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Osteoporosis is a common disease with features of
gradual loss of mineral content and bone mass.

Pathologic fracture may occur in the vertebrae, femur,
radius, and even mandible. Bone loss during the early
stages of oestrogen deficiency is clearly associated with

increased bone turnover. Oestrogen treatment has a
bone-protective effect associated with decreasing bone
turnover in ovariectomised (OV) rats. Bisphosphonate
compounds and oestrogen both depress bone turnover
with a similar mechanism. Mandible bone loss, similar
to whole body bone loss, is closely related to the lack of
oestrogen in menopausal women. Some studies have
shown that in menopausal women, the rate of denture re-
newal in patients with osteoporosis is higher than for
those without osteoporosis because of the absorption of
the alveolar bone. Chinese herbal medicines have been
used in traditional Chinese medicine (TCM) for a long
time. They can have fewer side effects than the chemical
reagents. The purpose of the present study is to evaluate
the effects of a Chinese herbal medicine, Epimedium
grandiflorum Morr (EG) on the prevention and treat-
ment of bone loss of mandible in OV rats.
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Objective: To study the effect of Epimedium grandiflorum Morr (EG) on the prevention and
treatment of bone loss of the mandible and femur in ovariectomised rats.
Methods: A total of 114 adult female Sprague-Dawley (SD) rats were ovariectomised. The ef-
fects of EG and oestradiol (ES) on prevention and treatment of bone loss were evaluated. For
prevention, both drugs were given the day after ovariectomy. For treatment, the drugs were giv-
en 3 months after ovariectomy, when the animal model of osteoporosis was established. The
bone density was determined with a densitometer. Newly synthesised collagen was fluorescent-
ly labelled with procion red.
Results: Three months after ovariectomy, the bone densities of the rat femurs and mandibles
were markedly lower than those of the controls, indicating that osteoporosis was successfully
established. Administration of EG and ES equally prevented osteoporosis of mandible and fe-
mur of ovariectomised rats, and to some extent increased bone density of osteoporosis rats.
Conclusion: EG was effective in the prevention of osteoporosis of the mandibles and femurs.
EG was also somewhat effective in the treatment of osteoporosis of femurs. 
Key words: Chinese herbal medicine, Epimedium grandiflorum Morr, mandible bone loss, os-
teoporosis
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Materials and Methods

Female adult SD rats (90 days old) weighing an average
of 260 g were used in this study. The animal model of os-
teoporosis was produced by ovariectomy in 114 adult fe-
male SD rats. Ovariectomies were performed from a
dorsal approach under 3% sodium pentobarbital anaes-
thesia. The excised ovaries were confirmed histological-
ly. Preliminary experimentation showed that osteoporo-
sis was evident, as there was loss of bone mass 3 months
after ovariectomy. The experiment was divided into two
parts. Part I was designed to examine the effect of EG on
prevention of osteoporosis, and comprised four groups
of rats: Normal group (14 intact rats), OV group (14
ovariectomised rats), OV+ES group (17 ovariectomised
rats injected with oestradiol [Mingxing Pharmaceutical
Corp, P.R. China] 0.5 mg/kg body weight  everyday 
for 5 days a week for 3 months, with one week non-
administration of oestrodiol for every 3 weeks of admin-
istration), OV+EG group (17 ovariectomised rats were
injected with EG extract equal to 0.6 g raw herb/kg body
weight in the same procedure as OV+ES group). Part II
was designed to examine the treatment effect on osteo-
porosis, and also contained four groups of rats: Normal
group (14 intact rats), OV group (14 ovariectomised
rats), OV+ES group (26 OV rats received oestradiol for
3 months after ovariectomy), OV+EG group (26 OV rats
received EG for 3 months after ovariectomy).

All the rats were fed a normal diet of 25 g/day/rat. Ex-
posure to light was the same for all subjects. Animals
were weighed every week and sacrificed at the end of the
experiment by injection with an overdose of sodium pen-
tobarbital. 

Measurement of bone density

The radiograms of the femurs and mandibles were 
taken with soft X-ray (JIRA, Model ESM-2, Japan). To
avoid image errors and to achieve the same grey scale,
femurs or mandibles of the four groups were radio-
graphed on one X-ray film (Fuji, Japan) at 35 kV, 5 mA,
for 20 sec. The region of interest on the X-ray film was
measured using a densitometer (Sakura, PDA-81, Japan)
for radiographic density (transmitted density), with 
3 mm-diameter measuring pore.

The mean and standard deviation of the radiographic
density values in each group (Normal, OV, OV+ES and
OV+EG groups) were determined. One-way analysis of
variance (ANOVA) was used to test the differences be-
tween density values among the groups.

Fluorescent microscopy

Fluorescence labelling was performed by injection with
procion red at the dosage of 0.75 mg/kg body weight at
10 and 2 days before sacrifice. Procion red combined
with bone collagen and was used to examine osteogen-
esis activity of bone. The soft tissues of mandible and fe-
mur were removed immediately after sacrifice and bones
were fixed in 10% formalin. The fluorescence-labelled
specimens were sectioned without decalcification at
50–100 μm with Jung 1600 Saw Microtome (Leica, Ger-
many) and observed with a fluorescent microscope un-
der UV excitation.

Results

Bone density
The bone density of the femurs and mandibles was ex-
amined as radiographic density of the films. The radio-
graphic density was measured at the metaphysis of the
femurs and the angle of the mandible. The higher the ra-
diographic density measured by the densitometer, the
lower the bone density, according to the principal of the
densitometer. 

The radiographic densities of femurs in part I for the
Normal, OV, OV+EG and OV+ES groups were 0.817 ±
0.075, 1.025 ± 0.076, 0.678 ± 0.070 and 0.603 ± 0.055,
respectively. It was demonstrated that 3 months after
ovariectomy, the femur bone density of the OV group
was markedly lower than that of the Normal group,
showing that osteoporosis had occurred (p < 0.001). The
bone density of the OV group in femurs was also signif-
icantly lower than the OV+EG and OV+ES groups (p <
0.001). Interestingly, the bone densities of femurs in EG
group and ES group were higher than those of the Nor-
mal group, suggesting that EG not only prevented the oc-
currence of osteoporosis, but also increased the bone
density (p < 0.001). 

The radiographic densities of mandibles in part I for
Normal, OV, OV+EG and OV+ES groups were 2.708 ±
0.124, 3.158 ± 0.315, 2.775 ± 0.082, and 2.725 ± 0.175,
respectively. The bone densities of the OV group in the
mandible were significantly lower than those of the Nor-
mal group (p < 0.002), demonstrating the bone loss of
mandible when osteoporosis occurred. There was no dif-
ference among the Normal, OV+EG and OV+ES groups
in bone density (p > 0.05), which suggests that EG and
ES were effective in prevention of mandibular bone loss
in ovariectomised rats.

The radiographic densities of femurs in part II for
Normal, OV, OV+EG and OV+ES groups were 1.013 ±
0.152, 1.253 ± 0.137, 1.164 ± 0.160, and 1.148 ± 0.126,
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respectively. The bone densities of the femurs in the
Normal group were markedly higher than those of the
other groups (p < 0.001). The bone densities of the
OV+EG group were not significantly different from the
OV+ES group (p > 0.05). However, the bone densities
of the OV+EG group and the OV+ES group were high-
er than those of the OV group (p < 0.05), suggesting that
to some extent EG had similar effect to oestradiol on the
treatment of osteoporosis.

Fluorescence labelling

The femur head was sectioned in 100 μm-thick sections.
The procion red combined with newly synthesised bone

collagen was a bright yellow colour under UV excita-
tion, demonstrating that some bone collagen synthesis
occurred in the upper part of the femur head, bone mar-
row cavities and the epiphysis plate in the Normal group
(Fig 1). The fluorescence intensity in the femur heads of
the OV+EG group was much stronger than that of the
Normal group, both in quality and quantity (Fig 2),
demonstrating that there was more active bone collagen
synthesis during EG administration. In the OV group,
the fluorescence intensity was lower in bone marrow
cavities and absent in the epiphysis and cartilage in the
upper part of the femur head  compared with the other
groups, demonstrating that collagen synthesis was inac-
tive in those areas (Fig 3). 

Fig 1 Femur head of Normal group in experimental part I,
labelled with fluorescence, showed newly synthesised bone
collagen with a bright yellow colour (arrows).

Fig 2 Femur head of OV+EG group in experimental part I,
labelled with fluorescence, showing stronger fluorescent
intensity (arrows) than the Normal group both in quality and
quantity, demonstrating active bone collagen synthesis dur-
ing EG administration. 

Fig 3 Femur head of OV group in experimental part I,
labelled with fluorescence, showing that the collagen synthe-
sis was  less active in bone marrow cavities and absent in the
epiphysis and cartilage on the surface of femur head
(arrows).
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Discussion

The mechanism of Epimedium in prevention and treat-
ment of osteoporosis is not clear. Liu et al1 have shown
that Epimedium extract can increase proliferation of the
bone marrow. It may promote osteoblast proliferation
and protein synthesis2. Epimedium contains some trace
elements, such as Mn, Zn etc., and the amount of Mn in
Epimedium is the highest among the studied Chinese
herbs3. Experimental study has found that high concen-
trations of Mn can promote osteogenesis in cultured
bone tissue4. Studies have revealed that Mn participates
directly in Ca-P metabolism and that when serum con-
centration of Mn is raised, the serum calcium concentra-
tion decreases and calcium deposits in bone. Through
endocrine and protein synthesis regulation, Mn and Zn
may promote bone growth and fracture healing. Studies
of the effect of Epimedium on the circulation system
have shown that it can expand peripheral blood vessels
to lower the resistance and improve microcirculation5.
The above observations may partially explain the effects
of Epimedium on prevention and treatment of osteoporo-
sis in the present study. However, the accurate mecha-
nism still needs further study.

The animal model of osteoporosis is usually used for
the initial preclinical evaluation of new therapies de-
signed to prevent postmenopausal bone loss6. The pres-
ent study shows that osteoporosis could also cause
mandible bone loss 3 months after ovariectomy.

In women, oestrogens are important for establishment
of peak bone mass, for its maintenance, and for therapy
of osteoporosis7. Oestrogen deficiency has been identi-
fied as the major risk for osteoporosis in women of all
ages. It is generally agreed that therapy with oestrogen re-
duces bone turnover and increases bone mineral density.
A recent meta-analysis of 37 prospective, randomised tri-
als clearly demonstrated that oestrogen replacement ther-
apy used for prevention of postmenopausal osteoporosis
had a positive impact on bone mineral density or content.
The main drug given was oestradiol, at a dose of 2 mg8.
It was used in the present study for both prevention and
treatment of rat osteoporosis. However, its possible neg-
ative impact on the induction of breast, uterine, or ovari-
an cancer remains controversial and limits its use9-11.
Several studies showed that exposure to oestrogen alone
substantially elevated the risk of endometrial cancer, and
use of hormone replacement therapy might increase the
risk of lobular, but not ductal, breast carcinoma in 
middle- aged women12,13. Currently available agents do
not completely prevent or cure osteoporosis14-16. We
therefore shift our attention to the Chinese herbs.

Epimedium is a family of several plants with the same
pharmacological effect. The family consists mainly of

Epimedium grandiflorum Morr, Epimedium brevicor-
num Maxim, and Epimedium sagittatum17. Studies have
shown that the extract has the same effects as the whole
herb18. The present study has also shown that extract of
Epimedium has a significant effect on the prevention of
osteoporosis in ovariectomised rats, but less effect on the
treatment of osteoporosis.
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