen levels determined 
(300 mg/kg). Values are mean ± SEM. The number of animals is 7/group. 
Sham: Normal and saline treated group, OVX: ovariectomized and saline treat-
ed group, OVX+A. japonica: ovariectomized and A. japonica treated group.
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Fig. 6. Effects of OVX and A. japonica on serum Ca2+ levels determined (300 
mg/kg). Values are mean± SEM. The number of animals is 7/group. Sham: 
Normal and saline treated group, OVX: ovariectomized and saline treated 
group, OVX+A. japonica: ovariectomized and A. japonica treated group.
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Fig. 7. Effects of OVX and A. japonica on serum estrogen levels determined 
(300 mg/kg). Values are mean ± SEM. The number of animals is 7/group. 
Sham: Normal and saline treated group, OVX: ovariectomized and saline treat-
ed group, OVX+A. japonica: ovariectomized and A. japonica treated group.
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Fig. 8. Effects of OVX and A. japonica on F/B weight ratio levels determined 
(300 mg/kg). Values are mean ±  SEM. The number of animals is 7/group. 
Sham: Normal and saline treated group, OVX: ovariectomized and saline treat-
ed group, OVX+A. japonica: ovariectomized and A. japonica treated group.
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DISCUSSION

This study showed that the A. japonica enlargements IGF/IG-
FBP on osteoporosis induced-ovariectomy rats. Circulating levels 
of IGF-I, -II is low in men and women with osteoporosis (Frystyk 
et al., 1994). Circulating level of IGF-I and IGFBP-3 were also 
low in males and females with oseoporosis due to decreasing of 
bone formation or increasing of bone reabsorption (Nasu et al., 
1997). In serum IGF-II levels in A. japonica treated OVX rats in-
creased in 8 weeks just as osteoblast differentiation and activity aid. 
IGF-II appears to be due to stimulatory effect of A. japonica on os-
teoblast and osteoclast bone formation in this study. Longitudinal 
bone growth is concern with the expression of various growth hor-
mones (GH). GH induces the IGF-1 expression in the liver, and 
circulating IGF-1 in serum stimulates skeletal growth (Yakar et 
al., 2002) and affects the expression of IGF-I in the bone (Roith et 
al., 2001). IGF-I induces cell proliferation via the action in the 
granulose cells of the ovary and the Leydig cells of the testis and 
increases the synthesis of the female hormones estradiol and pro-
gesterone and the male hormone testosterone, under the control of 
gonadotropic hormone (Kim et al., 2003). Estrogen plays an im-
portant act in mineral homeostasis, ‘the deficiency of estrogen is 
recognized as a major factor in loss of bone minerals in postmeno-
pausal osteoporosis (Danielsen and Flyvbjerg, 1996). Circulating 
levels of IGF-I, -II were low in men and women with osteoporosis 
(Frystyk et al., 1994). Circulating level of I IGF-I and IGFBP-3 
were also low in males and females with oseoporosis due to decreas-
ing of bone formation or increasing of bone reabsorption (Nasu et 
al., 1997) and increasing serum IGF-I levels of ovariectomized rats 
have been decreased (Rosen et al., 1994). We studied the increase 
of IGF-I during A. japonica treated osteoporosis compared with the 
OVX group after ovariectomy. IGF-I induces early osteoblast gene 
expression in human mesenchymal stem cells (Koch et al., 2005) 
and increased bone remodeling in transgenic mice with osteoblast 
targeted insulin-like growth factor-I (Jiang et al., 2006). In this 
study, OVX dramatically increases body weights, while A. japonica 
treatment presents almost normal levels. Although the mecha-
nisms by which OVX induces an increase in body weight are not 
clear, estrogen deficiency induced body fat accumulation and sub-
sequently caused an increase in body weight (Dang et al., 2002). 

Therefore, this study indicates that effects of serum IGFs expres-
sion by treated A. japonica may be related to growth rate in OVX 
rats. In conclusion, A. japonica is able to prevent OVX-induced in 
bone loss, suggesting that A. japonica may be a reasonable natural 
alternative for the prevention of postmenopausal osteoporosis.
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