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Abstract

Background: Introduction: Oxytocin (OT) has been proposed to assist in the regulation of bone remodeling
and to exert an antiosteoporotic effect. We evaluated the possible protective effect of OT against bone
degeneration in ovariectomized (OVX) rats.

Methods: The study was performed on three groups of adult female rats; group | was subjected to sham
operation, group Il was subjected to ovariectomy, and group Il was subjected to ovariectomy and
intraperitoneal injection with OT for eight successive weeks. At the end of the study, bone mass density
(BMD) was measured; then the rats were euthanized and their blood and bone tissues were examined.
Results: The group I rats had significantly less BMD and greater serum bone-specific alkaline phosphatase
(bALP), osteocalcin (OC), and tartrate-resistant acid phosphatase (TRAP) levels than the group | rats.
Furthermore, group Il rats had fewer osteocytes and osteoblasts, and less OPG/RANKL mRNA expression
than group | rats. The groups | and Ill and rats showed no significant differences in BMD, bALP, OC,

TRAP, OPG/RANKL mRNA expression, or osteocyte and osteoblast numbers.
Conclusions: Oxytocin may have an antiosteoporotic effect in OVX rats.
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Introduction

Osteoporosis is found worldwide; approximately
10% of the world’s population and 30% of post-
menopausal women suffer from the disease (1-2).
Osteoporosis is characterized by low bone mass
and disruption of bone microarchitecture (3), which
lead to fractures and impaired bone regeneration
(4). Despite the availability of many lines of
treatment, annual hip fracture rates due to
osteoporosis are expected to exceed six million by
2050 (5).

Oxytocin  (OT), a polypeptide hormone
synthesized in the supraoptic and paraventricular
nuclei of the hypothalamus, is secreted through
the posterior pituitary. Oxytocin is  well
recognized for its effects on parturition and
lactation and has recently been shown to be

involved in energy regulation and bone
homeostasis (6). Oxytocin  receptors are
represented in many tissues including pituitary,
ovary, testis, kidney, bone, muscle, pancreas, fat,
thymus, heart, and vascular endothelium (7).
Oxytocin has anabolic effects on bone, increasing
osteoblastic over osteoclastic activity (8). In mice,
OT receptors (OTRs) were found on osteoblasts
and osteoclasts; in addition, the anabolic effects of
estrogen on bone mass were partially mediated
through OT (9). Oxytocin- and OTR-null mice
suffered from severe osteoporosis with low bone
turnover (10), and the administration of OT
increased bone formation and improved bone
microarchitecture (8). Bone resorption was found
unaffected in OT deficiency because, while OT
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stimulates the genesis of osteoclasts, it inhibits their
resorptive function. Furthermore, OT is produced
by bone marrow osteoblasts and acts as paracrine-
autocrine regulator of bone formation modulated
by estrogens. In turn, the power of estrogen to
increase bone mass is OTR-dependent (11).

In humans, osteoporosis and reduced postero-
anterior and lateral spine bone density in
postmenopausal women were associated with
lower serum OT levels (12-13).

Bone remodeling is mediated by osteoblasts
and osteoclasts which maintain bone metabolic
balance and integrity. Many cytokines, including
receptor activators of nuclear factor kB ligand
(RANKL) and osteoprotegerin  (OPG), are
involved in regulating osteoblasts and osteoclasts;
of these, osteoblasts are one of the principal
sources of RANKL and OPG in bone tissues.
RANKL binds to the receptor activator of nuclear
factor kB (RANK), present in osteoclast precursor
membranes, inducing their differentiation through
the ultimate activation of transcription factor
NFATc-1, which modulates the expression of the
genes necessary for the formation of mature
osteoclast responsible for bone resorption.
Osteoprotegerin acts as a decoy receptor for
RANKL, thus blocking the possible interaction
between RANKL and its receptor RANK (14-16).

This work aimed to study the protective effect
of OT against OVX-induced bone loss through
assessing bone turnover markers and expression
of the two bone remodeling factors OPG and
RANKL in OVX adult female rats, to assess
serum OT levels, and to characterized the
relationship between serum OT and bone status.

Materials and methods

Animal preparation

Sixty 200-250 g 90-100-day-old adult female
Sprague-Dawley rats were maintained at room
temperature with natural light-dark cycle, and ad
libitum access to standard chow diet and tap
water. All animals were housed in groups of two
in 20x32x20 cm metal box cages. Animals were
maintained one week for accommodation. This
study was performed in accordance with the
guidelines of the University Animal Ethics and
approved by the Research Ethics Committee
considering care and use of laboratory animals
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(ethical ~ approval number:  SOH-IACUC-
17050308). Animals were obtained from the
animal facility, Sohag University, Egypt.

Experimental design and drugs

Rats were randomly divided into 3 groups (n= 20):
Group 1 rats were sham-operated. They had the
same incision as in ovariectomy, but the ovaries
were not excised. Group 1l (OVX) and group 1l
(OVX + OT) rats were bilaterally ovariectomized
through two dorsolateral skin incisions as
previously described. All rats were left for one
weeks for recovery from surgery (17); then rats of
group | and 1l were injected daily intraperitoneally
(IP) with 0.1 ml/kg/day NaCl 0.9% for eight
successive weeks. Group 1l rats were injected
daily were anesthetized by intraperitoneal
injection (IP) with OT (0.1 mg/kg/day) (18) for
eight successive weeks. All animals were injected
with cefiriaxone at a dose of 50 mg/kg immediately
before and 24 and 48h after surgery, with
postoperative care of the surgical incision.

BMD Measurement

Rats were anesthetized by IP injection of 40
mg/kg thiopental sodium and BMD was
measured in each rat’s right femur using a dual-
energy x-ray absorptiometry (DXA) machine
(Lunar iDXA machine). Measurements were
obtained by proning the mice with the knees
flexed and hips extended. Individual scans were
stored, and analyzed later.

Blood sample collection:

At the end of the study, all rats were
anesthetized and then euthanized. Two-three ml
of fresh blood were collected, incubated in a 37
°C water bath for 10 min, and centrifuged to
isolate the serum. The serum was stored at -20
°C until the time of biochemical analysis.

Bone turnover biochemical marker (bALP, OC,
and TRAP), estradiol, and OT assays

Commercially available ELIZA kits were
used for assay of DbALP (DALP-250,
BioAssay Systems, CA, USA), OC
(MBS728975), TRAP (MBS008723),
Estradiol (MBS843353) and OT (WKEA
Med. supplies, Changchun, China) assays.
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RNA extraction and quantitative real time PCR

The left femur of each animal was dissected,
rapidly placed in liquid nitrogen and bone tissues
were then ground into a powder using a pestle.
The total RNA was extracted from bone powder
using TRIzol® reagent and reverse transcribed to
cDNA using a High Capacity cDNA Reverse
Transcription Kit (#K0251; Thermoscientific,
Lithuania); according to  manufacturer's
instructions. The primers used were as shown in

Table 1. Products were amplified using a
Stepone™ real-time PCR apparatus (Applied
Biosystems™) under the following cycling
conditions: 95 °C denaturation step for 2 min
followed by 40 cycles of 95 °C for 15 sec, 60 °C
annealing and extension for 60 sec. The
housekeeping gene GAPDH was used to
normalize the quantities of the target genes. Data
were analyzed using comparative 22T method.

Table 1. Primers used for OPG and RANKL gene expression assay.

) . . Product
Gene Accession No. Forward primer Reverse primer
length
OPG NM_012870.2 GCCAACACTGATGGAGCAGAT  TCTTCATTCCCACCAACTGATG 85

RANKL XM_0087709282 GCTCACCTCACCATCAATGCT

GAPDH XM _ 0176048851 AAATTCCATGGCACCGTCAA

GGTACCAAGAGGACAGACTGACTTTA 70

AGGGATCTCGCTCCTGGAA 85

Histological study

At the end of the experiment, the left tibias from
all animals were examined by histology.
Proximal end of each tibia was surgically
removed with a very sharp blade and the tibias
were fixed, decalcified, and dehydrated. The
bone tissue was then processed to prepare 5-
mm thick paraffin sections with a microtome
(Leica RM 2035). All cut sections were stained
with hematoxylin and eosin (H&E) and the
stained samples were histologically examined
by light microscopy. Measurements were taken
using an image analyzer (Leica version
3.7.2005-2010). Osteoblasts and osteocytes
lining the endosteum were counted at 400X
magnification from three different locations on
each slide.

Statistical analyses

Data were analyzed using the SPSS version 20
software. Data are presented as means £ SD or
as R coefficients with associated p value.
Variables were assessed for normality using the
Shapiro-Wilk test. Data were also analyzed by
ANOVA followed by the least significant
difference (LSD) test. Pearson correlation
coefficients were used to investigate the

association  between OT  levels and
OPG/RANKL mRNA expression in rats of
groups Il and I11. P values less than 0.05 were
considered significant.

Results

BMD, biochemical markers of bone turnover
(bALP, OC and TRAP), OT and estradiol (E2)
Bone mass densities for all groups are shown
in Table 2. The BMD of group Il was
significantly less than those of groups | and
Il (p< 0.05). The difference between groups |
and 111 was not significant.

Serum E2 levels were significantly lower in
group 1l and 11l compared to group | (p< 0.05),
indicating the effectiveness of ovariectomy
procedure.

After nine weeks the group Il rats had greater
bALP, OC, and TRAP levels than the group |
rats and significantly greater bALP and TRAP
levels than the group Ill rats (p< 0.05). No
significant difference was observed for OC
between groups I and I1I.

Furthermore, OT levels were significantly less in
group 11 than in groups 1 and 111, and also significantly
less in group I than in group Il (p< 0.05).
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OPG/RANKL gene expression levels
OPG mRNA expression was significantly greater
in groups | and 111 than in group 11 (p< 0.05), while

RANKL mRNA expression was significantly
greater in group Il than in groups | and 111 (Tables
3and 4).

Table 2. Mean + SD of bone marrow density (gm/cm?) and serum bALP (ng/dl), osteocalcin (ng/ml), and oxytocin (ng/ml) in all groups of
the experiment determined by one-way ANOVA.

o (cra]r:%;)) LEham)  sroup 11 (OVX) (1=20)  Group 111 (OVX+OT) (n=20)
BMD (gmicn?)  0052+0001 _ 0.020 0,001 0.033% 0005 #

E2 (ng/L) 18+34 19+04* 18+03*

bALP(ngidl)  536+145 166.53+2.92% 56+ 6.047 #

OC (ng/ml) 065+ 0,037 136 +0.188* 07+0074%

TRAP (UIL) 10413 164+ 15 107+13#

OT (ng/ml) 28.96 + 4.14 1540 + 2,871 1208+ 25.4#

*Significant at p< 0.05, * Significant when compared with group | (sham), #Significant when compared with group 11

(OVX).

Table 3. Mean osteocyte and osteoblast number in rat tibia sections.

Group | (sham)

Group Il (OVX)

Group 111 (OVX +OT)

(n=20) (n=20) (n=20)
Osteocytes (cell/HPF) 43+4.027 6.4+0.96" 44+ 478"
Osteoblasts (cell/HPF) 214+1.71 45+0.71" 24.2 +2.65"

*Significant at p< 0.05, Significant when compared with group | (sham), #Significant when compared with group Il

(OVX), HPF: high power field.

Table 4. OPG and RANKL gene expression in rat bone tissue.

Group | (sham) Group Il (OVX) _
(n=20) (n=20) Group 111 (OVX+OT) (n=20)
OPG 1.04 +0.096 0.66 +£0.130 0.99 +0.159"
RANKL 1.05 +£0.08 3.25+0.390 134+0.2*

*Significant at p< 0.05, *Significant when compared with group | (sham), #Significant when compared with group 11 (OVX).

Relationship between OT and OPG/RANKL gene
expression levels.

A positive relationship was found between OT
and OPG gene expression in groups Il and 1l (R
= 0.56, p< 0.5), while a negative relationship was
found between OT and RANKL gene expression
in groups Il and 111 (R=- 0.658, p< 0.05).

Histological and morphometric study.

In the histological study, osteocytes were seen as
basophilic cells inside their lacunae in the bone
lamellae. Osteoblasts were relatively large and
their cytoplasm was heavily basophilic.
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Representative histological evidence of the bone
defect seen with H&E staining supported the
findings obtained by DXA and chemical assay.
Group 1l bone showed osteoporosis as loss of
normal bone architecture, and trabeculae that
were thin, reduced innumber and sometimes
fragmented and fractured. They are separated
with wide marrow spaces. A marked decrease in
the number of osteocytes was associated with
bone loss and appearance of cavities. The
numbers of both osteocytes and osteoblasts were
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significantly less in group Il than in groups | and arranged in regular pattern. Osteocytes were
11 (p< 0.05) (Figs. 1 and 2, and Table 3). apparent with large nuclei located inside lacunae

In group Il rats, the bone trabeculae, the group Ill osteoblasts were significantly
osteocytes and osteoblasts showed improvement. greater in number than those in group Il and
Trabecular bone appeared thicker than that of appeared cuboidal in shape. The matrix appeared
group Il. Thebone lamellae were mainly homogenous with small cavities (Fig. 3).

Fig.1. Photomicrograph of a section from a control rat (group 1) showing the outer part of the tibial cortex. The compact bone
tissue is well organized; osteocytes (Oc) inside the lacunae are shown in between the bone lamellae. Osteoblast (Ob) are seen in
the outer surface of the lamellae (H&E X 400).

Fig.2. Photomicrograph of a section from an ovariectomized rat (group 1) at the proximal end of the tibia showing cavities (C) in
the bone trabeculae near the medullary cavity. The osteocyte number has also decreased (H&E X 400).
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Fig. 3. Photomicrograph of a section from an ovariectomized and oxytocin-treated rat (group ill) at the proximal end of the tibia
showing the outer part of the bone. The cortex shows improvement and an increase in the humber of osteocytes (OC) and
osteoblasts (Ob). The matrix appeared homogenous with small cavities (C) (H&E X 400).

Discussion

The increase in human life expectancy has led to an
increase in age-associated problems. Osteoporosis
is considered a major public health priority by the
World Health Organization (WHO); however, we
lack adequate preventive measures for osteoporosis
complications, such as fragility fractures (19).

To mimic the natural condition occurring in
postmenopausal females, bilateral ovariectomy
was performed on adult female albino rats, an
animal model with symptoms similar to those of
early postmenopausal bone loss in humans (1).
This rat model has been widely used because of its
stability, reliability, high success rate, and
repeatability (20).

The study revealed lower BMD and greater
serum bALP, OC and TRAP in ovariectomized
rats than in those in the sham group. These
results agreed with previous studies that reported
elevated serum ALP, OC and TRAP levels in
post-menopausal females and ovariectomized
rats (21-23).

Histological examination of the group Il rats
bone showed that the bone lost its
normal architecture; the trabeculae became thin
and associated with almost no osteoblastic cover
with fewer number of osteocytes and osteoblasts
than in the group | rats. Previous studies reported
similar changes in OVX rats bones (24-26).
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The bone tissue OPG mRNA expression in the
OVX group in this study was significantly less than
that in the sham group. This change was positively
correlated with the serum OT concentration,
suggesting that rat femur OPG mRNA expression
may be related to changes in serum OT
concentration. On the other hand, RANKL mRNA
expression in OVX group femurs was significantly
greater than that in the sham group. A negative
correlation was seen between RANKL mRNA and
OT levels in groups Il and 11l rats. These results
were in agreement with those of previous studies
(20, 23). OPG and RANKL proteins are thought to
influence postmenopausal osteoporosis; RANKL
stimulates osteoclast differentiation, while OPG
acts as a decoy receptor for RANKL, thus down-
regulating RANKL signaling through RANK and
acting as an inhibitor of bone resorption (27).

Transcription of the OT and OTR genes is
under the control of estrogens; therefore, as
estrogen is decreased in OVX rats, as well as in
postmenopausal women, OT levels are lowered as
a consequence (13). It is postulated that the
anabolic action of estrogen in mice occurs, at least
in part, through an autocrine feed-forward
OT/OTR loop exists in which estrogen releases OT
from osteoblasts, which then acts upon osteoblastic
OTRs to further amplify estrogen action (11). The
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bone loss in group 1l rats may be attributed to lack
of inhibiting activity of estrogen on osteoclasts and
to lack of its stimulating action on osteoblasts. This
bone resorption is followed by some increase in
bone formation to try to fill the high number of
resorption cavities (28).

To examine the potential ability of OT to
protect against bone loss induced by ovariectomy
in female rats, OT treatment was started one week
after OVX and continued for eight successive
weeks in the group Il rats. To evaluate bone
condition before the start of OT treatment, BMD
and serum bALP and OC were measured. These
parameters were not significantly different in
groups | and Ill. This indicates that OV X-induced
bone loss did not occur, while dramatic bone loss
was seen in the ovariectomized group by two
weeks. At the end of the experiment, BMD and
serum bALP, OC, and TRAP were not
significantly different between groups 1 and 1.

Histological examination at the end of the
experiment showed normal bone architecture, as
demonstrated by apparent maintained thickness of
the bone trabecular with fewer cavitation in group
I11. In addition, osteocytes and osteoblasts numbers
were not significantly different in groups 1 and IlI,
while fewer of these cells were observed in group
Il than in groups 1 and III.

Rat bone tissue OPG and RANKL mRNA
expression in bone in group 111 rats demonstrated
that OT treatment directed expression of these
genes back toward normal levels.

The mechanism that may be involved in
skeletal recovery by OT was demonstrated by
others. Oxytocin might exert its action by
improving potential osteogenic differentiation of
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