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ABSTRACT

Introduction: Osteoporosis is the most prevalent bone disease in humans, affecting people of all ages but more common
in postmenopausal women. Risedronate (RIS) and strontium ranelate (SR) are two clinically accessible anti-osteoporotic
medicines.

Objectives: To assess and compare the anti-osteoporotic effects of RIS and SR on the histologic, histomorphometric, and
ultrastructural features of compact bones in a rat model of glucocorticoid-induced osteoporosis.

Materials and Methods: 42 mature healthy male albino rats were randomly allocated into 6 main groups (7 rats /group) and
received daily oral treatments for 12 weeks as following: negative control, RIS +ve control (2.5 mg/kg/day), SR +ve control
(625 mg/kg/day), prednisolone (pred)-treated (1.5 mg/kg/day), pred + RIS (treated concurrently with prednisolone and RIS),
and pred + SR (treated concurrently with prednisolone and SR). At the end of the experiment, all animals were anesthetized,
sacrificed, and the femurs and tibias were excised for x-ray, histological, histomorphometric, and electron microscopic studies.
Results: Oral prednisolone provoked significant osteoporotic changes as evidenced by generalized osteopenia and bone
bending detected in the X-ray. Histological examination demonstrated decreased cortical bone thickness, multiple irregular
perforations, reduced lamellar bone formation, and an increase in the osteoid tissue. Ultrastructural changes were observed in
the form of distorted osteoblasts and osteocytes together with lysis of collagen fibrils in the bone matrix. Oral administration
of RIS and SR was associated with moderate and marked improvement of prednisolone induced perturbations of the bone
architecture respectively.

Conclusion: Our data suggest that SR outperforms RIS in alleviating glucocorticoid-induced osteoporotic changes in cortical
bone tissues.
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INTRODUCTION

Osteoporosis is a chronic illness that is caused by
an imbalance between bone formation and resorption,
resulting in a loss of bone integrity and an elevated risk
of fracture!!l. It affects anyone at any age, but it is more
common in older people, particularly postmenopausal
women. Recently, it has been estimated that more than 200
million individuals suffer from osteoporosis®?. Secondar
osteoporosis, which accounts for 30%-60% of all instances
of osteoporosis, can affect younger people as a result of
underlying medical disorders or the use of particular
medications?!. Glucocorticoid (GC)-induced osteoporosis
is considered the most prevalent iatrogenic cause of
secondary osteoporosis that is associated with significant
therapeutic implications!.
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Long-term GC therapy has a number of negative
consequences on the body's metabolism, cardiovascular,
dermatologic, and musculoskeletal systems?. The most
prevalent significant adverse effects linked with chronic
GC therapy are fragility fractures, such as vertebral and
hip fractures, induced by substantial loss of bone mineral
density!. It was reported that the annual incidence rate of
vertebral fractures was 3.2% among patients treated with
GC for prolonged time and 5.1% in subjects initiating GC
therapy!”. GCs induce localized alterations in architecture
of bone, resulting in micro-lesions that reduce bone
strength. Because GCs not only limit bone formation but
also accelerate bone resorption, the loss of bone density is
highest during the first few months of treatment*®!. Many
clinical studies found that the prevalence of fractures
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EFFECT OF SR AND RIS ON OSTEOPOROSIS

dropped about three months after GC treatment was
stopped®!.

Rapid advancements in our understanding of bone
metabolism have prompted the development of a variety of
anti-osteoporotic medications. Pharmacologic treatments
of osteoporosis generally classified into anabolic and
catabolic, which both work to substantially increase bone
mass and decrease fractures. On the one hand, the anabolic
group such as parathyroid hormones and monoclonal
sclerostin antibodies acts by activating bone-synthesizing
osteoblasts!!. On the other hand, the catabolic treatments
such as bisphosphonates and selective estrogen receptor
modulators (SERM) act mainly by inhibiting excessive
bone resorption by osteoclasts!''l.

Risedronate  (RIS), a  nitrogen  containing
bisphosphonates, is known with its potent antiresorptive
effect through suppressing the osteoclastic bone

resorption. It has been shown to be an effective therapy for
Paget disease of bone, postmenopausal and GC-induced
osteoporosist'>3l, Many clinical and experimental studies
have demonstrated that RIS increase bone mineral density,
conserve of trabecular geometry, and structural strength
in osteoporotic bones!'>!*1¢, There is still controversy
concerning the benefits of bisphosphonates versus their
long-term reported adverse effects, such as atypical femoral
fractures and osteonecrosis. SR is another antiosteoporotic
drug with dual mode of action on both bone formation and
resorption!”. The antiresorptive and bone pro-forming
actions of SR are achieved through increasing osteoblast
differentiation, decreasing osteoclast formation, apoptosis
of mature osteoclasts, and increasing synthesis of collagen
and non-collagen proteins of the bone!'®). Furthermore, SR
likely influence bone volume and material composition!!’l.

Recently, there has been a growing body of evidence
indicating the beneficial anti-osteoporotic effects of RIS
and SR. In the current study, our main objective was
to assess and compare the anti-osteoporotic effects of
RIS and SR on the histologic, histomorphometric, and
ultrastructural features of compact bones in a rat model of
GC-induced osteoporosis.

MATERIAL AND METHODS

Chemicals

The prednisolone tablets 5 mg (predilone, Alqahira
Pharm. Company, Egypt), RIS tablets 5 mg (Actonel,
Sanofi Aventis Pharm, Egypt), and SR sachets 2 g (protelos,
Servier Egypt) were purchased before the beginning of the
experiment. Both crushed tablets and the powder from
sachets were dissolved in normal saline to form fresh
suspensions that were administered orally by oral gavage.

Experimental animals

A total of forty two (42) male Albino Wistar rats
weighing between (180-210 g), approximately three-
month-old were used in the current experiment. They were
obtained from the animal house of the Faculty of Veterinary

Medicine, Suez Canal University, Ismailia, Egypt. All
rats were housed in a standardized cages in group of 3-4
per cage at room temperature. They were fed a standard
laboratory pelleted food and water ad libitum. The animal
house is well-ventilated with a 12 h light/dark cycle,
throughout the experimental period. Animals were left to
acclimatize to laboratory conditions for two weeks prior to
the experiment. All animal procedures were carried out in
accordance with the guidelines of the Ethics Committee of
Faculty of Medicine, Suez Canal University, Egypt (IRB
No. 4894).

Experimental design

After 7 days of habituation, the rats were randomly
divided into six groups (No. = 7 rats/group) as following:

* Negative control group: rats received normal
saline (the vehicle) via oral gavage.

* RIS +ve control: rats were treated with RIS (2.5
mg/kg/day, P.O. by oral gavage) for 12 weeks?.

* SR +ve control: rats were treated with SR (625 mg/
kg/day, P.O. by oral gavage) for 12 weeks?!.

e Prednisolone (Pred-treated) group: rats were
treated with prednisolone (1.5 mg/kg/day, orally
(P.O.) by oral gavage, daily) for 12 weeks to induce
osteoporosisi??,

e Pred + RIS group: rats were treated concurrently
with prednisolone and RIS for 12 weeks.

e Pred + SR group: rats were treated concurrently
with prednisolone and SR for 12 weeks.

All animals were weighed before the beginning of
the experiment (day 0) and once weekly thereafter until
the end of the 12 weeks. One day after receiving the
final administrations of all medications, all animals were
anesthetized by intraperitoneal injection of 60 mg/kg
ketamine and 5 mg/kg xylazine and sacrificed by cervical
dislocation.

Ethical Considerations

Our experiment was conducted after taking the
permission of the Ethics Committee of Faculty of Medicine,
Suez Canal University, Ismailia, Egypt. All experiments
were carried out in accordance with the Good Laboratory
Practice Regulations for the laboratory animal care. These
regulations were as following: animals were maintained in
a manner that assured their physical comfort, were handled
gently and solely by the investigator, and were kept in a
setting that was suitable to their physical and nutritional
needs. Moreover, there was no interference except after
complete anesthesia of the animal. In case any animal was
observed to be experiencing severe, unbearable pain or
discomfort, it was anesthetized and immediately was killed,
using a method providing initial rapid unconsciousness
(decapitation).
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Bone X-ray

Immediately after euthanasia, the right femurs were
carefully disarticulated, and the surrounding soft tissues
were removed. Bones from all the groups were X-rayed
from a distance of 30 c¢cm, to obtain both anterioposterior
(A/P) and lateral views (Armonicus, Forex Medical Zrt.).

Histological analysis

Long bones (left femurs) from rats of different groups
were immediately labelled and fixed in 10% neutral
buffered formalin for 48 hours. After bone decalcification
with ethylenediaminetetraacetic acid (EDTA), the tissues
were processed for preparation of Formalin-fixed, paraffin-
embedded (FFPE) blocks. All blocks were sectioned (Sum
thickness, longitudinal and transverse sections) and stained
with hematoxylin and eosin (H&E) for general histological
examination. Sections from each group were stained with
Masson’s trichrome to differentiate between osteoid and
mineralized bone. Histological slides were imaged at 100,
200, 400X using bright-field microscopy on an Olympus
BX-46 microscope equipped with an Olympus SC30
digital camera.

Histomorphometric analyses

Histomorphometric analysis was conducted using
a computerized 2D image analysis software (Olympus
CellSense Entry, version 510). The following parameters
were analyzed in H&E stained slides from different
experimental groups: cortical bone thickness, size of
osteocytes (area and perimeter), and number of osteocytes.
For each assessed parameter in histomorphometry,
measurements were obtained from ten non-overlapping
randomly selected fields in the slides from each rat. For
each section, 15 readings were obtained. Meanwhile, other
parameters including vascularity of the sections, loss of
matrix homogeneity, Haversian system arrangement, and
irregularity of periosteum have been evaluated by two
independent histopathologist using conventional light
microscopy.

Histological scoring of bone affection

Grading of bone affection was conducted according
to the scoring protocol of Khalifa et al., 2020 which
was modified from that of Pritzker et al.***%. Using this
scoring system, we compared each group to the control
concerning the following parameters: reduced cortex
thickness, vascularity of the sections, size and number of
osteocytes, loss of matrix homogeneity, Haversian system
arrangement, and irregularity of periosteum. A score from
0-3 was given for each section, where 0 means like normal,
1 means mild change, 2 means moderate change, and 3
means sever change. The total score (0-21) was calculated
by averaging the mean score of each parameter. Scores
from 0-4 was considered normal, 5-10 was considered as
mild osteoporosis, 11-16 as moderate osteoporosis, and 17-
21 as sever osteoporosisi*!,

Transmission Electron microscopic (TEM) studies

For TEM examination, small decalcified bone
specimens Rt tibia (I mm3) were fixed with standard
fixative 2.5 % buffered glutaraldehyde (pH 7.2 - 7.4) at 4 -C
for 2 h, followed by post fixation in 2% osmium tetroxide
at4 C for 30 minutes. Specimens were dehydrated in serial
dilutions of ethanol then immersed in acetone for one hour.
The fixed specimens were then embedded in epoxy resin
(Epoxy Embedding Medium Kit; Sigma). The capsules
were cut on ultra microtome into semithin and ultra-thin
sections. Semithin sections were stained with toluidine
blue to light microscopic examination while ultra-thin
sections were cut at 70 nm and stained with uranyl acetate
as a principal stain and lead citrate as a counter staint*.
Finally, all the sections were observed at 160 kv using a
JEOL JEM-2100 at EM unit, Mansoura University, Egypt.

Statistical analysis

Statistical analysis was performed using SPSS package
version 22.0 (SPSS Inc., Chicago, IL, USA). All data was
summarized using mean and standard deviation (SD). The
difference between the mean values of the study groups was
assessed using the ANOVA with post hoc Bonferroni test.
A p value < 0.01 was considered statistically significant.

RESULTS

During the 12-week of the experiment period, there
were no signs of morbidity or mortality recorded between
rats with generally good conditions.

Body weight results

Except for pred-treated group, all experimental groups
demonstrated significant increase in the body weight at
the end of the experiments when compared to their initial
weight (p <0.01). Interestingly, pred-treated group showed
significant reduction of the final body weight when
compared to both the initial body weight and the control
group (p < 0.01). Although the final body weight in the
Pred + RIS and Pred + SR-treated groups was significantly
higher from the initial body weight, it was significantly
lower than that of the negative control. Of note, all groups
showed significant increase (p < 0.01) in their final body
weight compared to pred-treated rats (Table 1, Figure 1A).

X-ray results

As depicted in Figure 1B, control, RIS +ve control,
and SR +ve control groups demonstrated normal bone
architecture, density, alignment, and corticomedullary
ratio. Administration of prednisolone was associated
with generalized decrease in bone density (osteopenia),
decreased cortico-medullary ratio, and abnormal bone
modeling (bending). Both Pred + RIS and Pred + SR-
treated rats showed relatively increased bone density
with relatively normal cortico-medullary ratio. However,
abnormal bending of bone were detected in Pred + RIS

group.
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Histological results
Hematoxylin and eosin (H&E)

Light microscopic examination of bone sections from
negative control, RIS +ve control, and SR +ve control
groups revealed characteristic morphological features of
normal compact bone with well-developed cortical and
trabecular bones. These sections demonstrated regular
periosteum and endosteum, closely packed haversian
system, large number of osteocytes in their lacunae,
and homogenous matrix (Figure 2A-2C). However, we
detected marked thickening of the periosteum of both RIS
+ve control and SR +ve control groups (Figure 2B,2C).

Sections obtained from pred-treated rats showed
separation of the periosteum from the surface of the bone
and increased surface resorptive pitting. As the bone shows
multiple irregular perforations, the number of osteocytes
was markedly reduced, many empty lacunae were detected
together with unrecognized or distorted haversian system in
majority of the sections (Figure 2D). Of note, some sections
of rats treated with prednisolone show fat infiltration of the
bone marrow. On the other hand, our findings revealed that
Pred + RIS and Pred + SR administration were associated
with moderate and marked improvement of prednisolone
induced perturbations of the bone architecture respectively,
however some osteoporotic cavities were still detected.
Furthermore, Haversian system were almost regularly
arranged with wide haversian canal and increased blood
vessels. Of note, bone sections of Pred + RIS-treated group
showed non homogeneity as demonstrated with many
areas with dark and light bone matrix (Figure 2E,2F).

Masson trichrome

We next used Masson trichrome histochemical staining
to assess the amount of lamellar and immature bone in the
studied experimental groups. In general, two reactions could
be detected: a blue reaction that was primarily localized to
immature bone tissue (osteoid tissue and collagen fiber),
and a red reaction that was mainly associated with lamellar
bone formation. In negative control, RIS +ve control, and
SR +ve control groups, we detected marked increase in
the lamellar bone as evidenced by increased red reaction
(Figure 3A-C). A marked decrease in lamellar bone
formation and increase in osteoid tissue were detected in
sections obtained from Pred-treated group (Figure 3D).
In rats treated with Pred+ RIS, a significant increase in
lamellar bone formation (red reaction) was detected,
however, the osteoid tissue and thick organized collagen
fibers (blue reaction) were still prominent (Figure 3E).
These findings indicates that RIS may have alleviated bone
loss caused by prednisolone administration. Regarding
Pred+ SR treated group, we detected marked increase in the
lamellar bone formation which is demonstrated by the red
reaction detected all over the stained sections (Figure 3F).
Importantly, the lamellar bone pattern detected in Pred+
SR treated group was comparable to that of the negative
control group. Taken together, our results indicated that
both RIS and SR were able to mitigate the osteoporotic

effects of prednisolone on compact bone, however, SR
overperforms RIS in its action.

Transmission Electron microscopic (TEM) results

Electron microscopic examination of a compact
bone section from the negative control group displayed
normal osteocytes within their lacunae in the collagenous
bone matrix. The osteocytes have more or less normal
nuclei and cell processes in the canaliculi (Figure 4A). In
addition, normal osteoblastic cells rested between bone
matrix and bone marrow were detected (Figure 4B). For
both RIS +ve control and SR +ve control groups, electron
microscopic study demonstrated most probably normal
osteocytes (normal nucleus, homogenous cytoplasm,
normal cytoplasmic processes) embedded in collagenous
bone matrix (Figure 4C,4D).

Sections from pred-treated rats revealed distorted
osteocytes within the lacunae with irregular or ruptured
nuclei, massive rarefication of cytoplasm, disrupted
rough endoplasmic reticulum, and complete lysis of
mitochondrial cristac. Damaged cytoplasmic processes
were detected in the canaliculi. Around the osteocytes,
we detected an aberrant appearance of granular and fibril
bone matrix, eosinophilic infiltration in between collagen
bone matrix, as well as lysis of collagen fibrils situated
between osteoblasts and bone matrix (Figure 5A). In the
same group, some osteoblasts have mild dilated rough
endoplasmic reticulum together with partial lysis of cristae
of mitochondria. Osteoclast with disrupted ruffled border
was also detected (Figure 5B).

Electron microscopic examination of tissue from rats
treated with pred+RIS displayed more or less normal
osteocytes within their lacunae surrounded by the bone
matrix. As depicted in (Figure 5C), the osteocyte of Pred
+ RIS treated rats has slightly irregular nucleus, focal
area of rarified cytoplasm, some cytoplasmic vacuoles
can be observed and numerous well-defined cytoplasmic
processes. Moreover, a granular appearance of bone matrix
around the processes was detected. As regards of the
Pred + SR treated group, it reveals most probably normal
osteocyte resting in lacuna and embedded in bone matrix.
The osteocyte has normal nucleus with detectable dilated
perinuclear membrane, mitochondria, cytoplasm, rough
endoplasmic reticulum, and well developed cytoplasmic
processes embedded through canaliculi in bone matrix
(Figure 5D).

Histomorphometric results

In comparison to negative control, RIS +ve control,
SR +ve control, Pred + RIS, and Pred + SR groups
demonstrated no statistically significant difference in
any histomorphometric parameters (cortical thickness,
osteocyte size (area and perimeter), and osteocyte number)
was detected. In contrast, pred-treated rats showed a
significant decrease in cortical bone thickness, osteocyte
size (area), and osteocyte number when compared to all
other experimental groups (p <0.0001). Although RIS and
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SR were able to restore both the cortical bone thickness and
osteocyte number following prednisolone administration,
no significant difference could be identified between
osteocyte size (area and perimeter) of Pred + RIS and Pred
+ SR-treated groups when compared to pred-treated rats
(Table 2).

Regarding the histological scoring of bone affection,
RIS +ve control and SR +ve control showed non-
significant difference of the calculated histological scores

Figure 1

when compared to negative control. Sections obtained
from pred-treated rats showed a typical histological profile
of osteoporosis with histological score indicating sever
osteoporosis (18.14 + 3.24). Rats treated with Pred + RIS
and Pred + SR showed improvement of prednisolone-
induced osteoporosis as evidenced by lower histological
score = 11.57+1.62 which indicates moderate osteoporosis
and 9.29+1.11 which indicates mild osteoporosis in both
groups; respectively (Table 2).

Body weight (gram)
&
o

Body weight during the expermintal peroid

Negative control

RIS +ve control

SR +ve control
—o—Pred-treated

~e—Pred + RIS
—e—Pred + SR
50
0
0 1 2 3 4 5 6 7 9 10 11 12
Weeks
‘ | l
AP L al L AP -
Negative control RIS +ve control SR +ve control
L
Pred-treated Pred +RIS Pred +SR

Fig. 1: A) Changes in the body weight of rats in different experimental groups. B) X-ray of right femur (antro-posterior and lateral views) from different
experimental groups: negative control, RIS +ve control, and SR +ve control groups demonstrated normal bone architecture, density, alignment, and
corticomedullary ratio. For pred-treated group, decreased bone density (osteopenia), fissure fracture together with bending, and decreased cortico-medullary
ratio were detected. For both Pred + RIS and Pred + SR-treated groups, an increase in bone density with relatively normal cortico-medullary ratio was detected.

AP: antro-posterior view, L: lateral view.
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Fig. 2: Effect of RIS, and SR on prednisolone induced osteoporosis of the compact bone, stained with H&E (x200). (A) Negative control group: the bone
density is normal, the periosteum (black arrow) and endosteum (red arrow) are regular, and average number of osteocytes (arrow heads). Inset in figure A
showing osteon with central Haversian canal, concentric lamellae of bone matrix, and osteocytes in their lacunae (x400) (B) RIS +ve control group: the cortical
bone showing average number of osteocytes inside their lacunae, the Haversian canal are well organized (red curved arrows), and the periosteum is regular
and thickened (black arrows). (C) SR +ve control group: regular thickened periosteum (black arrows), normal bone density with average number of normally
appearing osteocytes. (D) Pred-treated group: showed diminished cortical density, unrecognized or distorted haversian system, many osteoporotic cavities
are seen (black stars) with marked reduction of osteocytes. (E) Pred+RIS-treated group: section demonstrating heterogonous bone density, regular and intact
periosteum (black arrow) and endosteum, osteoblasts (red arrows), average number of osteocytes and regular Haversian canals. (F) Pred + SR-treated group:
diminished sized osteoporotic cavities (black stars), osteoblasts (red arrow), and regular and intact periosteum and endosteum.
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Fig. 3: Effect of risedronate, and strontium ranelate on prednisolone induced osteoporosis of the compact bone, stained with Masson Trichrome (x200).
(A) Negative control group, (B) RIS +ve control, and (C) SR +ve control groups: showing normal accumulation of connective tissue (blue color), normally
appearing osteocytes, and regularly arranged Haversian canal. (D) Pred-treated group: section is showing marked distribution of connective tissue (blue color)
with absence of osteoid tissue (E) Pred + RIS-treated group: demonstrates moderate increase in lamellar bone formation together with moderate amount of
connective tissue, (F) Pred + SR-treated group: section demonstrates bone remodeling with restoration of lamellar bone and diminished amount of C.T (blue
color).
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Fig. 4: An electron micrograph of a compact bone section of A) Negative control group showing normal osteocyte within a lacuna (L) in collagen bone matrix
(BM). The cell has more or less normal nucleus (N) and cytoplasmic extensions (arrow). Notice cross section of cell processes and canaliculi can be seen
(circle). B) Negative control group showing normal osteoblastic cell (OB) rested between bone matrix (BM) and bone marrow. The bone marrow showed
several hematopoietic cell included RBCS and neutrophils (arrow). C) RIS +ve control group showing rarified cytoplasm of osteocyte (arrow), most probably
normal nucleus (N) and normal mitochondria (circle), well developed cytoplasmic cell process embedded through canaliculi (arrow head) in bone matrix (BM).
D) SR +ve control group showing most probably normal osteocyte has more or less regular nucleus (N), normal mitochondria (circle), homogenous cytoplasm
(arrow) and normal cytoplasmic cell processes (arrowhead) embedded in bone matrix (BM). (Bar =2 pm, x 6000 ).
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Fig. 5: An electron micrograph of a compact bone section of A) Pred-treated group showing abnormal osteocyte with irregular nucleus (N), massive rarefication
of cytoplasm (arrowhead), disrupted rough endoplasmic reticulum (arrow) and complete lysis of cristaec of mitochondria (curved arrow). Osteocyte imprison
in a lacuna (L) surrounded by bone matrix (BM). No cell processes can be observed, damaged cytoplasmic cell process in canaliculi of other osteocyte can be
seen (circle). (B) Pred-treated group showing osteoclast with disrupted ruffled border (arrow) and osteoblasts (OB) that have mild dilated rough endoplasmic
reticulum (curved arrow) and partial lysis of mitochondrial cristae (circle). Lysis of collagen fibrils (arrow head) situated between osteoblasts and bone matrix
(BM). C) Pred + RIS-treated group showing an osteocyte within a lacuna (L) surrounded by bone matrix (BM). The cell has slightly irregular nucleus (N),
focal area of rarified cytoplasm (arrow head), just one cytoplasmic vacuole can be observed (curved arrow) and numerous well-defined cytoplasmic processes
(arrow). Notice granular appearance of bone matrix around the processes (astric) and cross section of cell processes and canaliculi can be seen (circle). D) Pred
+ SR-treated group showing osteocyte resting in lacuna (L). The cell has most probably normal nucleus (N), normal mitochondria (circle), cytoplasm (arrow),
rough endoplasmic reticulum and normal cytoplasmic cell processes (arrow head) embedded in bone matrix (BM). The dilated perinuclear membrane (white
arrow) can be observed (Bar =2 pum, x 6000).

Table 1: Effect of Prednisolone, RIS, and SR administration on the body weight of rats in different experimental groups

Initial body weight Mean +SD Final body weight Mean +SD

Control 200.71 + 6.73 25471 £5.91b¢

RIS +ve 196.43 +8.52 259.14 + 6.84°¢

SR +ve 200+ 8.16 260.71 + 6.73b¢

Pred-treated 200.71 £ 8.38 194.29 + 4.50%¢
Pred + RIS 199.29 £7.32 240.71 + 3.45%b¢
Pred + SR 200.71 + 6.07 242.86 + 3.95%0¢

SD: standard deviation, RIS: risedronate, SR: strontium ranelate, Pred: prednisolone a Significantly different from control at p <0.01

b Significantly different from steroid treated group at p < 0.01. ¢ Significant difference between initial and final body weight in each group at p < 0.01.
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Table 2: The effect of prednisolone, RIS, and SR on different histomorphometric parameters of the studied groups

Osteocyte size (Perimeter pm)

osteocyte number  Scoring of osteoporosis

Groups Cortical thickness (um)  Osteocyte size (Area pm?)
Negative control 2784.6 + 3444 32029 + 24894
RIS +ve control 2699.03 + 363.75¢ 36624 +2989¢
SR +ve control 2739.64 +333.18¢ 34308 + 1325¢
Pred-treated 1908.03 + 238.46% 21500 + 6764
Pred + RIS 2889.19 +252.79¢ 27097 + 2880°
Pred + SR 2904.26 + 155.8¢ 27523 £2378°

698.35 +26.34° 33+ 4.67¢ 0¢
798.27 £ 75.15% 32+ 4.69¢ 0.714 £ 0.95¢
735.40 +33.93¢ 32.5+4.55¢ 0.57 £0.79¢
600.61 + 71.25% 14+ 3.62% 18.14 + 3.24¢b¢

655.16 £ 34.63°
631.33 £56.21%

27.8+5.14¢
32.3+8.31¢

11.57 + 1.62%
9.29 4 1110

Pred: Prednisolone, RIS: risedronate, SR: strontium ranelate
. a= Significantly different from negative control group at p< 0.01
. b= Significantly different from RIS +ve control group at p< 0.01
. c= Significantly different from SR +ve control group at p< 0.01
. d= Significantly different from Pred-treated group at p< 0.01

DISCUSSION

Osteoporosis is the most frequent bone disease
in humans that remains silent until fracture occurs. It
represents a serious public health problem that causes a
significant economic burden and impact on the patients’
quality of life®?. It is characterized by weak bone as a
result of disruption of bone microarchitecture and reduced
bone mineral density. Various anti-osteoporotic drugs,
such as antiresorptive and anabolic agents, are currently
available for use in clinics alone or in combination®?”.
In the present study, we assessed and compared the anti-
osteoporotic effects of RIS and SR on the histologic,
histomorphometric, and ultrastructural features of compact
bones in a rat model of GC-induced osteoporosis.

In this study, we employed the GC-induced osteoporosis
rat model as it is considered one of the most appropriate,
cost-effective, easy handling, and convenient animal
models of osteoporosis?>?], Moreover, the used dose and
duration of prednisolone administration were documented
in previous studies to induce systemic osteoporosisi??.
Long-term use of prednisolone, a glucocorticoid with
anti-inflammatory and immunomodulatory effects,
is reported to increase the risk of fracture due to the
combined suppression of bone formation and increase
bone resorption®!. In the present study, we demonstrated
that oral prednisolone provoked significant osteoporotic
changes as evidenced histologically by decreased cortical
bone thickness, multiple osteoporotic cavities, and marked
decrease of lamellar bone formation together with an
increase in the osteoid tissue when compared to the control
group. Our X-ray results demonstrated that administration
of prednisolone was associated with generalized decreased
in bone density (osteopenia), decrease cortico-medullary
ratio, and abnormal bone modeling (bending). These
results agreed with the previous observations that GC
administration is associated with impairment of bone
architecture, reduced bone mass, increased cortical
porosity, and bone fragility'*3%. In agreement with the
findings of previous studies?>?’), our electron microscopic
examination of pred-treated group detected markedly
distorted osteocytes, mild changes in osteoblast, and
aberrant appearance of the bone matrix with detected

lysis of collagen fibers. Taken together, our observations
indicated that prednisolone acts by inhibiting new bone
formation and inducing unbalanced bone resorption.

Earlier research findings suggested that GC-induced
osteoporosis is caused by decreased bone formation in the
presence of unchanged but continued bone resorption®'.
There are many plausible mechanistic explanations for
how GCs induced osteoporosis by affecting osteoblast,
osteocyte, and osteoclast. One possible mechanism is that
GCs act by inhibiting the Wingless-related integration
site (Wnt) protein expression in osteoblasts, which is
crucial for osteoblast formation from the mesenchymal
progenitor cellsi*¥.  Another possible mechanism is
the direct proapoptotic effect of GC on osteoblast and
osteocyte with subsequent reduction of bone formationt*?!,
Furthermore, Huang et al. showed that long-term steroid
treatment suppresses the hypothalamus—hypophysis—
adrenal cortex (HPA) axis, hence lowering the release
of growth hormone (GH) and insulin like growth factor
(IGF-1)B%, The disturbance of GH/IGF-1 axis was reported
to cause low bone turnover osteoporosis and inhibit the
process of endochondral ossification®*3%. On the other
side, GCs can stimulate osteoclastogenesis and prolong the
osteoclast survival via stimulation of the receptor activator
of nuclear factor kappa B ligand (RANKL), inhibition
of osteoprotegerin (OPG) production from osteoblasts,
and inhibition of caspase-3 dependent apoptosisi®*37),
Importantly, our electron microscopic analysis revealed
disrupted ruffled border of osteoclast after administration
of prednisolone which signify the inhibition of bone
resorption. This is consistent with Kim et al. who reported
that GC suppress the bone-degrading capacity of osteoclast
by disrupting its ruffled border™!. This can be elucidated by
the failure of osteoclasts to organize their cytoskeleton due
to inhibition of VAV3 guanine nucleotide exchange factor
(vav3), small GTPases Radiant Heat Output A (RhoA) and
Ras-related C3 botulinum toxin substrate 1 (rac) which
are essential for osteoclast cytoskeletal organization!**4%,
Further studies are needed to better understand the effect of
GC on osteoclast and to solve this contradiction.

RIS belongs to the nitrogen-containing
bisphosphonates class of medications which functions as
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potent antiresorptive agent that is commonly indicated for
treatment of osteoporosist*!. In the current study, our results
demonstrated that RIS co-treatment with prednisolone was
associated with moderate improvement of prednisolone
induced perturbation of the bone architecture. Our results
from histological and histomorphometric analyses revealed
a significant increase in the cortical bone thickness
together with thickened organized collagen fibers in rats
treated with Pred+ RIS in comparison to those treated with
prednisolone. Our findings are supported by the results of
previous studies which also reported the ability of RIS to
counteract the GC-induced osteoporosis by maintaining
bone architecture and inhibiting bone turnover!'3#,
Our results can be explained by the findings of Bellido
& Plotkin who reported that bisphosphonates preserve
osteoblast and osteocyte viability via suppressing their
apoptosist®. In addition, some researchers demonstrated
that RIS can increase periosteal bone formation as a result
to the anabolic effect of parathyroid hormone, however,
the exact mechanism is still unclear™. Previous studies
demonstrated that nitrogen-containing bisphosphonate
inhibits post-translational prenylation of small GTPase and
disrupt osteoclast depolarization, which effectively inhibits
bone resorption*#¢], This is also supported by Bergstrom
et al. who reported that RIS inhibits osseous resorption by
triggering osteoclast apoptosist*’). Furthermore, the short-
term use of RIS has been linked to a decrease in enzymatic
collagen cross-link turnover, which is associated with an
increase in collagen fibers that contributes to an increase
in bone strength™. Interestingly, we detected a significant
heterogeneity of bone matrix in sections obtained from rats
treated with Pred + RIS. However, this was clearly at odds
with the observations of previous studies that reported
reduced cortical bone heterogeneity with administration
of bisphosphonate™®#l. One potential explanation of
this discrepancy is the difference in the duration of
bisphosphonate administration as our findings based on
short term treatment with RIS. A previous study reported
that early in the course of treatment, bisphosphonates
increased structural integrity; however, such improvements
were lost with long-term therapy®.

Regarding Pred + SR-treated group, our findings
indicated that SR were able to mitigate the osteoporotic
effects of prednisolone on compact bone as evidenced
by marked improvement of prednisolone induced
perturbations of the bone architecture detected in
histologic and histomorphometry analyses. In comparison
to the pred-treated group, Pred + SR-treated rats exhibited
marked increase in lamellar bone formation which is
associated with a significant restoration in the cortical bone
thickness. This is consistent with previous data suggested
that SR administration increases trabecular bone volume
and improves bone microarchitecturel®!*?. Furthermore,
our findings showed that the histomorphometric effects
of prednisolone on compact bone were counteracted by
the administration of SR. This is in line with the findings
of Arlot el al. who reported a significant increase in bone
formation parameters (osteoblastic surfaces and mineral

apposition rate) in both cancellous and cortical bone in a
group of postmenopausal women with osteoporosis treated
with SRP?. Previous studies have shown that SR has a
double effect on bone by both boosting osteoblastogenesis
and inhibiting osteoclastic activity®. SR stimulates the
proliferation and differentiation of osteoblasts by increasing
the expression of osteogenic genes such as runt-related
transcription factor (Runx), and SP7 genesP*%]. Another
putative mechanism implicated in the effect of SR on
osteoblasts differentiation is increased Cyclooxygenase-2
(COX2) activities that lead to an increase in prostaglandins
E2 production (PGE2), which enhances bone formation®®.
Proliferated osteoblasts result in formation of collagen
and non-collagen proteins and increase the bone matrix
density®”l. SR, on the other hand, inhibits the osceoclatic
activity by acting on the two components of bone
remodeling through the RANK/RANKL/OPG pathway;
it increases OPG secretion while suppressing RANKL
expression in osteoblasts, resulting in increased bone
formation and decreased osteoclastogenesisP®. One
cautionary note should be highlighted, although SR is a
recommended therapeutic option in patients with severe
osteoporosis, it has been associated with an increased risk
of venous thromboembolism and myocardial infarction.
Taken together our results suggest that SR outperforms RIS
in ameliorating the glucocorticoid-induced osteoporosis.

CONCLUSION

Our results provide further insights in understanding
the histopathological and ultrastructural changes of GC-
induced osteoporosis. Despite the fact that our findings
indicate that both RIS and SR are effective treatments for
glucocorticoid-induced osteoporosis, we confirmed that SR
is superior than RIS. In future research, it will be noteworthy
to assess the effect of combining cardioprotective agents
with SR in management of osteoporosis.
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