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Abstract

Background: As the most common type of secondary osteoporosis, glucocorticoid-induced osteoporosis is a major
disease affecting young people. This study aims to analyze the therapeutic effect of Prunus amygdalus aqueous extract
on dexamethasone-induced osteoporosis in rat models.

Methods: The subjects were 32 male rats randomly divided into four groups: one receiving dexamethasone (0.1
mg/kg), one receiving physiological serum, one receiving Prunus amygdalus aqueous extract (300 mg/kg) and
dexamethasone, and one receiving sodium alendronate (0.2 mg/kg) and dexamethasone. By the end of the treatment
period, the rats were sacrificed, and blood samples were collected to evaluate calcium, alkaline phosphatase, and
phosphorus levels. In addition, their femurs were sectioned for histological analysis, with samples taken from the
metaphysis and epiphysis.

Results: It was shown that Prunus amygdalus aqueous extract has a positive effect on osteoporosis prevention.
Additionally, the efficacy of Prunus amygdalus aqueous extract in preventing dexamethasone-induced osteoporosis
was confirmed using histomorphometric and biochemical parameters.

Conclusion: It was shown that prescribing dexamethasone reduced histomorphometric parameters in the rat femur.
Additionally, administering the aqueous extract of Prunus amygdalus with dexamethasone could significantly prevent
the progression of osteoporosis. As a result, almond may be a potential candidate for preventing glucocorticoid-
induced osteoporosis in patients requiring long-term glucocorticoid treatment.
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Introduction of medical care (1). Today, osteoporosis is
In modern society, the growing incidence of regarded as one of the most critical health issues
chronic diseases has become an important aspect in many nations, as it is a critical disease
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characterized by significant socio-economic
implications. As a systemic skeletal condition,
osteoporosis is characterized by reduced bone
mass and deteriorated microstructures, followed
by increased bone fragility and a higher risk of
fractures (2). As the most common type of
secondary osteoporosis, glucocorticoid-induced
osteoporosis (GIOP) is one of the main diseases
in young people. Increased fracture and bone loss
rates are observed early after starting
glucocorticoid therapy, and then they depend on
the duration of treatment and the dose
administered (3). Oxidative stress is thought to
contribute to various chronic diseases, including
osteoporosis (4, 5). In addition, by affecting the
bone regeneration process, age-related chronic
inflammation is a key factor in the development
of osteoporosis (6).

So far, the main treatments prescribed for
osteoporosis  include bisphosphonates and
hormone replacement therapy (HRT). The
effectiveness of hormone replacement therapy,
which contains estrogen, has been reported in
reducing fractures in various areas, including the
hip (7), spine, wrist, and other non-spinal regions
(8, 9). Even though HRT can effectively increase
sex hormone levels and enhance bone mass, some
side effects accompany it, the most significant of
which is the higher risk of breast cancer (10). In
addition, long-term use of hormone replacement
therapy may lead to strokes, pulmonary
embolisms, and heart attacks (11). Besides HRT,
bisphosphonates such as risedronate and
alendronate are commonly used nowadays. In
addition to being approved for the treatment of
osteoporosis, these medications are also used to
prevent it. Risedronate and alendronate work by
inhibiting osteoclast-mediated bone resorption,
leading to an effective reduction in fracture risk.
Nonetheless, it is essential to note that such
treatments are accompanied by their own side
effects, such as muscle and joint discomfort,
constipation, and abdominal pain (12).
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Currently, calcium, with or without vitamin D, is
recommended for osteoporosis prophylaxis. (13).
Nonetheless, several studies have reported that
excessive calcium supplementation can be
associated with cardiovascular  problems.
According to a meta-analysis, taking calcium
supplements without vitamin D significantly
increased the risk of heart attacks (14). While the
safety of calcium supplements may raise safety
concerns, ensuring sufficient calcium intake via a
balanced diet is undoubtedly an important and
primary step to prevent osteoporosis
development (15). However, it is crucial to find
alternative substances for patients who are
prohibited from taking calcium supplements to
reduce or mitigate the risks associated with
osteoporosis.

As a plant species native to the Middle East, Iran,
and many other countries, almond (Prunus
amygdalus) trees grow in various climates (16).
The analysis of the mineral composition of
almonds indicates that the main minerals found in
the extract include phosphorus, calcium,
magnesium, and potassium (17). The different
medicinal characteristics of almonds include their
stress-relieving, antioxidant, anti-cancer, fat-
reducing, laxative, immune system-boosting, and
anti-inflammatory effects (18, 19).

To explore alternative treatments, the present
study aimed to examine the potential protective
effects of Prunus amygdalus aqueous extract
(PAE) on serum
histomorphometric parameters of the metaphysis

biochemical and

and epiphysis of the femur in dexamethasone-
induced osteoporosis rat models.

Material and Methods

Preparing aqueous extract of Prunus
amygdalus

To prepare the almond extract, the almonds were
completely dried and ground. Then, 100 g of the
powder was mixed with 1 liter of boiling water
and heated for 10 minutes. The obtained solution
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was then stirred for 48 hours. After filtering the
mixture three times, it was heated again in an
oven at 37 °C to thicken it. The resulting extract
was stored at —20 °C in a freezer until use in
experiments, when it was dissolved in sterile
distilled water according to the desired dose.
This study analyzed almond extract at the central
laboratory of Lorestan University to identify its
constituents using gas chromatography-mass
spectrometry (GC-MS). The results are shown in
Table 1.

Table 1 Gas chromatography—mass spectrometry (GC-
MS) analysis of Prunus amygdalus

Compound Percent
Benzene Alcohol 38.82
Benzoic Acid 9.98
Propanediol 9.54
Butanediol 6.73
Pentanol-3-Methyl-2 5.36
Geranyl Acetate 5.22
Phenyl Ethyl Alcohol 1.65
Hexadecanoic Acid 1.11
Benzyl Acetate 0.98
Terpinolene 0.89
Eicosane 0.87
Thymol 0.72
Carvacrol 0.57

Animals and Groups

This study involved 32 young male Sprague
Dawley rats, each weighing approximately 150
grams. All the rats were under two months old.
During the study period, the rats were kept at 20-
22°C under 12-hour light/dark cycles .The
animals were fed water ad libitum and
commercial rat food and received human care in
accordance with the Institutional Animal Care
guidelines. The study protocols and experiments
were approved by Lorestan University Ethics
Committee of Research (LU.ECRA. 2019.25).
After a week, the animals were randomly
assigned to four groups with equal numbers: (i)
the control group (C), in which, the rats received
daily subcutaneous injections of physiological
saline in a volume equivalent to dexamethasone;
(i1) group two (D), in which, the rats received
daily subcutaneous injections of dexamethasone
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at a dose of 0.1 mg/kg to induce osteoporosis
(20); (iii) group three (D-A), in which, besides the
daily subcutaneous injection of dexamethasone at
0.1 mg/kg, the rats received sodium alendronate
orally every day at a dose of 0.2 mg/kg with a
gavage needle (21); and (iv) group four (D-PAE),
in which, besides the daily subcutaneous
injection of dexamethasone at 0.1 mg/kg, a 300
mg/kg dosage of Prunus amygdalus aqueous
extract (PAE) was orally administered daily basis
via a gavage needle (22). After four weeks of
studying, they were deeply anesthetized on the
final day to be -euthanized humanely by
intramuscular injection of 10 mg/kg of xylazine
and 100 mg/kg of ketamine. Blood samples were
collected from the rats’ hearts using a 5 mL
syringe to evaluate the changes in blood calcium
(Ca), ALP, and phosphorus (P) levels. After
incubating the collected blood specimens in the
laboratory for 20 min, they were centrifuged for
15 min at 2000 rpm. Then, the serum from each
sample was collected into 1.5 mL microtubes and
stored at -20°C until biochemical measurements
were conducted.

Serum Analysis

The activity of the ALP enzyme was evaluated
using a biochemical analyzer, employing the
DGKC technique in accordance with the
standards set by the German Biochemistry
Society, and a commercial kit (Pars-Azmoon,
Iran). According to the protocol in the kit, when
ALP enzyme and water (H20) are present, p-
nitrophenyl phosphate (p-NPP) is converted into
p-nitrophenol (p-NP) and phosphate (PO+*").

The Arsenazo technique, along with a
commercial kit (Pars Azmoon, Iran), was used to
determine calcium (Ca) levels using a
biochemical analyzer. In this technique, a blue-
colored complex forms between calcium and
Arsenazo III in a neutral medium, and the
intensity of the resultant color can be quantified
at 630 nm.
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Phosphorus was measured using a biochemical
analyzer with a Pars-Azmoon kit. According to
the procedure included in the laboratory kit, the
reaction between molybdates and phosphate
produces phosphomolybdate, which is then
reduced in the presence of
paramethylaminophenol (as a reducing agent) to
create a blue color detectable at 340 nm. In
addition, the buffer in the kit prevents protein
precipitation while minimizing turbidity.
Subsequently, the animals' leg bones were
separated.

Histomorphometric Analysis

After extracting the rats’ femurs, the left femur
bones were immersed in 10% formalin for three
weeks. Then, the femurs were decalcified in 5%
nitric acid (HNOs) to prepare the tissues for
sectioning. After segregating the metaphyseal
and epiphyseal regions of the femur, they were
processed using a tissue preparation device to
produce microtome and paraffin blocks. Later,
these sections were stained using Eosin (H&E)
and Hematoxylin.

Once the staining was completed, the parameters
related to trabecular bone, such as the bone or
tissue area in the femoral sections and epiphyseal
and metaphyseal trabeculac width, were
measured. Measuring trabecular width involved
assessment of the thickness of ten
metaphyseal/epiphyseal trabeculae in each
sample, and the result was determined as the
average thickness of the same ten trabeculae. To
determine the bone area/tissue area, the total
trabeculae area was measured within a 0.8x0.4
mm rectangle, and the result was expressed as a
percentage by dividing it by 0.32. This
investigation used a specialized microscope
connected to a computer running AxioVision LE
software (version 4.8.2 ) (23).

Statistical analyses

Data analysis was carried out using GraphPad
Prism version 8 software (n=8). In addition, one-
way ANOVA followed by Tukey's post hoc test

Herbal Medicines Journal. 2025, 10(4)

was also employed. Furthermore, the significance
level of the present investigation was P < 0.05.

Results

Biochemical Evaluation

Figure 1 presents the evaluation results of serum
ALP activity in the studied groups. In the
dexamethasone group, the average ALP levels
were higher than those in the other examined
groups. In particular, a statistically significant
difference in ALP activity was observed between
the dexamethasone-alendronate group and the
dexamethasone group (p< 0.0001). In addition,
the dexamethasone-alendronate group exhibited a
statistically significant decline compared to the
D-PAE and control groups (p < 0.001).
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Fig. 1 Serum ALP activity levels (mean + standard
deviation, n=8) in the studied groups. C: control group,
D: dexamethasone group, D-A: dexamethasone-sodium
alendronate group, and D-PAE: dexamethasone-Prunus
amygdalus extract group. An asterisk refers to a statistical
difference = among the  groups  (***p<0.001,
***%p<0.0001).

In the dexamethasone group, average serum
phosphorus levels were significantly higher than
in the other groups (p<0.01). In addition, the
groups receiving dexamethasone-Prunus
amygdalus aqueous extract and dexamethasone-
alendronate exhibited no statistically significant
difference in phosphorus levels compared to the

control group (see Fig. 2).
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Fig. 2 Serum phosphorus levels (mean + standard
deviation, n=8) measured in the studied groups. C:
control group, D: dexamethasone group, D-A:
dexamethasone-sodium alendronate group, and D-PAE:
dexamethasone-Prunus amygdalus extract group. An

asterisk refers to a statistical difference among the groups
(**p<0.01, ****p<0.0001).

The average serum calcium level in the
dexamethasone-Prunus amygdalus extract group
was higher than in the other studied groups
(p<0.05) (see Fig. 3).
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Fig. 3 Serum calcium levels (mean + standard deviation,
n=8) in the studied groups. C: control group, D:
dexamethasone group, D-A: dexamethasone-sodium
alendronate group, and D-PAE: dexamethasone-Prunus
amygdalus extract group. An asterisk refers to a
statistical difference among the groups (*p<0.05,
***p<0.001).
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Histomorphometric Analysis

The histomorphometric analysis and
photomicrographs of the epiphyseal and
metaphyseal regions from different groups are
presented in Figs. 4 and 5, respectively. As the
figures show, osteoporosis is evident in the
dexamethasone-treated groups, indicated by
larger spaces lacking trabeculae.

The administration of dexamethasone caused a
significant reduction in the width of epiphyseal
trabeculae in the rats’ femurs compared to the D-
A and control groups. In this regard, the
administration of dexamethasone along with
almond aqueous extract (PAE) and the co-
administration of dexamethasone and sodium
alendronate showed no significant effect
compared to the control group (p>0.05, see Table
2).

The administration of dexamethasone caused a
significant reduction in the width of epiphyseal
trabeculae in the rats’ femurs compared to the D-
A and control groups. In this regard, the
administration of dexamethasone along with
almond aqueous extract (PAE) and the co-
administration of dexamethasone and sodium
alendronate showed no significant effect
compared to the control group (p>0.05, see Table
2).

Table 2 Mean + standard deviation of epiphyseal
trabecular width (n=8)

Groups C D D-A D-PAE
Param

eter

Epiphys

eal
Trabecu 8936  55.66Ek1 76.63F  72.53%1

lar 7.71 4.18 4.72 0.33
Width a be ad ac

(um)

Different letters indicate a significant difference (p < 0.05).
C: control group; D: dexamethasone group; D-A:
dexamethasone-sodium alendronate  group; D-PAE:
dexamethasone-Prunus amygdalus extract group.
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Fig. 4 Photomicrographs of the central part of the femoral epiphysis in different group

C: dexamethasone-Prunus amygdalus aqueous extract, and D: dexamethasone-sodium alendronate. The increased distance
between trabeculae indicates the development of osteoporosis, particularly in the group receiving dexamethasone.
Additionally, the increased number of bone marrow adipocytes, a feature of glucocorticoid-induced osteoporosis, is evident in
these groups (H&E staining, bar = 125).

Fig. 5 Photomicrographs taken from the central part of the femoral metaphysis in different groups (n=8). A: Control, B:
Dexamethasone, C: Dexamethasone-Prunus amygdalus aqueous extract, and D: Dexamethasone-Sodium alendronate. The
increased spacing between trabeculae shows osteoporosis development, specifically evident in the group receiving

dexamethasone (H&E staining, bar = 125).
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The administration of dexamethasone caused a
significant reduction in the width of metaphyseal
trabeculae in the rats’ femoral bones compared
to the control group. Also, co-administration of
almond aqueous extract and dexamethasone
resulted in an insignificant reduction in the
thickness of metaphyseal trabeculae in the rats’
femoral bones compared to the control group.
Based on the statistical analyses, the width of
metaphyseal trabeculae in the dexamethasone and
alendronate groups was the same as that in the
control group (p>0.05, see Table 3).

Table 3 Mean =+ standard deviation of metaphyseal
trabecular width (n=8)

Groups C D D-A D-PAE
Paramet

er

Metaphy

seal 39.751 3035k  36.53E 3558t
Trabecul 4 g3 2.79 4.71 5.35

ar Width a b ab ab
(um)

Different letters indicate a significant difference (p < 0.05).
C: control group; D: dexamethasone group; D-A:
dexamethasone-sodium  alendronate  group; D-PAE:
dexamethasone-Prunus amygdalus extract group.

Dexamethasone administration resulted in a
significant decrease in bone area/tissue area in the
epiphyseal region compared to the D-SA and
control groups. Nonetheless, co-administration of
almond aqueous extract and dexamethasone did
not significantly decrease this parameter
compared to the control group. In addition, the
administration of sodium alendronate and
dexamethasone resulted in insignificant changes
in the ratio compared to the control group
(»>0.05, see Table 4).

The prescription of dexamethasone caused a
significant decrease in the metaphyseal bone
area/tissue area compared to the D-SA, D-PAE, and
control groups (p<0.05). The co-administration of
almond extract with dexamethasone and the
combination of dexamethasone with sodium
alendronate did not cause any significant changes
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in this parameter compared to the control group
(p>0.05, see Table 5).

Table 4 Mean =+ standard deviation of epiphyseal bone
area/tissue area (n=8)

Groups D
C D D-A PAE
Parame
ter
Epiphys
eal Bone 3560F1 2085k 31.60F 28.02%
Area/Tis 5 16 3.28 5.05 8.40
sue Area be ad ac
(%)

Different letters indicate a significant difference (p < 0.05).
C: control group; D: dexamethasone group; D-A:
dexamethasone-sodium alendronate  group; D-PAE:
dexamethasone-Prunus amygdalus extract group.

Table S Mean + standard deviation of metaphyseal
bone area/tissue area (n==8)

Groups C D D-A D-PAE
Paramet

er

Metaphy

seal

Bone 3755 1922F 3397k 32.54%
Area/Tis 644 4.13 4.99 5.12

sue Area a b ac ad
(%)

Different letters indicate a significant difference (p < 0.05).
C: control group; D: dexamethasone group; D-A:
dexamethasone-sodium  alendronate  group; D-PAE:
dexamethasone-Prunus amygdalus extract group.

Discussion

Glucocorticoids mainly contribute to reduced
bone formation while simultaneously enhancing
bone resorption (24-26). In cases of
osteoporosis, a
significant decrease is observed in the thickness
of bone trabeculae (27). From a

glucocorticoid-induced

histomorphometric viewpoint, it is noteworthy
that dexamethasone administration in these
animals resulted in significant complications,
primarily the degeneration of cancellous bone,
characterized by thinning trabeculae, while their

Herbal Medicines Journal. 2025, 10(4)
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interconnections remained unchanged. Such bone
loss can be attributed to decreased bone
formation and increased osteoclast-mediated
bone resorption (28). The thinning of bone
trabeculaec and the lower cancellous bone
area/tissue area ratio observed in animals
suffering from glucocorticoid-induced
osteoporosis indicate increased bone resorption
and decreased bone formation (28, 29).

The administration of dexamethasone in this
study resulted in a significant decline in the
histomorphometric parameters of cancellous
bones, including decreased thickness of
trabeculae in the metaphyseal and epiphyseal
regions and reduced bone area/tissue area in the
metaphysis and epiphysis of femurs. Although
these findings confirm the presence of
osteoporosis, the results indicate no significant
differences in histomorphometric parameters
between the control group and the
dexamethasone with almond extract group.
Conversely, comparing dexamethasone with
almond extract to dexamethasone alone, a
significant decrease in the trabecular area-to-total
bone marrow tissue area ratio was observed in the
metaphyseal region. This finding indicates that
almond extract can reduce the adverse effects of
corticosteroids on bones when used alongside
dexamethasone.

The study by Zeyadi and Khalifa in 2022
indicated that using thyme with almond
supplements had  significant  advantages,
including enhancing vitamin D3 and calcium
levels in serum, reducing bone resorption,
decreasing inflammation and oxidative stress,
and boosting bone mineral levels, such as zinc
and magnesium, in a rat model with carbonated
beverages-induced osteoporosis. It is noteworthy
that although both thyme and almond
supplements had positive effects against
osteoporosis and resorption, a more potent impact
could be attributed to almond (30).

Anaraki et al. (2021) found that an aqueous
extract of almonds could enhance the healing
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process of rabbits’ tibial bones. The animals
treated with that extract showed a significant
increase in blood calcium levels compared to the
control group. In addition, almond extract
significantly increased the proportion of
osteoblasts to osteocytes and promoted the
growth of lamellar bones while decreasing the
formation of woven bones (22).

The mean ALP values in the current study were
higher in the dexamethasone group than in all
other experimental groups. Even though the
increase was not statistically significant
compared to the control group, it was particularly
significant compared to the group receiving
dexamethasone and alendronate. Additionally,
the dexamethasone-alendronate group indicated a
significant decline compared to the D-PAE and
control groups for this enzyme.

ALP is an important enzyme for bone metabolism
(31), which is produced by osteoblasts. ALP
contributes to bone formation, and its levels can
increase in osteoporosis, providing insights into
changes in bone cell turnover and activity (32).
Both exogenous and endogenous corticosteroid
stimulation of the liver can increase serum ALP
levels, and this effect may last for several weeks.
(33). An investigation by Lian et al. (2024)
showed that bone remodeling biomarker ALP and
other biomarkers were significantly increased in
the GIOP group (34). It appears that alendronate
administration in this study prevented the
increase in ALP levels, which may serve as an
indicator of bone changes in osteoporosis.

The primary mediators of phosphate homeostasis
are phosphatonins (phosphate-regulating
factors), dietary phosphate, 1,25(OH)2D, PTH,
extracellular matrix phosphoglycoprotein, and
especially, FGF23. The elevated plasma
concentration of mineral phosphate inhibits bone
resorption and osteoclast differentiation (35). The
maximum phosphorus concentration in serum
was observed in the dexamethasone group
compared to the other groups investigated in this
study. This outcome can be attributed to
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dexamethasone administration, which decreases
osteoblast numbers. In addition, the groups
receiving Prunus amygdalus aqueous extract
with dexamethasone and alendronate with
dexamethasone had the lowest serum phosphorus
levels. These results show that Prunus amygdalus
aqueous extract and alendronate have similar
effects in preventing dexamethasone-induced
osteoblast destruction, and that preserved
osteoblasts can promote translocation of
phosphorus from the blood circulation to bones,
thereby enhancing bone mineralization.

By affecting bone remodeling and physiology,
glucocorticoid  therapy  disrupts  calcium
homeostasis. When calcium deficiency occurs in
bones, it triggers the secretion of thyroid
calcitonin, which directs more calcium to the sites
suffering from bone loss (36). Almonds are
regarded as a nutrient-rich source of phosphorus,
calcium, iron, zinc, copper, dietary fiber, and
protein (17). This study showed that Prunus
amygdalus aqueous extract significantly
increases the serum calcium levels. Compared to
all three studied groups, this increase was
statistically significant. This increase is because
almonds provide calcium supplementation, and
they inhibit
osteoporosis, reducing the decrease in calcium
transfer from blood to bones and helping

dexamethasone-induced

maintain calcium homeostasis. In addition, the
simultaneous decrease in calcium levels and the
significant increases in serum ALP and
phosphorus levels in the dexamethasone group
indicate calcium transfer from the blood to bone,
reflecting severely altered bone metabolism in
glucocorticoid-induced osteoporosis.

It is believed that oxidative stress contributes to
many current diseases, such as osteoporosis (4,
5). Dexamethasone decreases the osteoblast
transcription factor (Cbfal) expression, and by
inducing oxidative stress, impairs the function
and differentiation of osteoblasts (37). The
protective role of the osteoblast transcription
factor (Cbfal) against osteoporosis has been

46

confirmed (38). Osteoclast formation is directly
triggered by reactive oxygen species (ROS).
Osteoclasts are the cells that break down bones
by activating the nuclear factor-kappa-B (NF-kB)
ligand (RANKL)-RANK-interacting receptor
(39, 40). In addition, the oxidative stress resulting
from mitochondrial dysfunction leads to
apoptosis (41, 42) and impedes the activities and
differentiation of osteoblasts, which are
responsible  for bone  formation  (43).
Furthermore, by affecting bone regeneration, age-
related chronic inflammation plays a key role in
the development of osteoporosis (6). Almonds are
rich in proteins, lipids, fiber, and wvarious
minerals. In addition, like other plant-based
foods, almonds contain antioxidant compounds,
including flavonoids and benzoic acid (44). The
most critical minerals in almond extract are
phosphorus, calcium, magnesium, and potassium,
based on mineral composition analysis (17). A
variety of medicinal characteristics, such as stress
reduction, antioxidants, cancer prevention, fat
reduction, laxative characteristics, immune
system improvement, and anti-inflammatory
effects, characterize almonds (18, 19).
Previously, Pandey et al. showed that the
antioxidant and anti-inflammatory properties of
almonds provide renal protective effects (45).
This study shows that the almond aqueous extract
can significantly reduce the decline in
histomorphometric parameters observed in the
metaphysis and epiphysis of the rat femur,
suggesting a potential protective effect against
osteoporosis, likely due to almonds' anti-
inflammatory and antioxidant effects. One
limitation of the current study is the lack of
analysis on oxidative stress biomarkers, such as
glutathione peroxidase, catalase, and
malondialdehyde, as well as inflammatory
factors, such as IL-6, TNF-a, and CRP. It is
suggested that future research not only evaluate
bone histomorphometric parameters but also
investigate the effects of almond extract on

Herbal Medicines Journal. 2025, 10(4)
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inflammation and  oxidative  stress  in
glucocorticoid-induced osteoporosis.

In this study, combining sodium alendronate and
dexamethasone did not significantly affect the
histomorphometric parameters related to the rat’s
femur compared to the control group. However,
when dexamethasone was administered alone, a
significant decrease was observed in all
histomorphometric parameters, except the
thickness of metaphyseal trabeculae, compared to
the group that received dexamethasone and
sodium alendronate. This outcome confirms our
expectation  that  administering  sodium
alendronate and dexamethasone may help
prevent the adverse effects of glucocorticoids on
rat bones.

To prevent osteoporosis in individuals receiving
long-term oral corticosteroids, particularly in
immunocompromised patients, bisphosphonate
therapy is essential. This is because these drugs
could significantly increase bone mineral density
(BMD) and effectively reduce the risk of
complications related to low BMD (46).

Conclusion

In summary, the present investigation found that
prolonged dexamethasone treatment significantly
reduced histomorphometric parameters in rat
femurs, leading to the development of
osteoporosis. In contrast, the oral administration
of aqueous almond extract combined with
dexamethasone effectively reduced the decline in
these parameters. Therefore, including almonds
in the daily diet of patients receiving long-term
glucocorticoid therapy may help prevent adverse
effects on bone health.
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