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Abstract. Osteoprotegerin (OPG) and receptor activator of nuclear factor-kappa B ligand (RANKL) 
have been revealed in the pathogenesis of primary osteoporosis and other metabolic bone diseases. 
This study was designed to assess the effect of 17-β estradiol (E2) treatment and angiotensin con-
verting enzyme inhibitor (ACEI), captopril, on osteoporosis induced by ovariectomy in rats and 
discussing the role of OPG/RANKL ratio in their action. Thirty two adult female rats were divided 
into four equal groups. Group I: control group, Group II: ovariectomized (OVX) non treated group, 
Group III: OVX rats treated with E2, Group IV: OVX rats treated with captopril. OVX rats showed 
a significant decrease in serum Ca2+ and OPG levels with significant increase in serum RANKL, 
osteocalcin, alkaline phosphatase activity and urinary hydroxyproline levels. Treatment with captopril 
as well as E2 led to a significant improvement in bone markers levels with a significant increase in 
OPG/RANKL ratio. Image analysis technique revealed that there was a significant improvement in 
cortical bone thickness (CBT) and mean trabecular bone density (TBD) in OVX rats treated with 
either E2 or ACEI. So, we can conclude that the protective effect of E2 and ACEI on osteoporosis 
may be mediated by influencing OPG/RANKL signaling.
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Introduction

Osteoporosis being one of the major complications affecting 
the postmenopausal women is a  systemic skeletal disease 
that is characterized by low bone mass and deterioration of 
bone tissue with an associated increase in fragility and sus-
ceptibility to fractures (Kaczmarczyk-Sedlak et al. 2012). In 
Egypt, it has been calculated that 28.4% of postmenopausal 
women have osteoporosis (Mohy 2011).

The ovariectomized (OVX) rat model remains the most 
popular choice that represents some of the most important 
clinical features of postmenopausal bone loss (Muthusami 
et al. 2005).

It’s well known that the estrogen exerts a direct protective 
effect on the bone through its receptors; it decreases the rate 
of production of osteoclasts, their activity and their survival 
and exerts an anabolic effect on osteoblasts. In addition the 

production and activity of some pro-inflammatory cytokines 
is known to be regulated by estrogen, these cytokines such as 
interleukin-1, tumor necrosis factor (TNF) alpha and nuclear 
factor-kappa B ligand (RANKL) are known to stimulate bone 
resorption and inhibit bone formation (Riggs et al. 2002).

RANKL is a TNF family member produced by osteob-
lasts lineage cells, it is essential for differentiation of the 
cells involved in bone resorption, the osteoclasts. It exerts 
its effects through binding to its receptor (RANK) on os-
teoclast precursor cells. Such binding results in activation 
of osteoclasts and their survival. Osteoblasts also produce 
osteoprotegerin (OPG), a  potent inhibitor of osteoclast 
formation. OPG reduces the production of osteoclasts by 
inhibiting the differentiation of osteoclast precursors into 
osteoclasts and also regulates the resorption of osteoclasts 
in vitro and in vivo. As OPG binding to RANKL blocks the 
RANKL-RANK interaction. This has the effect of inhibiting 
the differentiation of the osteoclast precursor into a mature 
osteoclast (Coetzee and Kruger 2004). The RANKL/RANK/
OPG system has been implicated in various skeletal and 
immune-mediated diseases characterized by increased bone 
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resorption and bone loss, including several forms of oste-
oporosis (postmenopausal, glucocorticoid-induced, and se-
nile osteoporosis) and the OPG/RANKL ratio is considered 
a reliable marker of the differentiation state of the osteoblast 
and osteoclast (Hofbauer and Heufelder 2000).

Hormone replacement therapy (HRT) is used widely to 
overcome the basic disorders associated with menopause; 
however, its use revealed several complications including 
increased risks of breast, endometrial and ovarian cancers 
(Rossouw et al. 2002).

The renin-angiotensin system (RAS) is found not only 
systemically but also locally in several tissues. Recent studies 
showed that the components of RAS, such as renin, ACE, 
and angiotensin II (Ang II) receptors, were expressed in the 
bone. Recent findings showed RAS to play an important role 
in bone tissue suggesting a detrimental effect of (Ang II) 
on bone. It was indicated that Ang II is a potent stimulator 
of osteoclastic bone resorption. This has led to the theory 
that ACEI and angiotensin receptor blockers may have an 
indirect effect on bone mineral density and fracture risk 
(Donmez et al. 2012).

Our study was designed to investigate a possible effect 
of captopril, an angiotensin converting enzyme inhibitor 
(ACEI), on bone markers in estrogen deficiency-induced 
bone loss by comparing this protective effect to 17-β estradiol 
(E2) supplementation in ovariectomized rat models and to 
discuss the role of OPG/RANKL ratio as a possible mecha-
nism of action. This could answer a very important question, 
if ACEI used for treating hypertension has a protective effect 
on bone loss caused by estrogen deficiency in menopausal 
female or not? To avoid the side effects of both estrogen and 
ACEI used for treatment of osteoporosis and hypertension 
that are commonly present together in menopausal females 
by avoiding using the two drugs at the same time.

Materials and Methods

The present study was carried out on adult 32 Wistar albino 
female rats with an average age of 4–5 months weighing 
approximately 200–250 g. Rats were housed at room tem-
perature, fed with standard rat chow with free access to food 
and water throughout the study. They were housed on in 
metal cages; five rats in each cage. An adaptation period of 
one week was allowed before experimental protocol. Ex-
periments were conducted in accordance with guidelines 
set by the Research Ethics Committee of Benha Faculty of 
Medicine.

Experimental design

The animals were randomly divided into 4 groups (n = 8 
rats per group):

Group I. SHAM control group: sham operated control rats 
received sesame oil orally by gavage daily for 8 weeks.

Group II. OVX group: rats were subjected to ovariectomy 
at the beginning of the study then administered sesame 
oil orally by gavage daily for 8 weeks from the day after 
surgery.

Group III. OVX+E2 group: OVX rats received 17b-
estradiol (from Sigma Chemicals) 0.5 mg/kg dissolved in 
sesame oil daily orally by gavage for 8 weeks from the day 
after surgery (Ulas and Cay 2010).

Group IV. OVX+ACEI group: OVX rats received capto-
pril (from Epico, Egypt; 5 mg/kg) dissolved in water daily 
orally by gavage for 8 weeks from the day after surgery (Yu 
et al. 2011).

Experimental procedures

The rats in the experimental groups were subjected to sur-
gical procedures whether ovariectomy or sham operation. 
The rats were fasted overnight prior to surgery. All animal 
dissections were conducted by surgical procedures with 
aseptic technique. Rats were anesthetized by Thiopental Na 
(dose 40 mg/kg) and injected intramuscularly with antibi-
otics (penicillin G procaine 40,000 U/kg). After anesthesia, 
the ventral part of the abdominal region was shaved and 
then cleaned with ethanol. One small incision (1 cm) was 
made through the skin and the muscle wall on the Centre 
of peritoneal area. The ovaries were then located, and a silk 
sterile thread was tightly tied around the oviduct, including 
the ovarian blood vessels. The oviduct was sectioned, and 
the ovary was removed taking good care in leaving the knot 
intact. The wound was closed in two layers, i.e. muscle and 
skin using sterile sutures (Behr et al. 2011).

Sham operated animals were also anesthetized, the skin 
and muscle layers were opened, the uterus and ovaries were 
gently manipulated but not excised, and the wound was 
closed in two layers. After surgery, rats were housed individu-
ally for some hours to allow recovery and then re-grouped 
in their home cages.

Preparation of serum

Rats were anesthetized then sacrificed after 12 h overnight 
fasting. Blood samples were collected from cardiac puncture 
in dry clean test tubes for separation of serum. Serum was 
separated by centrifugation at 3000 rpm for 15 min and was 
stored at −20°C for measurement of the following:

Serum total calcium (Faulkner1982) and alkaline 
phosphatase (ALP) activity (Vasiliades 1976) were meas-
ured by colorimetric method (Chemroy, Biochemical 
Trade, Inc. USA) in Beckman Coulter DU-70 spectro-
photometer (Beckman Coulter Inc., CA, USA). Serum 
osteoprotegerin (OPG) was determined by enzyme linked 
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immunosorbent assay (ELISA) technique using R&D Elisa 
(SorinBiomedica, Eti-System, Denlay Instruments Ltd, 
England) kit as described by O’Brien et al. (2001). Serum 
osteocalcin was also measured with osteocalcin (OC) rat 
ELISA system (Rat Bone Panel3 Millipore, MA, USA) 
(Netto et al. 2012). Serum receptor activator of nuclear 
factor kappa B ligand (RANKL) levels were determined by 
enzyme linked immunosorbent assay (ELISA) technique 
using R&D ElIZA (SorinBiomedica, Eti-System, Denlay 
Instruments Ltd, England) kit as described by Teng et al. 
(2000). Serum alkaline phosphatase and OC were meas-
ured as markers for bone formation. The OPG/RANKL 
ratio was calculated.

Collection of 24-h urine

Twenty-four hours before scarification each rat was kept 
in a  special metallic cage with a perforated plate form to 
calculate urine output starting from 8 a.m. to 8 a.m. next 
day. A glass funnel was fixed under each cage fitting to the 
area of its plate form. From this funnel the urine passed 
to a collecting bottle. Urine samples were collected in dry 
test tubes and kept at −20°C until being analyzed. Urine 
samples were collected from all animals to measure urinary 
hydroxyproline level as a marker for bone resorption (Gallo 
et al. 2005).

Right femur from each rat was stored in formalin buffer 
10% for image analysis. The left femur from each rat was 
stored in liquid nitrogen for gene expression of RANKL 
and OPG.

Image analysis procedure

Right femur from each rat was embedded in paraffin sections 
and was stained with Hematoxylin and Eosin (H&E) for im-
age analysis technique as following; cortical bone thickness 
was measured by a free hand line tool which is calibrated 
against a micrometer slide photographed under the same 
conditions. The trabecular bone area was manually extracted 
as following; total area of the extracted trabecular bone was 
measured. Then the empty areas were subtracted according 
to color variation and the area was measured again. Area 
fraction was calculated in percent. Mean cortical bone thick-
ness (CBT) (μm) and mean trabecular bone density (TBD) 
(%) were obtained by measuring 5 fields/slide from 5 slides 
for each rat. The reading of each animal was considered as 
one variable (Samir and Malek 2014).

Real-time PCR analyses for mRNA expression of bone OPG 
and RANKL genes: Total RNA extraction

The metaphyseal portion of the femur was cut and homog-
enized using a Mixer Mill MM400 (Retsch, Germany) to 

isolate the mRNA. Total RNA was isolated from 25 mg 
tissue using total RNA purification kit Jena Bioscience 
Germany. The concentration and purity of the RNA were 
determined by measuring the absorbance at 260 nm 
and 280 nm. The amount of RANKL and OPG mRNA 
was determined with ABI Prism 7900HT quantitative 
real-time PCR (Applied Biosystems, Foster City, CA). 
The primers were as follows: RANKL (forward, 5’-ACC 
AGC ATC AAA ATC CCA AG-3’, reverse, 5’-TTT 
GAA AGC CCC AAA GTA CG-3’) and OPG (forward, 
5’-GTT CTT GCACAG CTT CAC CA-3’, reverse, 5’-
TCTCCAGGAGTGCCATCTCT-3’). PCR amplification 
was carried out in a 20 μl reaction mixture (2 μl of cDNA 
and 200 nmol/l primers for OPG and RANKL, respec-
tively, and 1 μl SYBR green). The temperature program 
was as follow:inactivation of reverse transcriptase at 95°C 
for 5 min, followed by 45-cycles of 95°C for 30 s, 60°C 
for 1 min, and 72°C for 30 s. The specificity of the PCR 
results was confirmed by dissociation curve analysis. Ac-
cording to the RQ manager program ABI SDS software 
(ABI 7900), the data are produced as sigmoid shaped 
amplification plots in which the number of cycle is plot-
ted against fluorescence (when using linear scale). The 
threshold cycle (CT) serves as a  tool for calculation of 
the starting template amount in each sample. Because 
the samples of control group and also samples of treated 
group are used as calibrators, the expression levels are set 
to 1. Because the relative quantities of the OPG&RANKL 
gene are normalized against the relative quantities of the 
endogenous control B-actin gene fold expression changes 
are calculated using the equation 2-ΔΔct in the study of 
Alhusseini et al. (2010).

Statistical analysis

All the data are presented as mean ± standard deviation (SD). 
Evaluation of differences between groups was performed 
using one-way ANOVA with post hoc test (LSD) between 
groups with SPSS 19.0 software. A p value of less than 0.05 
was considered statistically significant. 

Results

Effect of estrogen or captopril on bone markers, serum OPG 
and RANKL levels in OVX rats

As shown in Table 1, the present work revealed that 
ovariectomy (Group II) led to a  significant increase in 
serum osteocalcin, alkaline phosphatase activity, urinary 
hydroxylproline levels and RANKL activity (p < 0.05) with 
a significant decrease in serum calcium and serum OPG 
levels (p < 0.05) when compared to control rats (Group I). 
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Table 1. Effect of estrogen or captopril on serum calcium, osteocalcin, alkaline phosphatase activity, urinary hydroxylproline, serum 
RANKL, serum OPG and OPG/RANKL ratio in OVX rats 

Group I
(SHAM)

Group II
(OVX)

Group III
(OVX+E2)

Group IV
(OVX+ACEI)

Serum calcium (mg/dl) 9.43 ± 0.19 7.86 ± 0.28a 9.26 ± 0.29 b 9.04 ± 0.23ab

Serum osteocalcin (ng/ml) 4.23 ± 0.16 6.28 ± 0.13a 4.34 ± 0.18b 4.24 ± 0.11b

Serum alkaline phosphatase activity (u/l) 164 ± 1.25 244.12 ± 2.59a 174.75 ± 1.04ab 172.38 ± 2.67abc

Urinary hydroxylproline (mg/dl) 15.4 ± 0.04 25.7 ± 0.13a 16.5 ± 0.24ab 15.8 ± 0.13abc

Serum RANKL (pg/ml) 55.63 ± 1.4 112 ± 5.7a 99.5± 1.2ab 60.5 ± 1.4abc

Serum OPG (pg/ml) 15.96 ± 0.21 8.49 ± 0.42a 15.65 ± 0.21b 9.06 ± 0.78abc

OPG/RANKL ratio 0.29 ± 0.008 0.08 ± 0.005a 0.16 ± 0.005 ab 0.15 ± 0.009ab

Mean ± SD (n = 8). a Significant difference (p < 0.05) compared with control group; b significant difference (p < 0.05) compared with 
group II; c significant difference (p < 0.05) compared with group III; OPG, osteoprotegerin; RANKL, receptor activator of nuclear factor-
kappa B ligand; OVX, ovariectomized; ACEI, angiotensin converting enzyme inhibitor; E2, estrogen. 

Table 2. Effect of estrogen or captopril on CBT and TBD of rat femur bone by image analysis

Group I
(SHAM)

Group II
(OVX)

Group III
(OVX+E2)

Group IV
(OVX+ACEI)

CBT (µum) 61.06 ± 1.9 23.48 ± 1.43a 57.91 ± 1.01ab 55.75 ± 1.04abc

TBD (%) 66.9 ± 1.36 33.38 ± 1.06a 42.38 ± 1.06ab 61.13 ± 0.83abc

Mean ± SD (n = 8). a Significant difference (p < 0.05) compared with control group; b significant difference (p < 0.05) compared with 
group II; c significant difference (p < 0.05) compared with group III. CBT, cortical bone thickness; TBD, trabecular bone density; OVX, 
ovariectomized; ACEI, angiotensin converting enzyme inhibitor; E2, estrogen. 

Whereas, OVX rats treated with E2 (Group III) showed 
a  significant decrease in serum osteocalcin, alkaline 
phosphatase activity, urinary hydroxylproline levels and 
RANKL activity (p < 0.05) with a significant increase in 
serum calcium and OPG levels (p < 0.05) when compared 
to OVX group (Group II). In addition OVX rats treated 
with captopril (Group IV) showed a significant decrease in 
serum osteocalcin, alkaline phosphatase activity, urinary 
hydroxylproline levels and RANKL activity (p < 0.05) with 
a  significant increase in serum calcium (p < 0.05) and 
non-significant increase in OPG levels when compared 
to Group  II. As well as there was a  significant decrease 
(p < 0.05) in alkaline phosphatase activity and urinary 
hydroxylproline level in Group IV when compared with 
Group III. Concerning OPG/RANKL ratio there was 
a significant decrease (p < 0.05) in OVX non treated rats 
and a significant increase (p < 0.05) in OVX rats treated 
with E2 or captopril. Group III and Group IV showed sig-
nificant increase in alkaline phosphatase activity, urinary 
hydroxylproline levels and RANKL activity (p < 0.05) with 
a significant decrease (p < 0.05) in OPG/RANKL ratio with 
a significant decrease (p < 0.05) in serum calcium and OPG 
and a significant decrease (p < 0.05) in serum RANKL when 
compared with Group I.

Effect of estrogen or captopril on mean cortical bone thickness 
(CBT; μm) and mean trabecular bone density (TBD; %) in 
OVX rats

As shown in Table 2 and Fig. 1, the present work revealed that 
ovariectomy (Group II) led to a significant decrease (p < 0.05) 
in CBT and TBD when compared to control rats (Group I). 
Whereas, OVX rats treated with E2 (Group III) and OVX 
rats treated with captopril (Group IV) showed a significant 
increase (p < 0.05) in CBT and TBD. While Group III and 
Group IV showed a significant decrease in CBT and TBD 
when compared with Group I.

Effect of E2 or captopril on OPG mRNA expression and 
RANKL mRNA expression in OVX rats by real-time PCR 
analyses

As shown in Table 3, the present work revealed that ovariectomy 
(Group II) led to a significant decrease (p < 0.05) in OPG mRNA 
expression and a significant increase (p < 0.05) in RANKL 
mRNA expression when compared to control rats (Group 
I). Whereas, OVX rats treated with E2 (Group III) showed 
a significant increase (p < 0.05) in OPG mRNA expression and 
a significant decrease (p < 0.05) in RANKL mRNA expression 
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Table 3. Effect of E2 or captopril on OPG mRNA expression and RANKL mRNA expression in rat femur bone by Real-time PCR 
analyses

Group I
(SHAM)

Group II
(OVX)

Group III
(OVX+E2)

Group IV
(OVX+ACEI)

OPG mRNA level 1.46 ± 0.11 0.66 ± 0.04a 0.82 ± 0.02ab 0.68 ± 0.03ac

RANKL mRNA level 0.8 ± 0.09 1.49 ± 0.08a 1.18 ± 0.12ab 0.88 ± 0.08bc

The mRNA expressed by Log10 relative units of relative quantitation (RQ). Mean ± SD (n = 8). a Significant difference (p < 0.05) com-
pared with control group; b significant difference (p < 0.05) compared with group II; c significant difference (p < 0.05) compared with 
group III. OPG, osteoprotegerin; RANKL, receptor activator of nuclear factor-kappa B ligand; OVX, ovariectomized; ACEI, angiotensin 
converting enzyme inhibitor; E2, estrogen. 

A B

C D

as well as OVX rats treated with captopril (Group IV) showed 
a significant decrease (p < 0.05) in RANKL mRNA expres-
sion with non-significant increase in OPG mRNA expression 
when compared with OVX non-treated rats. The expression of 
RANKL mRNA in OVX rats treated with captopril is signifi-
cantly decreased (p < 0.05) than its expression in OVX treated 
with E2. Group III and Group IV showed a significant decrease 
(p < 0.05) in OPG mRNA expression when compared with 
a significant increase (p < 0.05) of RANKL mRNA expression 
in Group III when compared with Group I.

Discussion 

Captopril (ACEI) is used widely for treatment of hyperten-
sion that commonly coexists with osteoporosis in meno-
pausal female so this study was designed to investigate the 
effect of ACEI on bone loss induced by ovariectomy. There 
are controversies on the beneficial effects of ACEI on bone 
and its effect on OPG/RANKL signaling to modulate bone 
metabolism. To the best of our knowledge, it is the first study 
which investigates the effect of ACEI on OPG/ RANKL ratio 

Figure 1. Effect of estrogen or 
captopril on CBT and TBD% of 
rat femur bone by image analysis. 
A.  The photomicrograph of a  sec-
tion in the femur of control normal 
rats showing mean cortical bone 
thickness and mean trabecular bone 
density. H & E, magnification ×100. 
B. The photomicrograph of a section 
in the femur of OVX rats showing 
mean cortical bone thickness (CBT) 
and mean trabecular bone density. 
H & E, magnification ×100. C. The 
photomicrograph of a section in the 
femur of OVX rats treated with E2 
showing mean cortical bone thick-
ness and mean trabecular bone 
density. H & E, magnification ×100. 
D. The photomicrograph of a section 
in the femur of OVX rats treated 
with ACEI, captopril showing mean 
cortical bone thickness and mean 
trabecular bone density. H  &  E, 
magnification ×100.
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in ovariectomized rats (osteoporosis caused by estrogen 
deficiency).

Our data showed that ovariectomy led to a significant 
decrease in the plasma Ca2+level 8 weeks after ovariec-
tomy in the OVX rats when compared with the SHAM 
operated control group as shown in Table 1. These results 
are in agreement with Mattix-Kramer et al. (2003) who 
reported that ovariectomized rats had impaired Ca2+ bal-
ance that could have contributed to ovariectomy-induced 
osteoporosis. Menopause is associated with impaired 
intestinal Ca2+ absorption that could be due to the re-
sistance of the gastrointestinal system to the action of  
1,25-dihydroxyvitamin D as the estrogen has been shown 
to modulate the end organ effect of 1,25-dihydroxyvitamin 
D on intestinal calcium absorption (Gennari et al. 1990). 
Furthermore, menopause is associated with increased 
renal excretion of calcium as the estradiol increases renal 
tubular Ca2+ reabsorption (Dick et al. 2005). Also, the 
OVX rats exhibited a significant increase in bone turnover 
as evidenced by a significant increase in both bone resorp-
tion that was manifested by a significant increase in urine 
hydroxyproline level and increased bone formation that 
was manifested by a significant increase in plasma osteo-
calcin and ALP levels compared to SHAM operated rats 
as shown in Table 1, this is in accordance with a previous 
study (Mukherjee et al. 2006) who found an increase in 
both markers in OVX rats. E2 deficiency up-regulates the 
production and action of several cytokines such as TNF 
alpha and RANKL that increases bone resorption leading 
to an increase in bone resorption markers (Vural et al. 
2006). The question that arises now is how E2 deficiency 
induced by ovariectomy can induce an increase in bone 
formation? It is well known that bone formation occurs 
only at sites of previous resorption in remodeling bone, 
where the appropriate number of mature osteoblasts is 
thought to be controlled by growth factors that are released 
from the bone matrix during its resorption by osteoclast. 
So, the increase in bone resorption in OVX rats should be 
associated with an increase in bone formation. However, 
the quantity of bone formed is lower than the quantity 
of bone resorbed which results in a  net bone loss and 
increased risk of osteoporosis (Lofman et al. 2005).

Moreover, femurs of the OVX rats showed eroded cavi-
ties with widened bone marrow spaces indicating increased 
bone resorption. The mean CBT and TBD % were both 
significantly decreased in OVX rats compared to SHAM 
rats as shown in Table 2 and Figure 1. These results are in 
accordance with Grassi et al. (2006) who linked E2 deficiency 
to an accelerated bone remodeling, where bone resorption 
outpaced bone formation. As well as Faitelson et al. (2012) 
reported that OVX rats develop endothelial dysfunction 
of microcirculation in bone tissue, leading to a significant 
deterioration in bone blood flow, which in turn leads to 

a thinning of bone trabeculae and micro-fractures in them, 
and therefore osteoporosis.

In our study, E2 supplementation in rats by a  dose 
0.5 mg/kg/day for 8weeks prevented the decrease in the 
plasma Ca 2+ and decreased bone markers compared with 
the OVX rats as shown in Table 1 and Figure 1 which is in 
accordance with studies done on OVX rats (Mukherjee et 
al. 2006) and postmenopausal women (Vural et al. 2006).
It is well established that activation of E2 receptors in 
osteoblasts induces their anabolic activities and reduces 
the pathway by which osteoblasts can activate osteoclasts 
(Lerner 2006). Also, E2 promotes its osteoprotective ef-
fect due to its antioxidant action (Padayatty et al. 2003). 
The enhanced effects of E2 supplementation are assured 
by the significant elevation of CBT and TBD as shown in 
Table 2 and Figure 1. 

In addition, our study revealed that there was a significant 
decrease in serum OPG level with significant increase in 
RANKL level together with significant decrease in OPG/
RANKL ratio as shown in Table 1 and there was significant 
increase in mRNA expression of RANKL with significant 
decrease in mRNA expression of OPG in the femur bone of 
non-treated OVX group when compared with control group 
as shown in Table 3. E2 supplementation showed a signifi-
cant increase in serum OPG with the decrease in RANKL 
together with a significant increase in OPG/RANKL ratio 
and this supported by a significant increase in OPG mRNA 
expression and a  significant decrease in RANKL mRNA 
expression when compared to the OVX non-treated group 
as shown in Table 1 and 3. These results suggest that E2 
may produce its anti-resorptive effect through increasing 
production of OPG, one of the local factors which mark-
edly inhibit bone resorption and osteoclasts differentiation. 
These results run parallel to that of Hashish et al. (2007). 
Also, it decreases the level of RANKL that can activate ma-
ture osteoclasts. These results are in agreement with that of 
Bord et al. (2003) who documented that human osteoblasts 
respond to low dose estrogen treatment with repression of 
RANKL while maintaining OPG expression support that 
modulating this mechanism may be a key in estrogen ef-
fects on osteoclast differentiation in human cells as well. 
The changes in the OPG/RANKL ratio are the direct effect 
of estrogen modulation on either or both gene expressions 
or through estrogen modulation of cytokines and other 
growth factors.

E2 binds to receptors on the osteoblasts and directly 
increases OPG production. The increase in OPG decreases 
the interaction of RANKL with RANK and consequently 
reduces osteoclastic bone resorption, so estrogen deficiency 
as seen in OVX rats leads to decrease in the production of 
OPG thus facilitates the RANKL-RANK ligand interaction 
and so facilitates the differentiation of the osteoclast precur-
sor into a mature osteoclast (Tulay 2015).
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The OVX rats received the ACEI, captopril, by a  dose 
5 mg/kg /day for 8 weeks showed a significant decrease in 
serum Ca 2+ and decrease in bone markers when compared 
with the OVX non-treated rats as shown in Table 1. This is in 
accordance with several studies (Rejnmark et al. 2006; Ghosh 
and Majumdar 2014) which revealed that the captopril has 
a  protective effect on the bone and that patients treated 
with ACEI showed an increase in bone mineral density and 
decrease in fracture risk.

This study revealed a  significant decrease in serum 
RANKL and non-significant change in serum OPG with 
a  significant increase in OPG/RANKL ratio in OVX rats 
treated with captopril as shown in Table 1. These results sup-
ported by a significant decrease in RANKL mRNA expres-
sion with non-significant increase in OPG mRNA expression 
when compared with OVX non-treated group as shown in 
Table 3. These results suggest that captopril may produce 
its bone protective effect by increasing OPG/RANKL ratio 
through decreasing RANKL mRNA expression. These results 
are similar to that of Shuai et al. (2015) who evidenced that 
the role of local RAS is related to bone mineral density in 
glucocorticoid-induced osteoporosis patients, and suggested 
that local RAS might influence OPG/RANKL signaling to 
modulate bone metabolism. Only one study showed that 
inhibition of the RAS caused non-significant changes in cir-
culating OPG levels in hypertensive patients (Oz et al. 2015). 
In addition, AngII significantly induced the expression of 
receptor activator of NF-κB ligand (RANKL) in osteoblasts, 
leading to the activation of osteoclasts, whereas these effects 
were completely blocked by an AngII type 1 receptor blocker 
(Kaneko et al. 2011) and Quantitative RT-PCR using RNA 
isolated from the tibia and femur of mice lacking the gene 
encoding the major Ang II receptor isoform, AngII type 1A 
receptor (AT1a) revealed that the OPG/RANKL ratio was 
increased (Gebru et al. 2013). While, in the contrary to the 
above mentioned beneficial effects of ACEI on the bone, 
several studies indicated that ACEI use did not change the 
rate and risk of fracture and even led to greater bone loss 
(Masunari et al. 2008; Kwok et al. 2012; Zhang et al. 2012; 
Kang et al. 2013). They explained the role of ACEI on the 
regulation of kinin-kallikrein system within which bradyki-
nin can stimulate bone resorption and reduce BMD (Zhang 
et al. 2012). Another possible reason comes from using differ-
ent types of the ACEI as they differ in their distribution and 
affinity for tissue-bound ACE (Morishita et al. 1993).

In the current study we showed that ACEI has more sig-
nificant effect on decreasing bone markers than E2 in OVX 
rats. This can be explained by a significant increase in OPG/
RANKL ratio in rats treated with captopril than E2 treated 
rats in spite of a significant increase in serum OPG levels 
in E2 treated group than captopril-treated group, but the 
decrease in RANKL level in captopril treated group is more 
than the increase in OPG level in the E2 treated group.

The limitation of our study is its short duration, as 8 weeks 
are not enough to detect the complications of estrogen and 
ACEI and comparing them. So we recommend doing further 
studies on more prolonged durations. 

Conclusion

In OVX rats, an altered modulation of the OPG/RANKL 
system resulting in increased RANKL and decreased OPG 
in peripheral blood, could contribute to the bone loss char-
acteristic and the generation of osteoporosis. Changes of 
ratio of OPG/RANKL induced by either E2 or ACEI might 
be a protective mechanism against the accelerated bone loss 
in OVX rats. Moreover ACEI treatment has more protective 
effect than E2 by its ability to increase OPG/RANKL ratio 
than E2 treatment, so we recommend ACEI for postmeno-
pausal females suffering from hypertension as a treatment of 
choice for its benefits in both hypertension and osteoporosis 
as they commonly coexist together.
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