AR
42 B
{2
)

e

D

X

",

<

DR
o A\
Nsoura Unnes>

MANSOURA JOURNAL OF BIOLOGY

Official Journal of Faculty of Science, Mansoura University, Egypt
E-mail: scimag@mans.edu.eg ISSN: 2974-492X

Therapeutic impact of Extra Virgin Olive Oil on Bone Health in Ovariectomized-

induced osteoporosis in rats

Eman Saber Abdelkhalek Ali'". El-Sayed El-Shafaey’. Magda Mahmoud Arafa Elkomy™.
“Department of Surgery, Anesthesiology and Radiology -Faculty of Veterinary Medicine-Mansoura

€202/11/8 :pa1daddy

€¢0¢/0T/Z-PaAIsdey

University
'Zoology department-Faculty of Science-Mansoura University
“Correspondence to: sabereman972@gmail.com, 01029855366

Osteoporosis is a global health problem that commonly occurs in elderly people,
especially postmenopausal women. Unfortunately, the current strategies for
osteoporosis treatment are frequently hampered by severe side effects, especially after
long-term use. Therefore, this study is aimed to evaluate the potentially effective
impact of extra virgin olive oil on postmenopausal osteoporosis treatment based on an
ovariectomized (OVX) rat model. In this study, 24 female Wistar rats were used; the
rats were divided into four equal groups: control group, rats given olive oil, OVX-
group, and OVX rats given olive oil. At the end of the experimental period, bone
mineral density (BMD) was measured by DEXA scan. Additionally, serum and bone
level of different parameters were assessed. Our results revealed that olive-oil
administration had a beneficial therapeutic effect in osteoporosis treatment, and there
was a significant amelioration in different estimated parameters. This was
demonstrated by preventing the changes in both bone remodeling and BMD. In
addition to improving the hormonal changes, oxidant/antioxidant imbalance, and
inflammatory cytokines abnormal levels associated with OV X-induced osteoporosis,
Further, olive oil treatment showed a marked improvement in the histological
architecture, including improvement of the cancellous and cortical bone appearance
with less widened bone marrow spaces, and the endosteal surface appeared smooth and
lined with osteoblast cells. It is concluded that olive oil utilization is efficacious in
reducing the impact of ovariectomy-induced osteoporosis in rats. Additionally, it has
the potential to serve as a viable remedy for postmenopausal osteoporosis, devoid of
any detrimental side effects.
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Introduction

Osteoporosis is a common metabolic bone
disease characterized by low bone mineral
density (BMD) and the deterioration of bone
microarchitecture [1]. It is worth noting that
while there are various causes of osteoporosis,
the most prevalent one is the bone loss that is
linked to lack of estrogen that occurs
subsequent to menopause[2].

Indeed, osteoporotic fracture is a severe
clinical consequence of osteoporosis, resulting
in high morbidity, mortality, and healthcare
costs. It is estimated that osteoporosis can cause
approximately 9.0 million fractures annually
and affect around 200 million individuals

worldwide, with 34% of women over the age of
50 being affected [3, 4]. Therefore, the
prevention and treatment of osteoporosis are
crucial to avoid osteoporotic fractures [5].

However, many pharmacotherapies have
been explored as potential treatments for
postmenopausal osteoporosis, not all patients
exhibit a positive response to these synthetic
medications, and some even experience severe
side effects [6]. Hence, the search for
alternative agents that are both effective and
safe for preventing and treating osteoporosis in
postmenopausal women remains a significant
concern [7].
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Many studies have revealed insights into the
search for natural compounds that possess anti-
osteoporotic properties and cause minimal side
effects [8]. Medicinal plants offer safe
alternatives to current therapies. Olive oil is a
crucial element of the Mediterranean diet,
which is associated with various health
benefits. Research has demonstrated that olive
oil can enhance different aspects of human
health and has protective effects against heart
disease, cancer, neurodegeneration, diabetes,
and aging [9, 10]. It has additionally been
documented that olive oil facilitates bone
mineralization and development and may
contribute to maintaining bone density. This is
achieved through mechanisms involving
increased bone formation, inhibition of bone
resorption, and potentially reducing oxidative
stress and inflammation [11].

Indeed, the Ovariectomy model is widely
employed for investigating phenomena related
to postmenopausal osteoporosis caused by lac
of estrogen. It has been firmly recorded that
ovariectomy induce the depletion of bone mass
and an elevation in bone turnover in rats.
Therefore, rat models of osteoporosis that
undergo ovariectomy can effectively replicate
conditions in postmenopausal women and are
appropriate for evaluating potential treatments
aimed at preventing or treating osteoporosis
[12]. Therefore our current study aims to
examine the impact of olive oil consumption on
postmenopausal osteoporosis using an OV X rat
model.

Material and methods
Chemicals

Extra virgin olive oil was purchased from
Sigma-Aldrich (St. Louis, MO, USA). All other
chemicals or kits used in the experiment were
of the highest grade available.

Experimental animals and study design

Twenty-four female Wistar rats, weighing
160+10g, were utilized in this experiment. The
rats were obtained from the animal house of the
Biological Products and Vaccines (VACSERA,
Cairo, Egypt) and were housed in sterilized
stainless-steel ~ cages  under  controlled
environmental conditions of 25°C and a 12-
hour light/dark cycle. The rats were allowed to
acclimate for one week prior to the start of the
experiment and were supplied with a standard

diet and unlimited access to water. The
osteoporosis model was induced by performing
bilateral ovariectomy, following the established
protocol described by [13]. Subsequently, the
experimental animals were divided into four
equitably sized groups, with each group
consisting of 6 rats. Group | served as the
control group, consisting of normal rats that
supplied with the standard diet without any
additional treatment throughout the study
duration. Group I, the olive-oil group, involved
normal rats that received an orally administered
supplement of olive oil (1ml/100g b.w.). Group
I1l, the OVX-group, comprised of OVX rats
that received a standard diet without any
additional treatment. Lastly, Group IV, the
OVX+olive oil group, included OVX rats that
received a standard diet supplemented with oral
olive oil (1ml/100g b.w.) [14]. All experimental
procedures were conducted in accordance with
the regulations frothed by the Animal Care and
Use Committee of Mansoura University and
aligned with the National Institute of
Laboratory Animal Resources [15] The study
was also approved by the local experimental
animal ethics committee.

Blood and tissue sampling

At the end of the designated period of
experimentation, 12 hrs fasted rats were
euthanized under anesthesia using ketamine
HCL. Blood samples were obtained in non-
heparinized centrifuge tubes and then
centrifuged at 3000 rpm for 10 minutes to
separate the sera. Each serum sample was then
labeled in Eppendorf's tubes and stored at -
20°C for subsequent biochemical analysis.

After the collection of blood samples, the
rats underwent dissection. Both the left and
right femurs were promptly extracted and
rinsed with a chilled saline solution.
Subsequently, the left femur was weighed and
homogenized in an ice-cold saline solution
utilizing a Potter-Elvehjem type homogenizer.
The resulting homogenate was then subjected
to centrifugation at a force of 860 Xg for a
duration of 20 minutes.  Following
centrifugation, the obtained supernatants were
preserved at a temperature of -20C for
subsequent analysis. In the meantime, the right
femur was employed for the determination of
BMD.
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Estimated parameters
Determination of bone mineral density

The measurement of the BMD of the rat's
femurs was conducted in a manner that ensured
objectivity, utilizing the Lunar Prodigy
Advance by dual energy X-ray absorptiometry
(DEXA), which was provided by GE
Healthcare (Chicago, IL, USA), specifically in
the small-subjects mode. The scans were
performed with a pixel size of 0.125 x 0.25
mm, a line spacing of 0.0254 cm, and a point
resolution of 0.0127 cm. All samples were
measured three times and the mean values were
calculated. BMD was represented in g/cm? [16].

Determination of serum total protein and
creatinine levels

Levels of serum total protein (TP) and
creatinine (Cr) were assessed calorimetrically
using a colorimetric assay kit purchased from
Spinreact (Girona, Spain), Cat.N0:1001290 and
1001110, respectively.

Determination of
markers and enzymes

Levels of both serum and bone calcium (Ca)
and phosphorus (P) were assessed using a
colorimetric assay kit purchased from Spinreact
(Girona,  Spain),  Cat.N0:1001061  and
MD1001155. The serum activity of alkaline
phosphatase (ALP) was assessed using a kinetic
photometric assay kit purchased from Spinreact
(Girona, Spain), Cat.N0:41245. The bone
activity was determined using an enzyme-
linked  immunosorbent  assay  (ELISA)
technique with the Rat bone alkaline
phosphatase (BALP) ELISA kit obtained from
MyBioSource company (California, USA),
Cat.No: MBS164916, as per the manufacturer's
instructions.

Determination of some hormones in serum

Serum levels of both parathyroid hormone
(PTH) and estradiol (E2) hormone were
assessed using the ELISA technique. The PTH
measurements were conducted using the
Scantibodies ELISA kit (Cat.No: 3KG151)
obtained from Santee, CA, USA. Likewise, for
E2, the BioVendor RAT estradiol ELISA kit
(Cat.No: RTCO09R) was utilized.

Determination of proinflammatory cytokines
Proinflammatory cytokines, such as tumor

minerals metabolism

necrosis factor-o (TNF-o) and interleukin-1§
(IL-1pB), were measured using ELISA kits from
R&D system (R&D systems, Manneapolis,
USA; CatNo: 45-TNFRT-E01.1) and
RayBiotech, Inc Company (Cat.No: ELR-
IL1beta-001C).

Determination of oxidative stress marker in
bone

The  determination of the  bone
malondialdehyde (MDA) level, which serves as
the final outcome of lipid peroxidation, was
conducted through the utilization of an ELISA
kit (specifically, the Rat malondialdehyde,
MDA ELISA kit from the life science market)
identified as Cat No: CELI-66086r.

Determination of antioxidant markers in
bone

The content of reduced glutathione (GSH)
and activity of superoxide dismutase (SOD)
and catalase (CAT) in bone was determined
using an ELISA kit in accordance with the
manufacturer’s instructions. For GSH, ELISA
kit obtained from Cusabio Biotech (Wuhan,
China), Cat.No: CSB-E12144r was used. For
SOD, ELISA kit obtained from Cusabio
Biotech (Wuhan, China), Cat.No: CSB-
E08555r was used. For CAT, ELISA kit
obtained from MyBioSoruce company, Cat.No:
MBS2600683 was used.

Histopathological examination

Serial sections from the rats' femurs were
fixed in 10% neutral buffer formalin for 48
hours before undergoing decalcification in a
10% EDTA solution with daily exchanges for 6
weeks. The decalcified samples were then
dehydrated in increasing concentrations of ethyl
alcohol, cleared in xylene, and finally
embedded in liquid paraffin wax. These
decalcified sections from all groups were sliced
at a thickness of 4 um and stained using
hematoxylin ~ and eosin  (H&E) for
histopathological examinations as per the
protocol provided by [17].

Statistical analysis

All statistical analysis was assessed using
GraphPad Prism 5.0 software (GraphPad
Software Inc., San Diego, California, USA) and
a statistical software package (SPSS 15.0 for
Microsoft Windows, SPSS Inc.). The results
were reported as the mean * standard deviation
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(SD) (n=6). Statistical comparisons were
performed using one-way analysis of variance
(ANOVA). Probability values of (P<0.05) were
considered statistically significant.

Results

Effect of olive oil on BMD and biochemical
parameters

As results, OVX rats exhibited a notable
reduction in BMD levels in contrast to control
group. Additionally, OVX rats was associated
with significant reduction in serum TP level.
While they were associated with a high
significant elevation (P<0.0001) in serum Cr
level in relation to control group (0.91+0.05 vs
.0.7020.05 mg/dL; respectively).

On the contrary, the application of olive oil
yielded a notable increase (P<0.001) in BMD
level by 90.9% compared to OVX group. Also,
olive oil administration to OVX group resulted
in a significant rise (P <0.05) in serum TP
levels by 15.6% and a significant (P <0.0001)
decrease in Cr level by 19.8% in contrast to
OVX group as shown in Table 1.

Further, OVX group exhibited a
notable reduction (P<0.0001) in both serum
and bone level of Ca and P in comparison to
control group. The OVX group was also
exhibited a significant (P<0.0001) elevation in
ALP activities in both serum and bone. While
olive oil treatment to OVX group was resulted
in a significant elevate in both bone and serum
level of Ca and P in relation to OVX group.
Additionally, it also resulted in a significant
reduction (P <0.0001) in ALP activities by
41.6% and 39.9% in both bone and serum,
respectively in comparison to OVX group as
shown in Figure 1A-F.

Effect of olive oil on hormonal parameters

Levels of serum parathyroid hormone (PTH)
and estradiol (E2) hormone were determined
among different groups and the results were
demonstrated in Figure 2A-B. As a
consequence, there was no statistically
significant difference (P >0.05) observed
between both the olive oil group and control
group in PTH level but there was a notable
elevate in E2 levels (P<0.05). However as
anticipated OVX group was associated with
high PTH level and reduced E2 levels
compared to control group with a significant

difference. Contrariwise, olive oil
supplementation was found to attenuate levels
of such hormones. As serum PTH level was
significantly decreased (by 44.7 %), serum E2
level increased (by 41.1%) in OVX+olive oil
group in contrast to OV X group.

Effect of olive oil on proinflammatory
cytokines

Levels of serum TNF-a and IL-1B were
determined among different groups and the
results were demonstrated in Figure 2C-D. As
a result, there was no statistical significant
difference (P >0.05) between olive oil group
and control group in TNF-a levels. On
contrary, the TNF-o levels were significantly
increased in OVX group by 116.7% compared
to control group. But fortunately, olive-OVX
rats showed attenuation in TNF-a levels. As
olive-OVX rats was found to have a significant
reduction in TNF-a levels by 30.8% in
comparison to OV X group.

Regarding IL-1B levels, there was also no
significant difference (P >0.05) between
control group and olive oil group. On the
contrary, there was a significant increase in IL-
I level in the serum of OVX rats
(0.21+0.01pg/mL) in relation to control group
(0.13+0.01pg/mL). While olive-OVX rats
showed a significant (P <0.001) decrease in IL-
1B level by 23.8% compared to OVX group
which may suggest the anti-inflammatory effect
of olive oil in OVX-induced osteoporosis.

Effect of olive oil on oxidative stress and
antioxidant biomarkers

Levels of bone MDA was determined among
different groups and the results were
demonstrated in Table 2. As a consequence,
there was no difference (P >0.05) between both
olive oil and control groups. On the contrary,
there was a significant increase (P<0.0001) in
MDA level in OVX rats (0.34+0.08 nmoL/mL)
in relation to control group (0.17+0.01
nmoL/g). However, olive oil treatment to OV X
group significantly (P<0.0001) reduces bone
MDA level (0.19+0.02 nmoL/mL) as compared
to OV X group.

Bone content of GSH and activities of SOD
and CAT enzymes were determined among
different groups and the results were
demonstrated in Table 2. As a consequence,
there was no difference between both olive oil
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and control groups in bone GSH content. On
contrary, the OVX group was observed to be
linked with a significant decrease (P<0.0001)
in GSH content when compared to control
group. Whereas olive-OVX treated rats
exhibited a notable elevation in GSH content
than OV X rats by 81.3% change.

Also, in regard to SOD activity, there was no
significant difference (P >0.05) between
control group and olive oil group. While the
OVX group was associated with a significant
(P<0.0001) decrease in SOD activities in
relation to control group. Olive oil treatment
was found to enhance the activity of this
enzyme in olive-OVX group compared to OVX
group  (0.30£0.01 vs. 0.19+0.03 UIL,
P<0.0001).

Regarding CAT bone activity, there was a
significant difference (P <0.05) between both
the olive oil and control groups. On contrary,
like other antioxidant enzymes, OVX rats were
associated with significant (P<0.001) decrease
in CAT activities by 46.2% in relative to
control group (0.14+0.04 vs. 0.26+0.04 ng/mL).
Whereas olive oil treatment increase CAT
activity by 14.3% when compared to OVX

group.
Effect of olive oil
architecture

The results of Photomicrograph of the
femoral bone sections stained with H&E for the
experimental groups were presented in Figure
3. The analysis yielded findings indicating that
the bone examination of sections from the
control group exhibited regular cortical and
trabecular bone. Additionally, the bone marrow
was characterized as of normal cellularity and
normal bone marrow spaces were seen between
the trabeculae (Figure 3A). Furthermore,
sections in the olive group were nearly similar
to the control group. It was manifested by
normal bone marrow stem cells that appeared
as small cells with large basophilic nuclei and
scanty cytoplasm with scattered fat globules
(Figure 3B).

However, in OVX-rats, the stained sections
exhibited a clear histological modification of
both trabeculae and cortical bone with
widening of bone marrow spaces. These
alterations were appeared in the form of bone
marrow degeneration and distortion of

on histopathological

endosteal surface which displayed erosion
without the presence of osteoblast and
osteogenic lining (Figure 3C). Interestingly,
OVX-induced rats that received the olive oil
treatment revealed marked improvement in the
histological architecture as compared to those
of the OVX-rats. There was significant
improvement of the cancellous and cortical
bone appearance with less widened bone
marrow spaces. The osteocytes were distributed
within the bone matrix, and the endosteal
surface appeared smooth and lined osteoblast
cells (Figure 3D).

Discussion

In the current investigation, we examined
the alterations in bone turnover and bone
depletion subsequent to ovariectomy. As
anticipated, a notable decline in BMD was
observed in the OVX-group in relation to the
control group, thereby corroborating the
manifestation of ovarian deficiency in the OVX
model. Numerous studies have presented
evidence of bone loss stimulated by insufficient
levels of estrogen in rats that underwent
ovariectomy. For instance, a 20% reduction in
BMD has been reported in the femur of their
OVX rats in contrast to sham rats during the
period of 4-16 weeks post ovariectomy [18].
Also, it has been noted significantly lower
BMD and cortical BMD in the OVX rats [19].
Furthermore, other investigators have reported
an average femoral BMD loss of 15% and 20%
post ovariectomy [20, 21].

Our findings reveal that the utilization of
olive oil resulted in a significant 90.9%
increase in bone mineral density (BMD)
compared to the OVX group. This is consistent
with the findings of [22] who observed an
increase in BMD in the lumbar spine and left
femur of OVX rats following olive oil
supplementation.  Similarly, it has been
recorded a notable enhancement in BMD in
OVX rats after administering virgin olive oil
[23]. Also, it has been found that oleuropein,
hydroxytyrosol, and olive oil can effectively
mitigate trabecular bone loss induced by
ovariectomy and promote an increase in BMD
[24]. This favorable outcome can be attributed
to the presence of phenolic compounds within
olive oil, which exhibit antioxidant properties
by scavenging free radicals. As a result, bone
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cells are shielded from oxidative harm, thereby
contributing to the observed effect [25].

In addition, it has been observed that a lack
of estrogen may be linked to certain changes in
metabolism  and  alterations in  body
composition, which can potentially lead to liver
disorders  [26]. Our research  findings
demonstrate a noteworthy decrease in TP levels
in OVX rats, as previously noted in other
studies [27, 28]. However, the administration of
olive oil to OVX rats yielded a significant
increase in TP levels. This rise in levels may
suggest that olive oil has the capacity to
stimulate the regeneration of liver tissue,
thereby improving protein synthesis in a
damaged liver and enhancing the functional
status of liver cells [29].

Interestingly, Cr is a byproduct of creatine
phosphate metabolism in the muscle. It is
produced in the body at a consistent level,
which is dependent on the mass of the muscle.
Furthermore, it is not influenced by food intake,
muscular efforts, or diuresis level. It is worth
noting that osteoporosis can cause changes in
blood and bone parameters. Cr is considered
one of the most notable indicators of bone
imbalance and is used for monitoring purposes
[30]. In this study, the levels of Cr were found
to be significantly elevated in cases of
ovariectomy-induced  osteoporosis,  which
aligns with previously reported findings [27,
31]. On the other hand, when olive oil
supplementation was given to OVX-rats, there
was a significant decrease in Cr levels.
Likewise, it has been noted that the
consumption of oleuropein appeared to have a
significant attenuating effect on Cr levels in
comparison to OV X-rats [32].

Additionally, Ca and P have a pivotal role in
the formation of the skeletal system by actively
participating in skeletal development. Sufficient
levels of Ca and P are indispensable in
mitigating skeletal deterioration  and
minimizing the probability of fractures. Earlier
scientific investigations have revealed that
ovariectomy in rats leads to an imbalanced Ca
distribution, which in turn contributes to the
development of osteoporosis induced by
ovariectomy. Furthermore, multiple studies
have provided evidence that there is a notable
reduction in the levels of Ca and P in rats that

have undergone ovariectomy [23, 33]

Menopause is linked to a reduction in the
absorption of calcium in the intestines and an
increase in the excretion of calcium by the
kidneys. Additionally, estradiol affects the
kidneys by increasing the reabsorption of Ca in
the renal tubules. Consequently, alterations in
estradiol levels are intricately linked to
modifications in the expression of diverse
proteins that play a crucial role in the
reabsorption of Ca within the distal tubules
[34]. Similarly, ovariectomy is also associated
with imbalances in the rate of absorption and
reabsorption of P by the small intestine and
kidneys, resulting in a notable reduction in
blood P concentrations [35]. Our experimental
findings support this perspective, as OVX-rats
that showed a significant decrease in both Ca
and P levels in the serum and bones
(P<0.0001).

On the other side, there was a notable
increase (P<0.0001) in the levels of Ca and P
with the application of olive oil treatment.
Similarly, various studies have shown that olive
oil effectively prevents hypocalcemia caused by
ovariectomy in in the OVX+olive rats [23].
Furthermore, the presence of hydroxytyrosol
and oleuropein in olive oil enables the
deposition of Ca ions in osteoblastic cells and
hinders the formation of osteoclasts[36].
Additionally, olive oil aids in the absorption of
Ca in the intestines [24, 37]. Furthermore, t
functions as a significant reservoir of gamma
linolenic acid, which reduces the elimination of
Ca, decrease bone reabsorption and affects
bone turnover markers, while simultaneously
increasing Ca levels in the bone [38].
Moreover, research has indicated that the
phenols present in olive oil can effectively
controlled the proliferative capacity and cell
maturation of osteoblasts through the regulation
of Ca ion deposition in the extracellular matrix
[25].

Interestingly, ALP is acknowledged as a
factor that determines the process of
osteoblastic differentiation [24]. The activation
of ALP prompts the mineralization of matrix
proteins by means of the hydrolysis of
pyrophosphate and inorganic phosphate [39]. In
the course of this study, the OVX group
demonstrated a significant increase in ALP
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activities in both serum and bone in comparison
to the control group. Consistent with these
findings, it was previously documented that
ALP levels significantly increased in OV X rats,
indicating heightened osteoblastic activity and
enhanced bone formation [34]. Additionally, it
has been established a correlation between
estrogen deficiency and expedited bone
remodeling, wherein bone resorption surpassed
bone formation [40].

Meanwhile, there was a notable decrease in
the level of ALP in our OVX+olive oil rats.
These findings align with previous studies that
have shown the ability of olive oil to effectively
reduce the solubility of serum ALP [41]. It is
possible to postulate that the potential
inhibition of bone loss by olive oil is attributed
to its capacity to diminish the quantity of ALP,
thereby impeding the generation of mineralized

matrix  protein by  osteogenesis  cells.
Nonetheless, additional investigation s
imperative in order to comprehensively

comprehend this particular mechanism. [41].
Additionally, it has been observed that the
phenolic compounds present in olive oil
contribute to a significant enhancement in ALP
synthesis, thereby promoting osteoblastic
differentiation [42].

Furthermore, our findings indicate that the
inclusion of olive oil in the diet of rats that have
undergone ovariectomy can provide protection
against osteoporosis by regulating the levels of
PTH and E2 hormones. These results contradict
previous studies that showed a significant
decrease in serum estradiol levels in the OVX
group compared to the sham group[19], and
supported the notion that supplementing with
olive oil in OVX-rats mitigated the
development of osteoporosis caused by
ovariectomy. One potential elucidation for this
enhancement in skeletal well-being may be
linked to the heightened concentrations of E2
and the abundance of mono-unsaturated fatty
acids that are found in olive oil [43].
Additionally, it has been suggested that the
consumption of extra virgin olive oil
polyphenols can regulate the expression of
genes associated with estrogen response in the
uterus in a manner that mimics the effects of
E2. Furthermore, olive oil may contain
phytoestrogens, similar to those found in other
plants or their extracts, which could potentially

have milder effects similar to estradiol-17p
benzoate and contribute to the preservation of
bone mass during the post-menopausal period
by acting as osteoprotective agents [44].

In contrast, the present investigation reveals
that OVX rats exhibited a significant
correlation with elevated levels of bone MDA,
diminished bone GSH content, and reduced
bone SOD and CAT activity when compared to
the control group. Oxidative stress is a state
characterized by an imbalance between the
generation of pro-oxidants, oxidizing agents
(ROS), and the presence of antioxidant
defenses. This perturbation of equilibrium may
result in the accumulation of ROS, which can
subsequently transform into more potent
oxidants, such as hydroxyl radicals,
consequently leading to oxidative harm to
lipids, proteins, and DNA. Ultimately, this
oxidative damage can culminate in cellular
demise[45].

Osteoporosis is often accompanied by the
presence of oxidation stress and osteoblast
apoptosis. This occurrence can be attributed to
bone matrix degradation and the stimulation of
osteoclast cells [46]. Notably, MDA levels in
OVX-rats have been demonstrated to be
markedly increased, indicating an increased
presence of oxidative stress in these estrogen-
deficient rats [23]. Moreover, the regulated cell
death process known as ferroptosis can
potentially contribute to the onset and
progression of osteoporosis. This process is
characterized by the generation of ROS, lipid
peroxidation, accumulation of lipid
hydroperoxides, and iron availability [47, 48].

Under normal physiological conditions, cells
have the ability to combat free radical attack or
oxidative stress by promoting antioxidant
defenses. The body possesses various
endogenous defense mechanisms, such as metal
chelating proteins and endogenous antioxidant
enzymes (GSH, CAT, and SOD) [49].
However, when antioxidants are unable to
effectively counteract oxidative stress, diseases
related to oxidative stress can manifest,
including cardiovascular disease, diabetes,
neurological diseases, cancer, and osteoporosis
[50]. Previous studies have demonstrated that
aged rats and post-menopausal women with
increased oxidative stress exhibited reduced
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SOD, GSH, and CAT activities [39, 51, 52].
These findings may explain the marked
reduction in the activities of different oxidative
parameters observed in the current study.

Interestingly, our findings recorded that the
addition of olive oil effectively countered the
oxidative damage in the OVX rats through the
augmentation of the antioxidant defense
mechanism and the decrease of lipid
peroxidation. In fact, previous researches have
been illustrated that the phenolic compounds
present in olive oil possess antioxidant
properties that can protect lipids and DNA from
oxidation [53, 54]. These compounds have also
been found to stimulate the transcription of the
antioxidant enzyme glutathione peroxidase
[55]. Moreover, they possess the capability to
engage with biological systems and function as
bioactive molecules. It should be noted that
they exhibit remarkable efficacy in hindering
lipid peroxidation [56] and are thought to exert
their impacts via the process of metal chelation
and free radical scavenging [57, 58].
Additionally, oleuropein, a compound found in
olive oil, has been shown to scavenge free
radicals and preserve other dietary antioxidants
such as alpha-tocopherol and vitamin C from
degradation in the intestines [59]. As a matter
of fact, both black Luckes olives and extra
virgin olive oil has been discovered to alleviate
the heightened oxidative stress triggered by a
lack of estrogen. In rats treated with virgin
olive oil, markers indicative of oxidative stress
exhibited a noteworthy decrease in the cerebral,
musculoskeletal, and cardiac structures [60].

Surprisingly, the immune system assumes a
pivotal function in the pathophysiology of
osteoporosis  subsequent to  menopause.
Consequently, an elevation in pro-inflammatory
cytokines such as TNF-o and IL-1p can worsen
osteoporosis as they participate in bone
turnover and act as potent stimulants of bone
resorption [61, 62]. It has been demonstrated
that estrogen deficiency resulting from
ovariectomy leads to the production of IL-1pB
and TNF-o by osteoblasts, which in turn
activate and differentiate osteoclasts, ultimately
increasing bone resorption [14, 63]. Also,

[43]. This may serve as a possible explanation
for the significant high IL-1p and TNF-a levels
observed in the OV X-rats in our investigation.

Meanwhile, administration of olive oil to our
OVX-rats yielded a marked reduction decrease
in IL-1B and TNF-a level. These results are
inconsistent with  previously studies that
supported the bone-preserving effects of olive
oil can be attributed to the suppression of
inflammatory cytokines [43]. There exists
evidence suggesting that certain phenols found
in virgin olive oil possess anti-inflammatory
properties [64] and can impact various
biological processes like maintenance of DNA
repair mechanisms, cell differentiation, and
initiation of apoptosis in cancer cells [25, 65].
Further, it was demonstrated that the daily
consumption of olive oil for a period of 84 days
had a regulating effect on bone loss in OVX-
rats, ultimately concluding that it exhibited
favorable  effects on  proinflammatory
cytokines, specifically IL-1p [66].

Moreover, the examination of bone
resections of vertebrae and femurs indicated a
clear reduction in bone mass in OVX rats
compared to the sham group [67]. Similarly,
our OVX group exhibited noticeable
histological changes in trabeculae and cortical
bone, accompanied by an enlargement of bone
marrow spaces. Conversely, the administration
of olive oil resulted in the restoration of these
histological alterations in the cancellous and
cortical bone. These findings align with
previous studies conducted by [24, 60, 66].
Also, [23] noted a significant improvement in
cortical and trabecular thickness in OVX rats
who received virgin olive oil after ovariectomy.

In  conclusion, olive oil successfully
ameliorated osteoporosis induced by
ovariectomy in rats, displaying potential as a
viable option for addressing postmenopausal
osteoporosis  without the occurrence of
unfavorable side effects. More research and
well-planned clinical trials are required to
validate the utilization of olive supplements in
individuals with osteoporosis and ascertain the
underlying mechanism of its impact.

numerous studies have Furthermore, many  COMPeting Interests: None
investigations have examined the connections

between IL-1f gene polymorphisms and

osteoporosis across a wide range of populations
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Table 1. Levels of bone mineral density, serum total protein and serum creatinine in all
experimental groups

Variables Animal groups Control Olive oil OVX | OVX+olive ail
BMD (g/em?) Mean+ SD 0.19+0.02 | 0.20+0.02 | 0.11+0.03" 0.21+0.01%
%Of change +5.3° -42.1° +10.5% +90.9"
Mean+ SD 7.2+0.4 7.6+0.3 6.4+0.4 7.4+0.5"
Serum TP (g/dL) %Of change +5.6° 1117 +2.8% +15.6°
Serum Cr (mg/dL) Mean+ SD 0.70+0.05 | 0.66+0.04 | 0.91+0.05 0.73+0.02"%
%Of change 5.7° +30.0° +4.3% -19.8"

Data were expressed as meant SD, n=6. OV X: ovariectomized; BMD: bone mineral density; TP:
total protein; Cr: creatinine.

P <0.05, P <0.001 and P <0.0001 compared to control group.
*P <0.05, P <0.001 and **P <0.0001 compared to OVX group.
2and ° percentage (%) of change compared to control and OVX groups, respectively.
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Figure 1. Minerals changes including (A): serum P, (B): bone P, (C): serum Ca, (D): Bone Ca,
(E): serum ALP, (F): bone ALP in all experimental groups. Data were expressed as mean+ SD,
n=6. OV X: ovariectomized, P: phosphorous, Ca: calcium, ALP: alkaline phosphatase.

“P <0.05, "P <0.001 and P <0.0001 in contrast to control group.
*P <0.05, *P <0.001 and *P <0.0001 in contrast to OVX group.
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Figure 2. Level of serum (A): parathyroid hormone (PTH), (B): estradiol (E2) hormone (C): tumor
necrosis factor-a (TNF-a) and (D): interleukin 1 beta (IL-1p) in all experimental groups. Data were
expressed as mean+ SD, n=6. OV X: ovariectomized.

P <0.05, P <0.001 and ~P <0.0001 in contrast to control group.
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*P <0.05, P <0.001 and **P <0.0001 in contrast to OVX group
Table 2. Oxidative stress and antioxidant biomarkers in all experimental groups

Variables Animal groups Control | Olive oil | OVX | OVX+olive oil
Bone MDA (nmoL/mL) | Meant SD | 0.17+0.01 | 0.17+0.02 | 0.34+0.08" 0.19+0.02"%
%Of change 0.0° +100.0° +11.8% -44.1°
Bone GSH (ng/mL) Mean+ SD | 0.28+0.04 | 0.48+0.03 | 0.16+0.05 0.29+0.03"
%Of change +71.4° -42.9° +3.6% +81.3°
Bone SOD (U/mL) Mean+ SD | 0.43+0.03 | 0.45+0.03 | 0.19+0.03" 0.30+0.017
9%Of change +4.7° -55.8° -30.2% +57.9"
Bone CAT (ng/mL) Mean+ SD | 0.26+0.04 | 0.3620.08" | 0.14+0.04™ 0.16+0.01
%Of change +38.5° -46.2° -38.5% +14.3"

Data were expressed as meant SD, n=6. OVX: ovariectomized; MDA: malondialdehyde; GSH:
reduced glutathione; SOD: superoxide dismutase; CAT: catalase.

P <0.05, P <0.001 and ~P <0.0001 in contrast to control group.
*P <0.05, P <0.001 and "*P <0.0001 in contrast to OV X group.
2and ° percentage (%) of change compared to control and OV X groups, respectively.
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Figure 3. Histopathological examinations of all experiment group. (A): normal cortical and
trabecular bone, in addition to normal bone marrow, (B): normal bone marrow stem cells appear as
small cells with large basophilic nuclei and scanty cytoplasm with scattered fat globules, (C):
histological alteration of trabeculae and cortical bone with bone marrow degeneration and widening
of bone marrow spaces, (D): normal cortical bone with normal osteoblasts and normal osteoid
matrix with normal bony trabeculae (HE, 10x).
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