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Abstract

Osteoporosis increases bone fragility and fractures. Preptin hormone is regulated by moderate exercise training and increases
bone formation. Therefore, this study was conducted to see how estradiol administration and moderate exercise training
affected osteoporotic changes in ovariectomized (OVX) rats. To achieve this aim, 36 healthy adult female Wistar albino rats
were randomized into Sham, OVX, ovariectomized estradiol-treated (OVX +E) (OVX +E rats were treated using subcu-
taneous estradiol benzoate 2.5 pg/kg body weight/day), ovariectomized practicing moderate exercise training, ovariecto-
mized estradiol-treated and practiced a moderate exercise training, and ovariectomized alendronate-treated (OVX + Alen)
(OVX + Alen rats were treated orally with alendronate 3 mg/kg body weight/week) groups. Alendronate was used as a stand-
ard anti-osteoporotic drug. Moderate exercise training, including therapy with estradiol and alendronate for OVX rats began
on the fourth week and lasted for six weeks. Results showed that OVX rats had estrogen and preptin deficiency in serum.
These deficiencies were associated with a significant increase in bone resorption biomarkers (urinary deoxypyridinoline and
hydroxyproline), and bone formation biomarkers (serum osteocalcin and bone-specific alkaline phosphatase). Also, serum
pro-inflammatory cytokines (tumor necrosis factor alpha and interleukin-6) were increased, while bone osteopontin (OPN)
expression was decreased. Subsequently, the osteoporotic alterations were verified based on histopathological changes. From
the results, estradiol therapy and moderate exercise training significantly improved these findings to the same extent as that of
the standard alendronate treatment. Therefore, through their anti-inflammatory properties, increasing bone OPN expression,
and regulating serum preptin; estradiol therapy and moderate exercise training can reduce osteoporotic alterations in OVX
rats. Thus, combined estradiol therapy and moderate exercise training could be a promising potential therapeutic protocol
to reduce postmenopausal osteoporosis. Also, targeting serum preptin and bone osteopontin regulation could have a critical
role in the treatment of postmenopausal osteoporosis.
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Introduction

Bone remodeling, a regulated balance between osteoblas-
tic bone production and osteoclastic bone resorption, is
essential for maintaining skeletal mechanical integrity
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(Ducy et al. 2000). Bone loss occurs when bone resorp-
tion outpaces bone production, thereby resulting in osteo-
porosis. Osteoporosis is a metabolic bone disease linked
with increased bone fragility and fractures (Byun and Lee
2010). Osteoporosis is more frequent in women owing
to menopausal ovarian dysfunction (Stachenfeld 2014)
that is manifested by an estrogen shortage, a decrease
in bone mineral content, and bone microarchitecture
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disarrangement (Abu Taleb et al. 2020). Therefore,
because of increased life expectancy, postmenopausal
osteoporosis is becoming more common (Heilmeier et al.
2016). Although estrogen therapy is widely used as a pro-
phylactic and therapeutic method for postmenopausal oste-
oporosis (Da Paz et al. 2001), yet, as a drug, there is evi-
dence for adverse effects of its use as venous thrombosis
(Bergendal et al. 2016). Thus, it will be interesting to find
an alternative to estrogen therapy with minimal hazards,
or at least a combination of such alternative with estrogen
treatment that can minimize its hazards and get use of its
benefits. Exercise is considered an inexpensive and safe
non-drug treatment strategy to protect musculoskeletal
health and prevent fractures (Daly et al. 2019). Sun et al.
(2015) stated that exercise has positive effects on bone
morphology, mass, and strength. Chen et al. (2008) noticed
that osteoclasts and osteoblasts respond to mechanical
stimuli with increased alkaline phosphatase release by
osteoblasts. Suzuki et al. (2008) reported that exercise
inhibits osteoclast differentiation, and bone resorption.
Miiller et al. (2018) reported that ovariectomy-induced
estrogen deficiency decreased movement drive that is ame-
liorated with estrogen treatment. Also, Lee et al. (2003)
detected that disturbance of estrogen signaling impaired
skeletal response to mechanical strain. In addition, Yar-
row et al. (2012) observed that ovariectomy decreased
exercise-induced bone remodeling during recovery from
disuse. Alendronate is a bisphosphonate that inhibits bone
loss by inhibiting osteoclastic bone resorption (Kanis et al.
1995). Preptin is a 34-amino-acid peptide hormone that is
produced from the pancreas, kidneys, breast tissues, and
salivary glands (Aydin et al. 2013). A study showed that
preptin has an anabolic impact on bone growth (Xiao et al.
2019). In another study, preptin was also shown to possess
in vitro osteoblastic proliferative and in vivo bone miner-
alization effects (Cornish et al. 2007). Furthermore, serum
preptin levels were shown to be low in individuals with
osteoporosis and osteopenia (Li et al. 2013). In contrast,
Tomeleri et al. (2016) found that moderate exercise train-
ing raised preptin serum levels. Nazari Soltan Aahmad
et al. (2018) also reported a positive correlation between
blood preptin levels and bone formation indicators. Mier-
zwicka et al. (2018) reported a significant increase in
serum preptin level in women with polycystic ovary syn-
drome, without a significant correlation between serum
levels of both preptin and estradiol. On the other hand, no
study has investigated changes in serum preptin levels in
ovariectomized (OVX) rats. Thus, this study was designed
to investigate changes in serum level of preptin with ova-
riectomy and to identify the effect of estradiol treatment
and moderate exercise training on osteoporotic changes in

OVX rats. Results were then compared with alendronate
as a standard treatment of osteoporosis.

Materials and methods

Thirty-six healthy, adult female Wistar albino rats weigh-
ing 150-190 g, were obtained from the Animal House,
Faculty of Veterinary Medicine, Zagazig University. They
were kept under hygienic conditions in steel wire cages
(50%x30x%20 cm), six rats per cage, and acclimatized on an
ordinary diet obtained from the Zagazig College of Agri-
culture for two weeks before starting the experiment. Dur-
ing this period, all animals had free access to water, and
maintained at a comfortable temperature (20 °C-24 °C)
under normal light—dark cycles. In addition, the rats were
monitored for estrous cyclicity by daily vaginal cytology,
and only rats with at least two consecutive regular four-day
estrous cycles were used. The Physiology Department Com-
mittee and the Institutional Animal Care and Use Commit-
tee, Zagazig University (ZU-IACUC/3/F/16/2021) approved
the experimental protocol used for this study.

The experimental design

Following an accommodation phase, 36 female rats were
randomized by simple random sampling (Taherdoost
2016) into six equal groups (n=6). Group 1 was the sham-
operated (Sham) group. Group 2 was OVX. Group 3 was
OVX estradiol-treated (OVX +E), in which OVX rats were
treated using subcutaneous injections of estradiol benzo-
ate (2.5 pg/kg body weight/day) dissolved in sesame oil
(Heather and Karen 2002). Group 4 was OVX practicing
moderate exercise training (OVX + Ex). Group 5 was OVX
estradiol-treated (as in the OVX +E group) that practiced
moderate exercise training (as in the OVX +Ex group)
(OVX +E +Ex). Group 6 was OVX alendronate-treated
(OVX + Alen), in which OVX rats were treated orally with
the standard anti-osteoporotic drug; alendronate, using
single weekly oral gavage (3 mg/kg body weight) (Pytlik
et al. 2004) dissolved in saline (Salazar et al. 2015). Exer-
cise training and therapy with estradiol and alendronate for
OVX rats began on the fourth week and lasted for six weeks.
Rats in the Sham, OVX, OVX +Ex and OVX + Alen groups
were injected subcutaneously with 0.1 ml sesame oil/rat/day
for six weeks starting from the fourth week. Also, animals
in the Sham, OVX, OVX+E, OVX +Ex and OVX +E + Ex
groups were given saline (1 ml/rat/week) orally for the last
six weeks. To ensure that most of the sex hormone residues
were cleared, OVX rats were kept for three weeks after sur-
gery (Mustafa et al. 2018). Estradiol benzoate was purchased
from Sigma-Aldrich, USA (catalog No. 1251000). Alen-
dronate (Fosamax®, Merck Sharp and Dohme Company,
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Table 1 Experimental design

Group Sham OovX OVX+E OVX+Ex OVX+E+Ex OVX +Alen
Parameter

Number of rats 6 6 6 6 6

Duration (weeks) 9 9 9 9 9
Ovariectomy v v 4 v v

Estradiol (2.5 pg/kg/day) s.c. for the last 6 weeks v v

Moderate swimming exercise for last 6 weeks v v

Alendronate (3 mg/kg/ week) orally for last 6 weeks v

Sesame oil (0.1 ml/rat/day) s.c. for last 6 weeks v v v v

Saline (1 ml/rat/week) orally for last 6 weeks v v v v v

Sham sham-operated, OVX ovariectomized, OVX + E ovariectomized estradiol-treated, OVX + Ex ovariectomized exercised, OVX + E + Ex ova-
riectomized estradiol-treated and exercised, OVX + Alen ovariectomized alendronate-treated, s.c. subcutaneously

Italy) was obtained as tablets, each containing 70 mg alen-
dronate sodium Table 1.

The ovariectomy procedure

After overnight fasting, rats were anesthetized with urethane
(1200 mg/kg intramuscularly) (Miller and Wiegman 1977)
and attached to an operating table. Then, bilateral ovariec-
tomy was done by making two dorsolateral incisions with
sharp dissecting scissors. Skin and dorsal muscles were also
sliced, thereby allowing access to the peritoneal cavity. Sub-
sequently, the uterine horn was removed in addition to the
fatty tissue around the ovary. Next, artery forceps were used
to clamp the link between the fallopian tube and uterine
horn; then, an incision was conducted under the clamped
region to remove the ovary (Lasota and Danowska-Klonow-
ska 1995). Finally, the viscera was restored, and the abdomi-
nal wall was reconstructed with a catgut thread, followed by
sterile silk sutures to seal the skin incisions. Tincture iodine
antiseptic solution was also applied locally on the skin at
both sites of operation. Moreover, gentamicin (intramuscu-
larly 5 mg/kg for five days) for reducing the risk of skin
infection after suturing was applied as well (Popovi¢ et al.
2016). Similarly, a sham operation was performed where the
ovaries were exposed but not removed. After surgery, rats
were housed individually for some hours to allow recovery,
then re-grouped in their home cages. Then, hormonal sta-
tus was assessed after ovariectomy by daily vaginal smears
obtained at ~ 8 am. Rats whose vaginal smears indicated that
the rat exhibited constant leukocytes confirmed the success
of the ovariectomy procedure (Turkozan et al. 2009).

Moderate swimming exercise program
In the exercised groups (OVX +Ex and OVX +E 4+ Ex), for

the last six weeks, rats were subjected to swimming at a
moderate intensity in a cylindrical tank (80-cm high and
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45-cm diameter). This tank was filled with 32 °C-35 °C tem-
perature of water at a depth of 45-cm deep. The swimming
duration was for one hour daily, five days per week (Silva
et al. 2012). The swimming period for rats was originally
15 min daily, then we gradually extended the duration until
the rats exercised for one hour per day, which they did at the
end of the first week of training (Feng et al. 2019). There-
fore, the exercise was practiced between 9.00-10.00 am. At
the end of each exercise session, rats were kept to dry in a
warm environment (Rohling et al. 2016).

24-h urine collection

Each rat was housed in a unique metallic cage with a per-
forated plate form for 24 h before scarification to calculate
urine production from 8 to 8 am the next day. For the urine
collection, a glass funnel was attached to the region of each
cage’s plate form, after which urine was channeled through
it to a collecting bottle. Urine samples were collected in
dry test tubes and maintained at — 20 °C until analysis for
hydroxyproline and deoxypyridinoline (DPD) levels (Gallo
et al. 2005).

Collection of samples

All rats were weighed at the end of the experiment to deter-
mine their final body mass indices (BMlIs) in g/cm?* accord-
ing to Novelli et al. (2007). Then, venous blood samples
were collected under thiopental (50 mg/kg) anesthesia
(Kanjana et al. 2013) from the rat’s tail vein (Abu Taleb
et al. 2020). The blood samples were incubated at 37 °C for
10 min to clot. Then, they were centrifuged at 12,000 rpm
for 15 min to separate the serum. The separated serum was
then kept frozen at —80 °C until biochemical analysis. Sub-
sequently, the rats were decapitated, and their uterine horns
were dissected and weighed. Also, femur bones were dis-
sected and processed for histological inspection.
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Determination of bone turnover biomarkers

These biomarkers are considered useful tools for estimat-
ing the rate of osteoporosis that is related to bone loss. In
addition, they monitor the effectiveness of anti-resorptive
therapies in osteoporosis. They are also used due to their
high specificity and sensitivity during clinical tests (Stav-
ropoulou et al. 2005). Bone formation was investigated
by measuring serum osteocalcin and bone-specific alka-
line phosphatase (BsALP), whereas bone resorption was
assessed by measuring urinary hydroxyproline and DPD
levels. DPD is a cross-linked collagen in the bone that is
excreted in urine with collagen by osteoclastic activity
(Byun and Lee 2010). Urinary creatinine levels were also
used to adjust DPD values for variations in urine volumes.
Results are expressed in nanomoles of DPD per millimole
of creatinine to avoid the possible influence of glomerular
filtration rates (Byun and Lee 2010). From Mybiosource.
com (USA), commercial kits were purchased to assess serum
BsALP (Catalog No. MBS700986), serum interleukin-6 (IL-
6, Catalog No. MBS726707), serum estradiol (Catalog No.
MBS843353), urinary DPD (Catalog No. MBS043935), and
urinary hydroxyproline (Catalog No. MBS017427). Also,
commercial ELISA kits were used to measure serum lev-
els of osteocalcin (Novus Biologicals, LLC, USA, Catalog
No. NBP2-68,153), TNFa (abcam.com, UK, Catalog No.
ab46070), and preptin (antibodies-online, USA, Catalog No.
ABIN5696558).

Femur histopathology

After the rats were sacrificed, all femurs were immediately
sampled, cut and fixed in 10% formol saline solution. Then,
the upper parts and shafts of the bones were decalcified
using EDTA. The samples embedded in paraffin were sub-
sequently sliced into 6-pm sections and processed for stain-
ing as follows:

e Hematoxylin—Eosin (H&E) according to Bancroft and
Stevens (2013). To demonstrate basic structure.

e Immunohistochemical osteopontin (OPN, bone remod-
eling biomarker) staining of femur specimens: Bone
sections were incubated in a rabbit anti-OPN polyclonal
antibody (Calbiochem, San Diego, CA, USA). OPN
immunoreactivity appeared positive in cement lines,
osteoblasts, osteocytes, and the bone matrix. Next, pri-
mary antibodies were replaced with a buffer solution to
get negative control sections, whereas the osteosarcoma
specimen was used as a positive control (Singh et al.
2018).

Bone histomorphometry

Using an image analyzer (Leica Qwin 500 image analyzer
computer system) at the Anatomy and Embryology Depart-
ment, Faculty of Medicine, Zagazig University, each section
that was stained with H&E, including the cortical thickness
(um) and trabecular bone thickness (um), was measured
using a quantitative image analysis system in random micro-
scopic areas under 100 high-power fields. Ten readings were
obtained for each specimen, five on the lateral and five on
the medial cortical bone according to Kim et al. (2003).
Then, to measure the mean thickness of the outer cortical
bone of the middle shaft of the femur, perpendicular lines
were drawn from the periosteum to the endosteum at many
sites (Surve et al. 2001). Subsequently, the area percentage
of the positive OPN immune-staining was obtained from
OPN immune-stained slides.

Statistical analysis

The obtained data were analyzed by computer using IBM
Statistical Package for Social Sciences (SPSS) Statistics,
Version 25 Software for Windows (Ibm 2017). The Shap-
iro—Wilk test was used to examine the variance homogeneity
and distribution properties of variables. Data were described
using mean and standard deviation (SD) as they were nor-
mally distributed. One-way analysis of variance (ANOVA)
and Tukey HSD for post hoc multiple comparisons were
employed to test differences between groups, as the vari-
ances were equal. P value <0.05 was considered significant.

Results
Final body weight (g) in different studied groups

A significant (P <0.005) increase was observed in the final
body weight values of the OVX, OVX +E, OVX +Ex,
OVX+E+Ex, and OVX + Alen groups compared with the
Sham group. However, compared with the OVX group, a sig-
nificant (P < 0.005) decrease was detected in the final body
weight values in the OVX +E, OVX +Ex, and OVX+E+Ex
groups, with a significant increase (P <0.005) in that of
OVX + Alen group. Also, in comparison to the OVX +Ex
group, a significant (P <0.005) decrease was observed in the
final body weight values of the OVX +E + Ex group, with a
significant increase (P <0.005) in that of OVX + Alen group.
In addition, a significant (P < 0.005) increase was observed
in the final body weight values of the OVX + Alen group
when compared with the OVX +E + Ex group Table 2.
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Table 2 Biochemical changes among different studied groups

Group Sham OovX OVX+E OVX+Ex OVX+E+Ex OVX+Alen

Parameter

Final BMI (g/cm?) 0.55+0.03 0.65 +0.04* 0.6+0.01° 0.59+0.02° 0.58 +£0.03° 0.55+0.03°

Relative uterine weight (g/100 g 0.79+0.02 0.31+0.02*  0.62+0.004*®  0.57+£0.01*°¢  0.66+0.01*>%¢ .74 +0.012>cde
body weight)

Serum osteocalcin (nmol/L) 9.27+0.09 13.7+0.3*  10.13+£0.12*°  11.97+0.14*>¢  9.940.17%>¢ 10.06 +0.09%5¢

Serum BsALP (U/L) 17.37+0.1 35.19+1.02%  2034+1.12%°  24.11+0.68*>¢ 18.85+0.76%>¢  20.63 +0.6%>d¢

Urine DPD (nmol/mmol creati- 149.17+3.43  218.67+3.01°  161+3.74*® 179.67+2.58*%¢ 156+ 17 +3.06*>4 155.33 +3.14%0¢d
nine)

Urine hydroxyproline (mg/dl) 13.37+£026  29.18+0.64*  15.31+0.24*°  20.31+0.44*>° 14.87+0.15%4 14.78 +£0.36"¢

Serum TNFa (pg/ml) 1.67£0.07  20.77+0.38  10.4+0.28*® 11.33+0.16%° 8.95+0.18*>%¢  10.87 +0.19%Dcde

Serum IL-6 (pg/ml) 1.3+£0.06 15240.090  9.39+0.09*° 10.02+0.13*%¢  84+0.09%>¢  10.13£0.06>P<¢

Serum estradiol (pg/ml) 27.86+0.52  13.55+0.69° 24.9240.5%°  17.75+0.64%%¢  26.1+£0.75%>cd 18.62+0.5%b<¢

Serum preptin (pg/ml) 329.17+10.48 159.83+8.47% 260.67+9.52*° 231.5+7.58*° 286.5+8.98*4 229.5+5.17%b¢

Data were expressed as Mean+SD. BMI body mass index, BSALP bone-specific alkaline phosphatase, DPD deoxypyridinoline, TNFa tumor
necrosis factor alpha, /L-6 interleukin-6, Sham sham-operated, OVX ovariectomized, OVX + E ovariectomized and estradiol-treated, OVX + Ex
ovariectomized and exercised, OVX + E + Ex ovariectomized estradiol-treated and exercised, OVX + Alen ovariectomized and alendronate-treated
4P <0.05 in comparison to Sham group ®P <0.05 in comparison to OVX group °P<0.05 in comparison to OVX +E group P <0.05 in compari-
son to OVX +Ex group °P <0.05 in comparison to OVX +E+Ex group

Final BMI changes among the different groups

A significant (P <0.005) increase was observed in the final
BMI values of the OVX group compared with the Sham group.
Also, there was a significant increase (P <0.005) in final BMI
values of OVX + Alen group in comparison to that of all
groups. However, compared with the OVX group, a significant
(P <0.005) decrease was detected in the final BMI values in
the OVX +E, OVX +Ex, and OVX +E +Ex group Table 2.

Relative uterine weight changes
among the different groups

A significant (P <0.005) decrease was observed in the relative
uterine weights of all OVX groups compared with the Sham
group. However, compared with the OVX group, a signifi-
cant (P <0.005) increase was detected in their relative uter-
ine weights in the OVX +E, OVX+Ex, OVX+E+Ex, and
OVX+ Alen groups. Furthermore, rats in the OVX +E +Ex
group showed significantly (P <0.005) increased relative
uterine weights compared with both OVX +E and OVX +Ex
groups. As reported, a significant (P <0.005) increase in the
relative uterine weight of the OVX + Alen group compared
with the OVX +E +Ex group was observed Table 2.

Changes in bone biomarkers [serum (osteocalcin
& BsALP) and urine (DPD & hydroxyproline)]
among the different groups

A significant (P <0.005) increase was observed in the bone
biomarkers of all OVX groups compared with the Sham
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group. In contrast, compared with the OVX group, a sig-
nificant (P <0.005) decrease was detected in the bone bio-
markers in the OVX +E, OVX + Ex, OVX+E+Ex, and
OVX+ Alen groups. Results also showed that OVX +E +Ex
significantly (P <0.005) decreased serum BSALP levels
compared with both OVX +E and OVX + Ex. Moreover, a
significant (P <0.005) increase was observed as well in the
serum BsSALP levels of the OVX + Alen group compared
with the OVX +E 4 Ex group Table 2.

Changes in serum pro-inflammatory cytokines
(TNFa and IL-6) among the different groups

A significant (P <0.005) increase was observed in TNFa
and IL-6 serum levels in all OVX groups compared with the
Sham group. However, compared with the OVX group, a sig-
nificant (P < 0.005) decrease was detected in TNFa and IL-6
serum levels of the OVX+E, OVX +Ex, OVX+E+Ex, and
OVX + Alen groups. Furthermore, OVX +E + Ex signifi-
cantly (P <0.005) decreased TNFa and IL-6 serum levels
compared with OVX +E and OVX +Ex. Moreover, a sig-
nificant (P <0.005) increase was observed in the TNFa and
IL-6 serum levels in the OVX 4 Alen group compared with
that of the OVX + E + Ex group Table 2.

Changes in estradiol and preptin serum levels
among the different groups

A significant (P <0.005) decrease was observed in the estra-
diol and preptin serum levels of OVX group compared with
the Sham group. However, compared with the OVX group,
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a significant (P < 0.005) increase was detected in estradiol
serum levels of the OVX +E, and OVX +E + Ex groups.

Also, a significant increase (P <0.005) in serum preptin
level was observed in OVX +E, OVX +Ex, OVX +E+EXx,
and OVX + Alen groups in comparison to OVX group Table
2.

Histopathological results

H&E

Sections of the sham group showed normal cortical femur
bone appearance as the outer layer formed with the peri-
osteum, and the appearance of a subperiosteal bone forma-
tion. Furthermore, the compact bone revealed circumfer-
ential lamella, including osteocytes within their lacunae.
Also, the endosteum was lined with osteoblasts (Fig. 1a,
b). The bone trabeculae appeared thick with the bone
marrow between them which is lined by endosteum with
cuboidal osteoblast. In contrast, the bone matrix appeared
homogenous with osteocytes inside their lacunae (Fig. lc,
d). The cortical bone in the femur of the OVX group also
showed a decrease in cortical bone thickness with the
appearance of osteoporotic cavities having granulation
tissues inside them, and multinucleated osteoclasts hav-
ing acidophilic cytoplasm near the cavities. Furthermore,
the periosteum appeared thick and irregular (Fig. 2a, b).
The bone trabeculae also appeared thin and interrupted
with wide bone marrow cavities between them as well

Fig. 1 Photomicrograph of a rat
femur. a, b from the sham group
femur cortex appears with outer
periosteal layer (P), subperi-
osteal basophilic line (arrow-
head), circumferential lamella
(tailed arrow) with osteocytes
(O) inside their lacunae (green
arrow) and inner lamellae
(green tailed arrow) also appear.
endosteum appears lined with
osteoblast (green arrowhead). c,
d sham group femur trabeculae
appear with thick bone trabecu-
lae (Bt), bone marrow (Bm)

is lined with endosteum (E)
with cuboidal osteoblast (green
arrowhead) (H&E x100&400)

with faint stained matrix, bone marrow lined by endosteum
with few osteoblast cells and shows dense fat deposition
(Fig. 2¢, d). Additionally, the femur shaft of the OVX +E
group appeared to show a thin fibrous periosteum with thin
bone depositions under its surface. However, the cortical
bone exhibited small osteoporotic cavities and many large
and empty lacunae. Osteocytes also appeared inside their
lacunae with deposition of cement around them (Fig. 3a,
b). As shown, the OVX +E group also revealed restora-
tion of bone trabeculae with many osteocytes within their
lacunae, and wide bone marrow cavities between the
bone trabeculae (Fig. 3c, d). Longitudinal sections of the
femur shaft of the OVX + EX group exhibited thin fibrous
periosteum as well, with irregular bone depositions under
its surface. Furthermore, the cortical bone showed many
osteoporotic cavities, with a deposition of cement around
the lacunae of osteocytes (Fig. 4a, b). A transverse sec-
tion from rat femurs of the same group had thin bone tra-
beculae with wide bone marrow cavities between them.
Additionally, bone trabeculae showed few osteoblasts lined
the endosteum (Fig. 4c, d). Most of those changes were
lesser in the OVX + E + EX group, as the longitudinal sec-
tion of rat femurs showed thinning of the outer layer of
the periosteum with basophilic subperiosteal depositions.
Moreover, the compact bone that appeared had circum-
ferential lamellae and osteocytes that were inside their
lacunae, with cement deposition arranged around them
(Fig. 5a, b). Besides, bone trabeculae of the OVX +E+EX
group restored their thickness (Fig. 5c, d). Likewise, the
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Fig.2 Photomicrograph of a rat
femur. a, b OVX group femur
cortex, shows periosteum (P)
with periosteal irregularities
(thick arrow) and some empty
lacunae (zigzag arrow). Some
osteoporotic cavities (arrow)
appear having granulation tis-
sues inside them, and multinu-
cleated osteoclast (blue arrow
in inset magnification X 1000)
having acidophilic cytoplasm
appears near the cavities. c,

d OVX femur trabeculae (Bt)
appeared thin and interrupted
with wide bone marrow (Bm)
cavities between them as well
with faint stained matrix (blue
tailed arrow), bone marrow is
lined by endosteum (E) with
few osteoblast cells (green
arrowhead) and shows dense fat
deposition (blue asterisk) (H&E
x100,400,1000)

ot
-"\‘E’w&’& |

Fig. 3 Photomicrograph of a rat
femur. a, b from the OVX+E
group femur cortex, shows thin
fibrous periosteum (P) with thin
subperiosteal bone deposition
(arrowhead).the cortical bone
exhibits small osteoporotic cavi-
ties (asterisk), empty lacunae
(arrow), some osteocytes(O)
appear within their lacunae with
cement around them (green
arrow). ¢, d OVX +E group
femur trabeculae show restora-
tion of bone trabeculae (Bt) and
bone marrow (Bm) is lined with
endosteum (E) with osteoblasts
(green arrowhead) (H&E x100
&400)

OVX + Alen group femur showed some osteoporotic cavi-  Immunohistochemical results

ties within its cortical bone, with few osteoblasts lining the

endosteum (Fig. 6a, b). Transverse sections from rat femur ~ From the sham group, results revealed marked OPN
of the OVX + Alen group exhibited well-formed bone tra-  expression in the bone matrix (Fig. 7a), whereas the
beculae (Fig. 6¢, d). OVX group showed a marked decreased OPN expression
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Fig.4 Photomicrograph of a rat
femur a, b the OVX + Ex group
femur cortex, shows fibrous
periosteum (P) with irregular
subperiosteal bone deposition
(arrowhead). Small osteoporotic
cavities (asterisk) appear within
cortical bone and osteocytes
(O) within their lacunae with
cement around them (green
arrow). ¢, d OVX +Ex femur
trabeculae show thin bone
trabeculae (Bt), with wide bone
marrow cavities (Bm) between
them. Additionally, bone
trabeculae showed few osteo-
blasts (green arrowhead) lined
the endosteum (E) and have
multiple fat cells (blue asterisk)
within bone marrow cavities
(H&E x 100,400)

Fig.5 Photomicrograph of

a rat femur. a, b from the
OVX+E+EX group femur
cortex shows thinning of the
outer layer of the periosteum
(P) with basophilic subperi-
osteal depositions (arrowhead).
Moreover, the compact bone has
circumferential lamellae (tailed
arrow) and osteocytes (O) that
were inside their lacunae, with
cement deposition arranged
around them (green arrow)

and few small osteoporotic
cavities (asterisk) appear. ¢, d
OVX+E+EX group femur
trabeculae, appear with thick
bone trabeculae (Bt), bone
marrow (Bm) is lined with
endosteum (E) with cuboidal
osteoblast (green arrowhead)
(H&E x100&400)

with the appearance of an osteoporotic cavity (Fig. 7b).  within the cortical bone of the OVX + E + Ex group
Furthermore, the OVX + E group showed moderate OPN  (Fig. 8b). In contrast, the OVX + Alen group showed
expression (Fig. 7c). However, although the OVX +Ex  moderate OPN expression (Fig. 8c).

group showed a mild increase in OPN expression

(Fig. 8a), OPN expression showed a marked increase
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Fig.6 Photomicrograph of a rat
femur a, b OVX + Alen group
femur cortex, group femur cor-
tex shows thin outer periosteum
(P) with basophilic subperi-
osteal depositions (arrowhead).
Moreover, the compact bone
that appeared had circumferen-
tial lamellae (tailed arrow) and
osteocytes (O) that were inside
their lacunae, with cement dep-
osition arranged around them
(green arrow) and few small
osteoporotic cavities (asterisk)
appear. ¢, d OVX + Alen femur
trabeculae, appear with thick
bone trabeculae (Bt), bone
marrow (Bm) is lined with
endosteum (E) with cuboidal
osteoblast (green arrowhead)
(H&E x100&400)

Fig. 7 Photomicrograph of
osteopontin immune-stained
femur sections. a Sham group, b
OVX group, ¢ OVX+E group.
Osteoporotic cavity (asterisk),
positive expression of osteopon-
tin (tailed arrow) (OPN %400)

Morphometric results

Results showed a significant decrease in the thickness of
both cortical and trabecular bones of the OVX group com-
pared with that of the sham group. Moreover, compared

@ Springer

with the OVX group, including OVX+E, OVX + Ex,
OVX +E+Ex, and OVX + Alen, results only showed a sig-
nificant increase in cortical bone thickness. Furthermore, the
increased thickness of the trabecular bone in both OVX +E
and OVX +Ex groups was non-significant compared with
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Fig.8 Photomicrograph of
osteopontin immune-stained a
femur sections. a OVX +Ex

group, b OVX +E+Ex group,

and ¢ OVX + Alen group.

Osteoporotic cavity (asterisk),

positive expression of osteopon-

tin (tailed arrow) (OPN x400)

that of the OVX group (Table 3). The area percentage of
OPN expression within the bone matrix of the femur cor-
tical bone also showed a significant decrease in the OVX
group compared with that of the sham group. However, com-
pared with the OVX group, including OVX +E, OVX +EXx,
OVX+E+EX, and the OVX + Alen groups, results showed
a significant increase in the area percentage of OPN expres-
sion within the bone matrix of the femur cortical bone.
Likewise, OPN expression of OVX +E+EX showed a sig-
nificant increase than that of OVX+E and OVX +EX and
was non-significant compared with OVX + Alen (Table 3).

Discussion

In this study, OVX rat models were used to simulate post-
menopausal changes in females. Results declared that com-
bined estradiol treatments and exercise training significantly
improved the osteoporotic changes observed in OVX rats as
seen in chemical and histopathological changes. These
improvements were comparable to those of the standard anti-
osteoporotic treatments observed using alendronate. We
propose that these changes are partly owed to the corre-
sponding variations in both serum preptin levels, and bone
OPN expression. In the OVX group, rats experienced a sig-
nificant increase in both final BMI levels, and skeletal
remodeling with uterine atrophy. These changes can be
explained by estrogen deficiency that was supported by
Abdel-Sater and Mansour (2013) who added that estrogen

Table 3 Mean thickness of cortical bone (um), thickness of trabecular bone (um) and area percent of osteopontin expression in cortical bone

Group Sham OovX OVX+E OVX+Ex OVX+E+Ex OVX+ Alen
Parameter
Cortical bone thickness (um) 6424674 31154288 445246.39*%"  4242413.15%> 610.8+23.63%°%¢  486.8 +18.5]3Pcdke

Trabecular bone thickness(um)

Area percent of osteopontin (%) 21.29+2.05 2.24+0.89*

145.8+6.36 90.39+11.9* 106.5+2.97*
11.04 +0.96*%>

121.2 +4.342b&d
12.46 4 0.7%b%d

98 +8.49* 135.64 17.44b<&d
6.54 +0.49%P&¢ 14 39 4+ (0.962bc&d

Data were expressed as Mean +SD. Sham sham-operated, OVX ovariectomized, OVX + E ovariectomized and estradiol-treated, OVX + Ex ova-
riectomized and exercised, OVX + E + Ex ovariectomized estradiol-treated and exercised, OVX + Alen ovariectomized and alendronate-treated.
3P <0.05 in comparison to Sham group. ®P <0.05 in comparison to OVX group. P <0.05 in comparison to OVX +E group. P <0.05 in com-
parison to OVX +Ex group. °P <0.05 in comparison to OVX +E +Ex group
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deficiency is associated with fat deposition. The skeletal
remodeling observed in OVX group is reflected by the asso-
ciated increase in both bone resorption biomarkers (urinary
DPD and hydroxyproline), and bone formation biomarkers
(serum osteocalcin and BSALP). Altered bone histopatho-
logic findings and morphometric parameters confirmed the
development of osteoporosis in OVX rats. These results
were in agreement with Abdel-Sater and Mansour (2013),
Abuohashish et al. (2015), Osman et al. (2018) and Baloglu
and Ozkorkmaz (2019) who owed the associated increase in
bone formation and resorption biomarkers in OVX rats to
the compensatory bone formation that accompanied osteo-
porotic changes in this case. Abdel-Sater and Mansour
(2013) attributed the osteoporotic changes observed in OVX
rats to estrogen deprivation which enhanced osteoclast pro-
duction and activities. Bone sections of OVX rats revealed
periosteal thickening and irregularity, reduced cortical thick-
ness, and several osteocytes. These bone features had the
appearance of multiple resorption cavities, osteoclasts, many
empty lacunae, and thinned bone trabeculae separated by
wide medullary cavities. These findings were in line with
Abuohashish et al. (2015), Osman et al. (2018), and Sharaf
et al. (2015). The reduction in bone cortical and trabecular
thickness depicted in this study reflects unbalanced osteo-
clast-mediated bone resorption. Osterhoff et al. (2016) stated
that the proximal femur has a unique cortical structure, and
any loss in cortical thickness can increase the chance of sus-
taining a hip fracture. Felsenberg and Boonen (2005)
reported that the trabecular bone microarchitecture deterio-
ration contributes to bone fragility in severe osteopenia.
Additionally, the bone sections of OVX rats have revealed a
significant decrease in OPN expression in the bone matrix.
This observation reflects osteoporosis occurrence, as OPN
is a bone formation indicator that is formed by osteoblasts
and accumulates in the mineralized bone matrix (Baloglu
and Ozkorkmaz 2019; El-Haroun et al. 2020). This result
was supported by Osterhoff et al. (2016) who stated that
changes in the matrix composition of the OPN changed bone
biomechanical characteristics because it functions as a glue
that keeps mineralized collagen fibers together. In addition,
Tanaka et al. (2011) reported OPN deficiency in the femoral
head in patients with a hip fracture. In contrast, Fodor et al.
(2013) noted increased serum OPN levels in postmenopausal
women with osteoporosis, which was proposed to be due to
species differences. In this study, OVX rats had a significant
increase in serum pro-inflammatory cytokines (TNF-a and
IL-6), which had a strong stimulatory action on bone resorp-
tion as declared by Weitzmann and Pacifici (2006), thereby
causing osteoporosis. Also, OVX rats had a significant
reduction in serum preptin levels, which was in agreement
with the studies of Li et al. (2013), Ozkan et al. (2013), and
Bebars et al. (2019), who recorded lower preptin levels in
patients with osteoporosis. These results, with the significant
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increase in serum preptin observed in OVX +E group in
comparison to OVX group, could indicate that estradiol was
among the regulators of serum preptin, and that preptin can
be used as a biomarker for osteoporotic changes with ova-
riectomy, which was in line with the studies of Ozkan et al.
(2013), Bebars et al. (2019), and Mohammad Rahimi et al.
(2020). The use of preptin as a biomarker for osteoporosis
in this case may be superior on the use of estradiol as some
factors may improve osteoporosis without affecting estradiol
serum level as observed in the current study with both mod-
erate exercise training and alendronate treatment of OVX
rats. After estradiol treatment of OVX rats, the previously
mentioned biochemical changes in this study were amelio-
rated. Also, histopathological studies showed that estradiol
therapy slightly improved osteoporotic changes, as few
osteoporotic cavities were observed with some empty lacu-
nae, including an increase in the thickness of cortical and
trabecular bones. These results were supported by Sharaf
et al. (2015) who reported that examination of bone sections
of OVX rats treated with estrogen showed a slight increase
in the thickness of the cortical bone of the shaft. Estrogen
also can arrest osteoporosis progression by inhibiting the
secretion of IL-6 and TNF-a [cytokines increased osteoclast
development (Weitzmann & Pacifici 2006)], and increasing
serum preptin levels. Kitaura et al. (2020) stated that estro-
gen stimulates transforming growth factor-f production to
increase osteoclast apoptosis. Exercise training improved
osteoporotic changes in OVX rats in a similar way as that of
the estradiol treatment in the OVX +E group. This improve-
ment occurred in part through increasing both serum preptin
levels and OPN bone expression. This was in agreement with
Cornish et al. (2007), Li et al. (2013), Tomeleri et al. (2016),
and Xiao et al. (2019) who reported that preptin has bone
anabolic effects through increasing osteogenesis and sup-
pressing osteoblastic apoptosis. Combined estradiol therapy
and moderate exercise training in OVX rats (OVX +E+Ex
group) showed a significant improvement compared with
either OVX +E or OVX + Ex rats regarding biochemical,
histopathological, and immunohistochemical results. These
results were supported by Sun et al. (2015) who stated that
exercise has positive effects on bone morphology, mass, and
strength. Also, Chen et al. (2008) noticed that osteoclasts
and osteoblasts respond to mechanical stimuli with increased
alkaline phosphatase release by osteoblasts. Suzuki et al.
(2008) reported that exercise inhibits osteoclast differentia-
tion, and bone resorption. In addition, Tomeleri et al. (2016)
found that moderate exercise training raised preptin serum
levels. Nazari Soltan Aahmad et al. (2018) also reported a
positive correlation between blood preptin levels and bone
formation indicators. In line with these studies, our results
declared that serum preptin is significantly increased in
OVX+E+Ex, OVX+E, and OVX+Ex groups in compari-
son to OVX rats, but still significantly decreased in
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comparison to that in sham group which indicates that mod-
erate exercise and estradiol are regulators of preptin secre-
tion, but still there are other regulators. In agreement with
our results, Yoon et al. (2012) reported higher plasma osteo-
calcin in OVX rats than in sham-operated animals and they
owed this to estrogen deficiency and indicated increased
bone turnover. Also, Honjo et al. (1989) found that serum
osteocalcin is higher in postmenopausal women in compari-
son to premenopausal women. Ahn and Kim (2016) found a
significant increase in osteocalcin serum levels in the osteo-
porotic animals after 12 weeks of exercise in comparison to
that in control group. The improvements observed in
OVX+E +Ex group were comparable with those of the
OVX+ Alen rats. Therefore, this result confirmed the poten-
tial synergistic effects of combined estradiol treatments and
exercise training to minimize osteoporotic changes in OVX
rats. Results of this study also declared a significant eleva-
tion in final BMI in OVX + Alen group when compared with
that of OVX group which was in agreement with Chen et al.
(2014), Abdel-Sater and Mansour (2012), and Notomi et al.
(2003) who owed that to theneo-formation of bone tissue. In
addition, OVX 4+ Alen group showed a significant decline in
the bone turnover in comparison to what was reported in the
OVX rats which was in line with Ozsahin et al. (2017). Pre-
vious studies explained the anti-osteoporotic effects of alen-
dronate treatment on the basis that it induces osteoclast
apoptosis Xiong et al. (2010), affects formation of wrinkle
boundaries of osteoclast Halasy-Nagy et al. (2001), and
increases strength of bone by influencing bone quality and
bone mass Kolios et al. (2010). The study’s limitations
include the fact that it was done on rats, and the results are
proposed to differ from those seen in humans. Also, the
study only employed a few rats. Additionally, preptin itself
was not used as a treatment to assess its effects on OVX rats.
Moreover, the mechanism by which both estradiol and mod-
erate exercise training upregulates serum preptin levels in
OVX rats requires further assessment. In addition, the ben-
eficial effects of the combined estradiol therapy and moder-
ate exercise training on other body systems were not
assessed.

Conclusion

Through their anti-inflammatory properties, increasing bone
OPN expression, and regulating serum preptin, estradiol
therapy and moderate exercise training can reduce osteo-
porotic alterations in OVX rats. Thus, combined estradiol
therapy and moderate exercise training could be a promis-
ing potential therapeutic protocol to reduce postmenopausal
osteoporosis. Also, targeting serum preptin and bone osteo-
pontin regulation could have a critical role in the treatment
of postmenopausal osteoporosis.
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