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Abstract: Objective: Intermittent hypoxia was introduced to mimic obstructive sleep apnea-hypopnea syndrome 
(OSAHS) in rats. Then, bone mass, bone strength and bone turnover were evaluated, and the influence of ge-
nistein on bone mass reduction was investigated in these rats. Methods: OSAHS animal model was established 
via chronic intermittent hypoxia, and genistein (2.5 mg/kg/day) was used to treat OSAHS rats. The bone mineral 
density (BMD), bone Histomorphometric indicators, bone biomechanics and expressions of genes related to bone 
formation and resorption (Runx2, Col I, ALP, Osteocalcin, OPG, RANKL and TRAP-5b) were measured after treat-
ment. Results: The BMD in OSAHS+OVX group was significantly lower than that in OVX group (P<0.05). The BMD in 
OSAHS+OVX+Genistein group was markedly increased when compared with OSAHS+OVX group (P<0.05), accom-
panied by partial improvement of the OSAHS induced damage to the lumbar biomechanics. In OSAHS+OVX group, 
the expressions of Runx2, Col I, ALP and Osteocalcin were significantly reduced when compared with OVX group, 
and rats in OSAHS+OVX+Genistein group had significantly higher expressions of Runx2, Col I, ALP and Osteocalcin 
and reduced TRAP-5b expression as compared to OSAHS+OVX group (P<0.05). Conclusions: Genistein can improve 
the reduction in bone mass and bone strength due to OSAHS in OVX rats, which may be attributed to the increase 
in bone formation and inhibition of bone resorption. Our findings suggest that genistein may be used to treat and 
prevent osteoporosis in postmenopausal women with OSAHS. 
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Introduction 

Sleep apnea syndrome is also known as 
obstructive sleep apnea hypopnea syndrome 
(OSAHS). OSAHS refers to pauses in breathing 
occurring 30 times or more within 7-h sleep or 
apnea hypopnea index (AHI) of ≥5 times/h, 
accompanied by clinical symptoms such as 
sleepiness. During the OSAHS, repeated hypox-
emia and hypercapnia may cause neurological 
dysfunction, disturbance of catecholamines, 
endothelin and renin - angiotensin system, 
endocrine dysfunction and changes in hemody-
namics, resulting in damage to multiple sys-
tems including cardiovascular system, nervous 
system, urinary system, mental system, hema-
tological system and endocrine system. 
Statistics reveal that the prevalence of OSAHS 
is about 5% in general population [1], and that 

in males is about 2 times of it in females [2]. It 
was reported that the incidence of OSHAS in 
postmenopausal women is significantly higher 
than that in premenopausal women [3-5]. An 
epidemiological study shows the incidence of 
OSAHS in postmenopausal women is at least 2 
times of that in premenopausal women [3]. 
These findings suggest that clinicians should 
concern the occurrence of OSAHS and the det-
rimental effect of OSAHS in post-menopausal 
women. 

OSAHS induced hypoxia and other pathological 
conditions (such as oxidative stress and meta-
bolic abnormality) may influence the normal 
bone metabolism. In males with OSAHS, the 
C-terminal peptide of type I collagen (a marker 
of bone resorption) increases significantly in 
the urine and may return to normal level after 
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continuous positive airway pressure for 3 
months, but the osteocalcin (OC) and alkaline 
phosphatase (ALP) (two markers of bone for-
mation) remain unchanged in the serum. This 
suggests that OSAHS patients present with 
increased bone resorption, but the bone forma-
tion is not influenced [6]. In postmenopausal 
women, the estrogen reduces and the osteo-
lytic ability increases, leading to increased 
prevalence of osteoporosis. Whether OSAHS 
further deteriorates abnormal bone remodeling 
in postmenopausal women is still poorly 
understood. 

Hormone replacement therapy (HRT) can 
improve the bone loss and prevent osteoporo-
sis in postmenopausal women [7]. However, 
HRT still has risks for side effects [8]. Thus, 
more and more investigators pay attention to 
the Traditional Chinese Medicine with few side 
effects, such as phytoestrogens (genistein, epi-
medium, etc.). Genistein is derived from beans 
and has been confirmed to possess anti-oxida-
tive, anti-proliferation, estrogen-like and immu-
noregulatory activities [9, 10]. A lot of (Several) 
studies have confirmed that genistein can 
improve the trabecular bone loss in ovariecto-
mized mammalians to prevent and treat osteo-
porosis [11]. However, no studies have been 
conducted to investigate whether genistein can 
improve hypoxia induced bone metabolic 
abnormality. 

In the present study, intermittent hypoxia was 
employed to INDUCE OSAHS, aiming to investi-
gate the influence of intermittent hypoxia on 
bone mass and bone quality in ovariectomized 
rats. In addition, whether genistein was helpful 
to improve the reduction in bone mass second-
ary to intermittent hypoxia in ovariectomized 
rats was also investigated. Our results showed 
intermittent hypoxia could deteriorate the 
reduction in bone mass, the damage to bone 
microarchitecture and bone biomechanics in 
ovariectomized rats. In addition, genistein 
could effectively reverse the detrimental 
effects of intermittent hypoxia on bone mass 
and bone microarchitecture. Detection of 
expressions of genes related to bone formation 
and bone resorption showed the genistein 
induced improvement of bone mass and bone 
microarchitecture was partially attributed to 
the inhibition of bone resorption and promotion 
of bone formation.

Materials and methods 

Grouping

A total of 35 female SD rats aged 8 weeks were 
randomly assigned into 4 groups: control group, 
OVX group, OVX+hypoxia group, and OVX+ 
hypoxia+genistein group. In control group, rats 
did not receive treatment. Rats in the remain-
ing 3 groups received oophorectomy. Two 
weeks after surgery, rats in OVX+hypoxia group 
and OVX+hypoxia+genistein group were ex- 
posed to intermittent hypoxia for 35 days to 
induce OSAHS. At the same time, rats in 
OVX+hypoxia+genistein groups received intra-
peritoneal injection of genistein at 2.5 mg/kg/
day. Rats in other groups were intraperitoneally 
injected with DMSO of equal volume. 

OSAHS modeling 

Rats were placed in a chamber which was alter-
natively filled with nitrogen and compressed air 
for 30 s (compressed air for 15 s and nitrogen 
for 15 s). The alteration between nitrogen and 
air was achieved via a timing solenoid valve. 
This alteration was done twice every minute for 
8 h per day for 5 per week for a total of 5 weeks. 
Digital oxygen analyzer (CYS-1, XLYBC) was 
used to monitor the oxygen concentration. 
Hypoxia was defined as oxygen concentration 
of 1%. 

Detection of femoral and vertebral bone den-
sity 

Rats in each group were anesthetized and then 
sacrificed by cervical dislocation. The L1-4 ver-
tebrae and bilateral femora were collected, fol-
lowed by detection of bone mass density (BMD, 
g/cm2) with a bone density meter. The mean of 
BMD of bilateral femora was used as the BMD 
of the specific animal for further analysis. 

Bone trabecular morphometry

The vertebrae were fixed in 4% formalin fol-
lowed by decalcification in EDTA-G solution 
(14.5 g EDTA, 1.25 g NaOH, and 15 ml glycerol 
were dissolved in distilled water and the pH 
was adjusted to 7.1-7.3. The solution was then 
made up to 100 ml and stored at 5°C). Then, 
sagittal segments were obtained, dehydrated 
in a series of ethanol, transparentized in xylene, 
embedded in paraffin and sectioned followed 
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by HE staining. Sections were observed under a 
light microscope (Nikon E600, Japan) at 400. 
The middle segments were photographed and 
analyzed with Image-Pro Plus IPP Mediaplayer 
(USA). The bone trabecular area, width and 
interval were determined. In addition, the ratio 
of trabecular area to total area was calculated 
as percentages. 

Bone biomechanics

Femoral three-point bending test and lumbar 
compression test were employed to detect the 
strength of cortical bone and cancellous bone. 
The muscles on fresh femoral and lumbar ver-
tebrae were removed, and both tests were 
done with three-point bending instrument 
(INSTRON-5543 USA; accuracy: 0.04%; detec-
tion range: 10-1100) and compression instru-
ment (span: 18 mm; rate: 10.0 mm/min; tem-
perature: 23°C; humidity: 60-70%). 

Real-time PCR

The calvaria were collected, and surrounding 
tissues were removed, placed in liquid nitrogen 
and grounded. The total RNA was extracted in 
the presence of Trizol according to manufac-
turer’s instructions. The RNA quality was deter-
mined after agarose gel electrophoresis. The 
first strand cDNA was synthesized with 500 ng 
of RNA, 50 μM oligo dT primer, 100 μM random 
6 mers, 0.5 μl of prime script RT enzyme mix I 
and 2 μl of 5× primescript buffer at 65°C for 5 
min and then on ice for 2 min. Products were 
stored at -20°C. Then, PCR was performed for 
amplification with 1.2 μLof cDNA, 2.5 μL of 10× 
pcr buffer, 2 μL of 25 mmol/L magnesium, 0.2 
μL of 25 mmol/L dNTPs, 0.5 μL of 10 μmol/L 
forward primer, 0.5 μL of 10 μmol/L reverse 
primer, 0.5 μL of 50× SYBR fluorescent dye, 0.3 
μL of 5 U/μL Taq polymerase and ultra-pure 
water (final volume: 25 μL). The PCR conditions 
were as follows: predenaturation at 95°C for 2 

min, and 40 cycles of denatur-
ation at 95°C for 10 s, annealing 
at 60°C for 20 s and extension at 
72°C for 45 s. Then, melting 
curve was delineated and ana-
lyzed. After PCR, the fluores-
cence signals were analyzed with 
a software, and the amplification 
and melting curves of target 
genes and internal reference 
gene were delineated. The prim-
ers were as follows: Cbfa1: 

Table 1. Lumbar and femoral BMD in rats of different groups
Number Lumbar BMD Femoral BMD

CON 8 0.2684±0.008 0.2674±0.007
OVX 8 0.2546±0.010* 0.2630±0.010
OVX+hypoxia 8 0.2454±0.007*,# 0.2514±0.009*,#

OVX+hypoxia+genistein 8 0.2588±0.010& 0.2646±0.010&

Footnote: CON: control group; OVX: Ovariectomized rats; OVX+hypoxia: Ovari-
ectomized rats with intermittent hypoxia; OVX+hypoxia+genistein: Ovariecto-
mized rats with intermittent hypoxia and genistein treatment. *P<0.05 vs. CON; 
#P<0.05 vs. OVX group; &P<0.05 vs. OVX+Hypoxia group. 

TCTTCTGTCCCGTCACCTCC (forward), GCTCAC- 
GTCGCTCATCTTGC (reverse); ALP: TATGGCTCA- 
CCTGCTTCACGG (forward), GCTGTCCATTGTG- 
GGCTCTTG (reverse); type I collagen: CTACA- 
GCACGCTTGTGGATGG (forward), CAGATTGGGA- 
TGGAGGGAGTT (reverse); Osteocalcin: GAGA- 
GAGATGGCACACAGTAGG (forward), GGAGGGT- 
AGGACACAATCAGAG (reverse); OPG: ATCAGT- 
TGGTGGGAATGAAGAT (forward), TTATCAAAT- 
AGCCTGCCTCACT (reverse); RANKL: GAGCGA- 
AGACACAGAAGCACTA (forward), ATTGATGGTG- 
AGGTGAGCAAAC (reverse); TRAP5b: ATGCTA- 
AAGAAATCGCCAGAAC (forward), AGAACACATC- 
CTCAAAGGTCTC (reverse).

Results 

Genistein improves bone mass reduction sec-
ondary to intermittent hypoxia 

The lumbar BMD reduced markedly in OVX rats, 
but the femoral BMD remained unchanged. 
After intermittent hypoxia, the lumbar and fem-
oral BMD of reduced further in OVX rats. 
Intraperitoneal injection of Genistein could 
improve the reduction in BMD in OVX rats after 
hypoxia exposure, but the BMD was still lower 
than that in control rats (Table 1). 

Genistein improves histomorphometric param-
eters of rats with intermittent hypoxia 

The trabecular bone area ratio and trabecular 
width in ovariectomized rats reduced, but the 
mean trabecular interval increased, which were 
deteriorated after intermittent hypoxia. Geni- 
stein could improve the above histomorpho-
metric parameters in rats with intermittent 
hypoxia (Table 2 and Figure 1). 

Genistein improves bone biomechanics of rats 
after intermittent hypoxia

The lumbar maximum compressive load and 
femoral maximum three-point bending load 
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were employed to evaluate the bone biome-
chanics. Results showed the lumbar maximum 

Table 2. Histomorphometric parameters in rats of different groups
Number Trabecular bone area ratio Mean trabecular width Mean trabecular interval

CON 8 31.14±2.74 54.06±3.21 121.46±8.46
OVX 8 29.32±3.68* 52.60±3.30* 131.61±4.71*

OVX+Hypoxia 8 28.41±2.79*,# 48.85±2.72*,# 133.37±5.90*,#

OVX+Hypoxia+genistein 8 29.15±2.32& 51.26±2.65& 132.24±3.52&

Footnote: CON: control group; OVX: Ovariectomized rats; OVX+hypoxia: Ovariectomized rats with intermittent hypoxia; 
OVX+hypoxia+genistein: Ovariectomized rats with intermittent hypoxia and genistein treatment. *P<0.05 vs. CON; #P<0.05 vs. 
OVX group; &P<0.05 vs. OVX+Hypoxia group. 

compressive load reduced, but the femoral 
maximum three-point bending load remained 

Figure 1. Lumbar histomorphometry in rats of different groups (HE staining).
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unchanged in ovariectomized rats. Both param-
eters deteriorated after intermittent hypoxia, 
and genistein could partially improve the chang-
es in these biomechanical parameters in ovari-
ectomized rats with intermittent hypoxia (Table 
3). 

Genistein increases expression of osteogen-
esis related genes 

To investigate the mechanisms related to the 
increase in BMD and improvement of bone 
microarchitecture after genistein treatment, 
the skull was collected, and total RNA was 
extracted. Real time PCR was performed to 
detect the expressions of osteolysis and osteo-
genesis related genes. As shown in Figure 2, 
the Runx2 expression was increased by 2.8 
folds, Col I by 12.4 folds, ALP by 4.2 folds, OPG 
by 2.7 folds, and TRAP-5b (osteolysis related 
gene) by 6.4 folds, but the expressions of OC 
and RANKL remained unchanged in OVX rats 

when compared with 
control rats. After 
intermittent hypoxia, 
when compared with 
OVX rats, the expres-
sions of Runx2, Col I 
and ALP (genes relat-
ed to osteogenesis) 
were inhibited, and 
the extent of inc- 
rease in TRAP-5b 
expression also dec- 
reased (from 6.4 
folds to 4.3 folds). In 
addition, genistein 
increased the exp- 
ressions of osteo-
genesis related gen- 
es to different ext- 
ents (Runx2: from 
1.1 folds to 2.5 folds; 
Col I: from 4.5 folds 
to 10.5 folds; ALP: 
from 2.4 folds to 5.3 
folds), accompanied 
by inhibition of TRAP-
5b expression (from 
4.3 folds to 2.1 fo- 
lds).

Discussion 

Table 3. Bone biomechanics of rats in different groups

Number Lumbar maximum 
compressive load

Femoral maximum three-point 
bending load

CON 16 311.27±9.20 128.37±7.27
OVX 16 289.26±7.58* 126.57±3.26
OVX+Hypoxia 16 254.83±6.09*,# 116.47±5.81*,#

OVX+Hypoxia+genistein 16 271.25±5.47& 124.81±4.61&

Footnote: CON: control group; OVX: Ovariectomized rats; OVX+hypoxia: Ovariectomized rats with 
intermittent hypoxia; OVX+hypoxia+genistein: Ovariectomized rats with intermittent hypoxia and 
genistein treatment. *P<0.05 vs. CON; #P<0.05 vs. OVX group; &P<0.05 vs. OVX+Hypoxia group.

Figure 2. Expressions of genes related to bone turnover.

Our results showed intermittent hypoxia (1% 
oxygen) could further reduced the bone mass 
and bone strength in OVX rats, and genistein 
partially reversed the detrimental effect of 
intermittent hypoxia on bone mass and bone 
strength. The present study for the first time 
investigated the influence of intermittent 
hypoxia on bone mass, bone microarchitecture 
and bone strength, and reported that genistein 
could improve the abnormal bone metabolism 
of OVX rats undergoing intermittent hypoxia.

Under the normal condition, the arterial oxygen 
concentration is about 12% and venous/capil-
lary oxygen concentration is about 5%. The 
blood oxygen concentration fluctuates within a 
narrow range via precise regulatory mecha-
nisms. When the blood oxygen concentration 
reduces, cells fail to produce enough ATP to 
main the normal functions under the hypoxic 
condition, and thus pathological processes 
occur. The reduced oxygen concentration of 
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blood may influence the functions of osteo-
clasts and osteoblasts. In mouse bone marrow 
and human peripheral mononuclear cells 
(hPBMCs), hypoxia can significantly increase 
the amount and volume of osteoclasts [12, 13], 
but has no influence on the bone resorption 
ability of mature osteoclasts [12]. In addition, 
hypoxia can also increase the expressions of 
vascular endothelial growth factor (VEGF) and 
interleukin 6 (IL-6), two factors promoting the 
functions of osteoclasts [13]. In previous stud-
ies, continuous hypoxia was introduced in the 
establishment of animal model, which has risk 
for causing cell death and influences the obser-
vation of osteoclast functions [14]. In the pres-
ent study, intermittent hypoxia was employed 
to mimic the hypopnea during OSAHS, and the 
markers for bone resorption were detected in 
the bone. Results showed the influence of inter-
mittent hypoxia on osteoclasts was consistent 
with that of continuous hypoxia: hypoxia of both 
patterns could promote the functions of osteo-
clasts. A lot of studies have been conducted to 
investigate the influence of hypoxia on osteo-
blasts. In vitro studies reveal that hypoxia can 
reduce the Cbfa1 expression [15-17] and 
increase ATP release (ATP may block the bone 
mineralization and stimulate osteolysis) [18], 
which then reduce the differentiation and mat-
uration of osteoblasts. In studies on bone mar-
row stromal stem cells (BMSCs), results showed 
hypoxia could stimulate lipogenesis [19]. 
Adipocytes and osteoblasts have the same pre-
cursor cells. Thus, the increased lipogenesis 
may be accompanied by reduced differentia-
tion into osteoblasts. Chronic intermittent 
hypoxia may reduce the proliferation of osteo-
blasts, synthesis of collagen and ALP expres-
sion to decrease osteogenesis [14]. There is 
evidence showing that hypoxia may inhibit col-
lagen synthesis, which is attributed to the 
reduction of oxygen dependent enzymes such 
as proline hydroxylase and lysine oxidase [20]. 
However, the influence of hypoxia on bone for-
mation is still controversial. Some studies show 
hypoxia may promote the growth of osteoblasts 
[21], reduce the Sclerostin expression in osteo-
blasts and promote Wnt signaling pathway to 
elevate bone formation [22]. Our results 
showed intermittent hypoxia could reduce the 
expressions of Cbfa1, bone ALP and type I 
collagen. 

The hypopnea state during sleep apnea usually 
causes acidosis, and the acidosis induced 
damage to bone system has been reported 

[23]. Reduced pH may increase the bone 
resorption significantly. There is evidence show-
ing that the increment of pH value of 0.1 may 
increase the bone resorption by 1 fold [24]. 
Acidosis is also necessary for the initiation of 
bone resorption [14]. In the presence H+, osteo-
clasts may be further activated by osteolytic 
factors (such as PTH and 1,25(OH)D) to induce 
bone resorption. In addition, acidosis may also 
influence the functions of osteoblasts. Mild 
reduction in pH value may induce the reduction 
in the expression of extracellular matrix includ-
ing collagens [25, 26]. Moreover, acidosis also 
affects the mineralization of matrix and cause 
lysis of mineralized hydroxyapatites. Experi- 
ments showed the concentrations of Ca2+ and 
PO3- released from hydroxyapatites increased 
by 2 folds and 4 folds, respectively, when com-
pared with those at baseline [27].

In recent years, studies on phytoestrogens 
show genistein can be used to effectively pre-
vent against osteoporosis. There is evidence 
showing that genistein can reduce the genera-
tion and activity of osteoclasts [11, 28] and 
promote the apoptosis of mature osteoclasts 
[29] to inhibit bone resorption, which prevent 
against trabecular bone lost in OVX rats [30]. 
Besides the inhibition of osteoclasts, genistein 
may also increase the differentiation and min-
eralization of osteoblasts and protein synthesis 
in these cells [31, 32]. During the differentia-
tion of BMSCs, genistein can reduce the differ-
entiation of these cells into adipocytes and 
increase their differentiation into osteoblasts 
to elevate the amount of osteoblasts [33]. In 
addition, genistein may also bind to estrogen 
receptor (ER) on osteoblasts to exert osteogen-
ic effect [34, 35]. Although the affinity of genis-
tein to ERβ is higher than that to ERα [36], the 
effects of genistein are realized via ERα [37]. 
Our results indicated that genistein not only 
improved the BMD in OVX rats, but also allevi-
ated the reduction in BMD of OVX rats undergo-
ing intermittent hypoxia. Besides the direct 
effect on osteoclasts and osteoblasts, genis-
tein may also exert anti-inflammatory effect 
[38] and improve stress [39] to attenuate the 
hypoxia induced damage to bone metabolism. 
Thus, genistein may exert comprehensively pro-
tective effects on hypoxia induced damage to 
bone metabolism. 

Epidemiological studies have confirmed that 
estrogen is related to OSAHS and occurrence 
and development of cardiovascular complica-
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tions and may exert protective effects on these 
conditions. However, whether hormone replace-
ment therapy can be used to prevent and treat 
OSAHS is required to be further studied. 
Hormone replacement therapy has risk for side 
effects. Thus, we should weight the oros and 
cons of hormone replacement therapy and indi-
vidualized therapy is then applied. In addition, 
the side effects during the treatment should be 
closely monitored and promptly treated. Thus, 
to develop more safe and effective drugs is cur-
rently a key point in studies. Phytoestrogens 
and estrogen-like drugs (such as: estrogen 
receptor modulators) may provide a new modal-
ity for the treatment of OSAHS in postmeno-
pausal women. 
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