
Int J Clin Exp Pathol 2015;8(10):13421-13425
www.ijcep.com /ISSN:1936-2625/IJCEP0015166

Original Article
Effects of a7nAChR agonist on the tissue  
estrogen receptor expression of castrated rats

Feng Ma, Fan Gong, Jinhan Lv, Jun Gao, Jingzu Ma

Department of Orthopedics, Ningxia People’s Hospital, Yinchuan 750002, Ningxia, China

Received August 27, 2015; Accepted September 28, 2015; Epub October 1, 2015; Published October 15, 2015

Abstract: Osteoporosis is one common disease in postmenopausal women due to depressed estrogen level. It has 
been known that inflammatory factors are involved in osteoporosis pathogenesis. One regulator of inflammatory 
cascade reaction, a7-nicotinic acetylcholine receptor (a7nAChR), therefore, may exert certain role in osteoporosis. 
This study thus investigated this question on an osteoporosis rat model after castration. Rats were firstly castrated 
to induce osteoporosis, and then received a7nAChR agonist (PNU-282987), diethylstilbestrol or saline via intraperi-
toneal injection. After 6 or 12 weeks, bone samples were collected for counting osteoblast number, bone density 
and estrogen receptor (ERα and ERβ) expression, in addition to the serum laboratory of inflammatory factors. Bone 
density, osteoclast number, ERα and ERβ expression level were significantly depressed in model group, and were 
remarkable potentiated in the drug treatment group (P<0.05). The levels of BGP and PTH in drug treatment group 
were decreased compared to diethylstilbestrol group, while E2 and IGF-1 showed up-regulation. Agonist of a7nAChR 
can up-regulate estrogen receptor expression and may prevent the occurrence and development of osteoporosis.
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Introduction

With population aging, osteoporosis has 
become a severe public health issue to draw 
the interests of researchers and clinicians 
worldwide. As one bone disease, osteoporosis 
is typically manifested with compromised bone 
strength and elevated bone fracture risk. 
Estrogen has been known to work as one criti-
cal hormone during bone formation and growth, 
as it can accelerate the maturation of bones 
and maintain normal bone volume. The defi-
cient of estrogen thus disrupt the dynamic bal-
ance between bone formation and reabsorp-
tion, causing higher incidence of osteoporosis. 
One factor mediating inflammatory cascade 
reaction, a7nAChR, may prevent osteoporosis 
via the binding with acetylcholine. This study 
thus generated an animal model with osteopo-
rosis and targeted estrogen receptor, in an 
attempt to identify the potential effect of 
a7nAChR agonist in osteoporosis.

Materials and methods

Animals and treatment

A total of 40 female SD rats (4 months old, 
body weight: 220~250 g) were provided by 

Laboratory Animal Center of Ningxia Medical 
University. All animals were randomly divided 
into 4 groups. After intraperitoneal injection of 
2% pentobarbital sodium (0.2 mL/100 g) for 
general anesthesia, the peritoneal cavity was 
exposed by a midline incision. Bilateral ovaries 
were then removed. The control group only 
underwent the surgical procedure but without 
the ovary removal. Penicillin sodium (0.5 mL per 
animal) was intraperitoneal injected before 
suture. Two days after the surgery, penicillin 
sodium was given daily. Rats were kept in cages 
with food and water ad libitum.

Rats were used for all experiments, and all pro-
cedures were approved by the Animal Ethics 
Committee of Ningxia Medical University.

The successful generation of osteoporosis 
model was deduced by bone density quantifica-
tion after 2 month. At 10 weeks after the sur-
gery, animals received a7nAChR agonist (PNU-
282987, Santa Cruz, US) at 2.4 mg/kg daily via 
intraperitoneal injection, or diethylstilbestrol 
(0.05 mg/kg daily, Jinyao, China) via subcutane-
ous injection or equal volumes of saline by 
intraperitoneal injection. The drug intervention 
lasted for 12 weeks.
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regression based on standard samples was 
used to deduce the sample concentration.

Statistical analysis

SPSS 17.0 software was used to process all 
collected data, which were presented as mean 
± standard deviation (SD). Enumeration data 
were analyzed by chi-square test, while mea-
surement data were compared by student 
t-test. A statistical significance was defined 
when P<0.05.

Results

Bone density

The osteoporosis model was successfully gen-
erated as the bone density of saline group at 6 
week and 12 week was significantly lower than 
that in other two groups (P<0.05, Table 1). The 
drug treatment, however, remarkable increased 
bone density compared to those undergone 
diethylstilbestrol or saline treatment (P<0.05, 
Table 1).

Number of osteoblasts

The removal of ovaries significantly suppressed 
the number of osteoblasts. Drug treatment, 
however, significantly elevated number of 

Sample collection

At 6 weeks or 12 weeks of drug treatment, rats 
were anesthetized. Bone density of the whole 
body was firstly quantified by X-ray bone densi-
tometry, with a target area at 0.05 cm2 in tripli-
cates. Blood samples were then collected from 
posterior femoral artery. After incubated for 1 
hour, blood was centrifuged at 12000 g for 10 
min to collect serum at the supernatants. 

Under sterilized condition, bone samples were 
removed and cut into small pieces. After rinsing 
in penicillin-streptomycin, bone tissues were 
digested by 0.1% type I collagenase. Hank’s 
solution was then used to wash isolated cells, 
which were cultured in DMEM containing  
10% fetal bovine serum (DMEM) at 104~105 per 
mL density. After incubation at 37°C with 5% 
CO2 perfusion, fibroblasts were removed. 
Osteoblasts were collected from the superna-
tants and quantified under a microscope. 

Western blotting

Osteoblasts were collected for extracting total 
proteins. After quantification, proteins were 
separated under 8% SDS-PAGE, and were 
transferred to PVDF membrane. Blocking was 
performed under room temperature for 1 hour. 

Primary antibody, including rabbit anti-ERα 
(1:200, Santa Cruz, US), goat anti-ERβ 
(1:200, Santa Cruz, US) and goat anti-actin 
(1:500, Santa Cruz) were applied for over-
night incubation at 4°C. After rinsing in 
TBST, anti-rabbit IgG or anti-goat IgG sec-
ondary antibody (1:2 000) was applied for 
1-hour incubation at room temperature. 
Chromogenic substrates (Bio-Rad, US) were 
then added to develop the color, which was 
exposed and analyzed for optical density 
(OD) values.

Enzyme-linked immunosorbent assay 
(ELISA)

Serum samples were added into 96-well 
plate along with serially diluted standards. 
Serum level of BGP, estradiol (E2), parathy-
roid hormone (PTH) and insulin-like growth 
factor-1 (IGF-1) was quantified by ELISA  
kits following the manual instruction. 
Absorbance values at 450 nm were quanti-
fied by a microplate reader. The linear 

Table 1. Bone density of all rats

Group N
Bone density

At week 6 N At week 12 N
PNU-282987 10 0.21±0.12*,#,& 5 0.18±0.07*,#,& 5
Diethylstilbestrol 10 0.17±0.09*,& 5 0.15±0.05*,& 5
Saline 10 0.12±0.05& 5 0.09±0.02& 5
Control 10 0.31±0.17 5 0.31±0.16 5
Note: *, P<0.05 compared to saline group; #, P<0.05 compared to 
diethylstilbestrol group; &, P<0.05 compared to control group.

Table 2. Osteoblast number of all rats

Group N
Osteoblast number

At week 6 At week 12
PNU-282987 10 29.11±3.11*,#,& 27.55±2.37*,#,&

Diethylstilbestrol 10 22.03±3.02*,& 20.56±2.12*,&

Saline 10 21.12±3.08& 19.09±2.01&

Control 10 33.56±4.58 33.57±4.66
Note: *, P<0.05 compared to saline group; #, P<0.05 com-
pared to diethylstilbestrol group; &, P<0.05 compared to 
control group.
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osteoblasts when compared to diethylstilbes-
trol or saline group (P<0.05, Table 2).

Estrogen receptor expression level in osteo-
blasts

Using Western blot to quantify ERα and ERβ 
expression levels in osteoblasts from all rats, 
we found significantly elevated expression  
of estrogen receptors in drug intervention 
group compared to the other two groups, but 
was still lower than the control group (Table 3; 
Figure 1).

Serum BGP, E2, PTH and IGF-1 levels

Using ELISA to quantify serum levels of BGP, 
E2, PTH and IGF-1 in all rats, we found that BGP 
and PTH contents in drug treated group were 
significantly lower than those in diethylstilbes-
trol group, while E2 and IGF-1 levels were ele-
vated (P<0.05, Table 4). All those indexes were 
higher in drug treatment group compared to 
control group.

Discussion

Osteoporosis has now be- 
come a worldwide healthy 
issue due to the aging of pop-
ulation [1, 2]. As one system-
atic bone disease, osteoporo-
sis is usually manifested with 
decreased bone volume and 
density, compromised bone 
strength, along with higher 
risk of bone fracture [3]. The 
occurrence of osteoporosis 
involves multiple factors. The 
definition of osteon has been 
suggested to include both 
osteoblasts and osteoclasts 
involving in the bone reforma-

Table 3. Estrogen receptor expression level in rat osteoblasts

Group N
At week 6 At week 12

EGα EGβ EGα EGβ
Saline 10 133.71±4.28& 129.82±4.12& 124.32±4.26& 120.12±4.05&

Control 10 191.53±6.43 190.24±5.98 190.97±6.12 188.76±5.88
PNU-282987 10 172.57±5.60*,#,& 171.86±5.47*,#,& 165.24±5.12*,#,& 163.82±5.23*,#,&

Diethylstilbestrol 10 141.83±4.12*,& 134.75±4.24*,& 139.26±4.33*,& 133.72±4.11*,&

Note: *, P<0.05 compared to saline group; #, P<0.05 compared to diethylstilbestrol group; &, P<0.05 compared to control 
group.

Figure 1. Estrogen receptor ERα (upper panels) and ERβ (low panels) expres-
sion level in rat osteoblasts. Left, 6 weeks; Right, 12 weeks. Lane A, saline 
group; Lane B, control group; Lane C, PNU-282987 group; Lane D, diethyl-
stilbestrol group.

tion [4]. Osteon accomplished the bone refor-
mation cycle via bone transformation, which 
consists of cell activation, bone absorption and 
formation. As one important component of 
osteon, osteoblast plays a vital role in bone for-
mation, modulating bone reabsorption, inhibit-
ing differentiation of osteoclasts and acceler-
ate their apoptosis [5]. Estrogen plays an 
important role in the development and matura-
tion of bones in addition to modulating repro-
ductive functions. For postmenopausal and 
ovary removal women, the rapid depressed on 
body’s estrogen level may lead to imbalance of 
bone metabolism, causing the degradation of 
bone structure, decreased bone volume and 
bone density, thus making higher incidence of 
bone fracture [6].

In this study, we generated an osteoporosis rat 
model by artificial castration. Specific agonist 
of a7nAChR, PNU-282927, was applied for 
intervention. We found significantly depressed 
bone density and osteoblast number in model 
group, suggesting the occurrence of osteoporo-
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novel ways of non-medication prevention and 
treatment of osteoporosis.
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