Iragi Journal of Veterinary Sciences, Vol. 38, Supplement I, 2024 (17-26)
Proceedings of the 5th Scientific Conference, College of Veterinary Medicine, University of Karbala

Veterinary Sciences

Iraqgi Journal of Veterinary Sciences

www.vetmedmosul.com

Inhibition of the RANK RANK-L OPG/Cathepsin-K pathway on osteoclast
activity by a treadmill in the osteoporosis induced by D-gal in the male rats

T. Baseem®  W. Albazil®’, R.F. Mousal®’ and H.B. Mahmood?

!Department of Physiology and Biochemistry and Pharmacology, *Department of Anatomy and Histology, College of
Veterinary Medicine, University of Kerbala, Kerbala, Iraq

Article information Abstract

Article history:

Received 18 February, 2024
Accepted 10 May, 2024

Published online 30 December, 2024

Osteoporosis is bone loss density and deterioration of bone tissues; osteoclasts are
generally regarded as the only cells capable of resorbing to bone physical exercise by
Treadmill, which has positive preventive and therapeutic effects on osteoclast activity. The
experiment employed 24 male rats, randomly divided equally into three groups: the first

Keywords: group was the control group, and the second group of rats was given daily 200 mg/kg BW
Osteoporosis D-gal injected intraperitoneally for sixty days. The third group, the rats, were given
;?Ndlr(n'” 200mg/kg BW D galactose daily using a treadmill at 25 m/min for five days weekly for 60
RANK-L days. Serum blood was drawn for biochemical analysis to evaluate the bone densitometry
OPG by measuring bone resorption and formation biomarkers represented by receptor activator

of nuclear factor kappa-B (RANK), receptor activator of nuclear factor kappa-B ligand
$°g::£e°nr1‘de”°e: (RANK-L), cathepsin, and osteoprotegerin (OPG). Femur bone tissues were removed and

processed for light and electron microscopy inspection for light and electron microscopy
inspection. The results investigate a significant increase in serum RANK, RANK-L, and
cathepsin-K levels in osteoporotic rats treated with D-gal. At the same time, OPG analysis
revealed a substantial decline in these groups. The impact of the treadmill showed a
significant decrease in serum levels, RANK, RANKL, and cathepsin K compared with the
D-gal group. The femur rats' histological examination of the osteoporotic group showed
resorption and marked trabecular thinning with numerous osteoclasts. In contrast, using an
electron microscope, the D-gal treadmill group showed a newly added lamellar structure
and several healthy osteocytes with fewer cavities in the bony plates and reduced micro-
fissures in femur compact bone.
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osteoclasts (8). In addition, osteoclast-mediated bone
resorption is aided by the cysteine protease cathepsin K,

Introduction

Deterioration of bone microarchitecture decreased bone
mineral density, and an increased risk of fractures are the
hallmarks of osteoporosis, a severe health issue (1-3).
Maintaining a healthy bone mass requires careful balancing
between osteoblastic bone production and osteoclastic bone
resorption (4,5). Conditions affecting the bones, such as
osteoporosis, can develop when this balance is upset (6,7).
Three essential proteins, RANK, RANK-L, and OPG, work
together to regulate the development and activation of
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which is involved in the breakdown of proteins that make up
the bone matrix (9-11). Cathepsins are endopeptidases found
in most cells, which take part in cell autolysis and self-
digestion of tissues (12). In humans, there are 11 members
of cathepsins which are distinguished by their structures,
catalytic mechanisms, and which proteins they cleave (13).
Cathepsin K (Cat K) is predominantly secreted by activated
osteoclasts to degrade collagen and other matrix proteins
during bone resorption (14). Effects of cathepsin K
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degradation: The proteolytic activity of cathepsin K on the
bone matrix results in weakened bone structure and loss of
bone density, contributing to the development of
osteoporosis. This increases the risk of fractures and bone
deterioration. The serum Cat K levels were significantly
elevated in women with postmenopausal osteoporosis (15).
Osteoporosis treatment strategies that focus on these
mechanisms appear promising (16,17). In experimental
models, D-galactose (D-Gal) has been widely used to induce
osteoporosis because of its capacity to speed up the aging
process and cause oxidative stress (18,19). Several organs
can experience aging effects due to increased oxidative
stress, apoptosis, and inflammation when an exogenous
amount of D-galactose is administered beyond the average
concentration (20,21). In long bones, increased porosity
close to the periosteal surface produces a more significant
loss of strength than increased porosity near the surface (22-
24). As a result, the bone cortex becomes more porous with
age, increasing surface area but weakening strength (25).
Physical activity, especially on a treadmill, has emerged as
an effective treatment option as a modulator of bone
remodeling (26,27). Treadmill exercise accelerates the
dynamic process of bone remodeling (28). Osteoclasts,
which degrade old or damaged bone, and osteoblasts, which
produce new hone, work together to remodel bone (29,30).
In the case of working, the mechanical loading triggers
osteoblasts' production of bone matrix (31). The total
adaptive response of bone to physical activity includes this
process, which is critical for the repair of microinjury within
the bone (32,33). Treadmill exercise during D-Gal-induced
osteoporosis in male rats has been shown to alter the
RANK/RANK-L, OPG, and Cathepsin K pathways. Still, the
molecular processes underlying these effects have yet to be
addressed (34,35). By studying osteoclast activity in male
rats with D-Gal-induced osteoporosis, this study hopes to
shed light on the complex relationship between treadmill
exercise and the aforementioned biochemical pathways (36).
Our goal is to provide helpful information that might lead to
the creation of osteoporosis-specific treatment strategies by
investigating the regulation of the RANK/RANK-L, OPG,
and Cathepsin K pathways (37). Treadmill activity is
considered a possible moderator in this work, which uses a
robust experimental design incorporating D-Gal induction to
mimic accelerated aging and osteoporosis  (38).
Understanding the molecular mechanisms of treadmill
exercise's effects on osteoclast activity will shed light on
bone homeostasis and provide new avenues for the research
and development of treatments to prevent and treat
osteoporosis and improve bone health (39). Exercising on a
treadmill raises your metabolic rate because it demands more
energy from your muscles, which in turn causes your muscle
mass to grow and your energy expenditure to rise (40). As an
alternative to storing galactose, the body can try to convert it
into energy. Enhanced oxidative stress is the result (41,42).
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This study aims to investigate the effect of treadmill
exercise on the inhibition of the RANK, RANK-L, OPG
pathway and its impact on osteoclast activity in male rats
with osteoporosis induced by D-galactose.

Materials and methods

Ethical approve

Under the reference number UOK.VET. PH.2023.075,
the study was conducted at the Kerbala University, College
of Veterinary Medicines' anatomical facility in Iraq.

Experimental design

Twenty-four male rats, each weighing between 190 and
210 g, were employed in this investigation. The rats were
kept in clean, comfortable cages with free access to food and
water (ad libitum), a 12-hour cycle of light and darkness,
50+5% relative humidity, and a constant temperature
(18+2°C). They were kept for two weeks to acclimate to the
usual experimental setting. For sixty days, the three groups
of rats were divided at random (8 rats per group). Control
group rats received 0.2 ml of normal saline injected
intraperitoneally. D-gal group rats in the D-gal group
received 200 mg/kg B.W. of D-galactose. D-gal+ treadmill
group rats in the D-gal+ treadmill group received the same
injections plus the added benefit of running on a treadmill
for 25 m/min, five days a week, for an hour, for sixty days.
Twenty-four rats were randomly assigned to one of three
groups for sixty days, with eight rats per group. For the first
group of rats, which served as a control, 0.2 ml of normal
saline was injected intraperitoneally. The rats in the D-gal
group received 200 mg/kg B.W injected intraperitoneally of
D-galactose (36), while the rats in the D-gal+ treadmill group
received the same injections plus the added benefit of
running on a treadmill for 25 m/min, five days a week, for an
hour, for sixty days (43) (Figure 1).

e——

Figure 1: The treadmill machine 25 m/min used in the
experiment was designed by the researcher.
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In designing a treadmill for rats, measuring and
understanding the speed at which it operates accurately is
crucial. This ensures that experiments or training sessions are
conducted consistently and effectively. Here's a detailed
breakdown of how we calculated the conversion from
treadmill rotations per minute (RPM) to meters per second
(m/s): Firstly, we started by determining the length of the
treadmill. Measurement revealed that the size of the
treadmill was 70 centimeters. This measurement provides a
fundamental parameter for our subsequent calculations.
Next, we examined the treadmill's RPM, recorded at 36
rotations per minute. This RPM value indicates how often
the treadmill belt rotates within a minute under the specified
conditions. To find out the total distance covered by the
treadmill belt in one minute, we multiplied the length of the
treadmill (70 cm) by the RPM (36 rotations per minute),
resulting in a total distance of 2520 centimeters per minute.
Since the standard unit for speed is meters per second (m/s),
we needed to convert the total distance covered per minute
from centimeters to meters. To do this, we divided the total
distance (2520 cm/min) by 100 cm, yielding a distance of
25.20 meters per minute. Finally, to express the speed in
meters per second, we converted the speed from meters per
minute to meters per second. By dividing the speed (25.20
meters per minute) by 60 seconds (the number of seconds in
a minute), we obtained a final speed of approximately 0.42
meters per second (43).

Collection of blood samples and histology preparation

After starving for the whole night, the animals were given
ketamine and xylazine to help them calm down and self-
regulate before blood samples were taken. The animal was
placed on its back, and a direct cardiac puncture was used to
introduce a sterile medical syringe containing five milliliters
of blood into its heart. The serum was placed in a different
gel tube without an anticoagulant and centrifuged for five
minutes at 3000 r/min. Blood sera stored at -20°C for
biochemical analysis, including Serum RANK(ELK5786)
RANKL(ELK2647), Cathepsin K (ELK1912) and
osteoprotegerin (ELK2530) determined by special Elisa kit
from ELK China. After the experiment's end, Femur bone
specimens were taken, and the muscles surrounding the bone
were removed. They were kept in buffered formalin at 10%
and then washed with distilled water. After washing, the
bones were put in formalin and nitric acid (1:3) overnight for
the decalcification process, and then they were passed into
the histokinate (44). Histological sections were made using
light and a Scanning Electron Microscope (ESM).

Statistics analysis

The statistical Graph Pad Prism 8.0 was for one-way
analysis of variance (ANOVA), with a significance level of
P<0.05 being selected as mean+SD.
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Results

The increase in the RANK in the d-gal group was
significant at 0.190+£0.015 compared to the control group
0.159+0.0013, as shown in figure 2. However, there was a
significant increase in the RANKL at 0.195+0.01 in the d-
gal group compared to the control group 0.155+0.01, as
shown in figure 3. Figure 4 of the current study demonstrated
that the d-gal group's serum OPG concentration was
significantly lower than the control group's 7.94+0.01, while
figure 5 demonstrated that the d-gal group's Cathepsin K
concentration was significantly higher than the control
group's 163.07+15.09 (Figures 2-13).
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Figure 2: Effect of 200 mg/kg of D-gal and 25m/min for
1hr/5 days treadmill sport for 8 weeks in the serum RANK
concentration on male rats. Values are expressed as
meanzSE. n=5/ group.
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Figure 3: Effect of 200 mg/kg of D-gal and 25m/min for
1hr/5 days treadmill sport in the serum RANKL
concentration on male rats. Values are expressed as
meanxSE. n=5/ group.
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Figure 4: Effect of 200 mg/kg of D-gal daily for 8weeks and
25m/min days treadmill sport in the serum OPG
concentration on the male rats. Values are expressed as
mean+SE. n=5/ group.
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Figure 5: effect of 200 mg/kg of D-gal daily for 8weeks and
25m/min days treadmill sport in the serum Cathapsin
concentration on the male rats.
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Figure 6: Photomicrograph of bone tissue section for a
control animal, showing the normal histology of cortical
bone, compact bone plate (white arrow), remarkable canals
(yellow arrow) with significant osteocyte lei into their
lacunae (red arrow), bone trabeculae (green arrow)
surrounding cavities of bone marrow (black arrow). (b)
Photomicrograph of bone tissue section for D-gal treated
animal, revealing the significant histological alterations
manifested by marked thinning of trabeculae (white arrow)
with irregular eroded borders (black arrow) (H&E, 4X).

Figure 7: Photomicrograph of bone tissue section for D-gal
treated animal, revealing the significant histological
alterations manifested by severe resorption and perforation
of compact bone (white arrow) with irregular atrophied
osteocytes (black arrow), (2d) Photomicrograph of bone
tissue section for D-gal treated animal, revealing remarkable
histological alterations represented by marked cavities
formations (white arrow) with numerous typical large
multinucleated osteoclasts released from surface of bony
trabeculae (black arrow).(H&E, 40X).

Figure 8: Photomicrograph of bone tissue section for D-gal
treated animal, revealing remarkable histological alterations
manifested by typical giant multinucleated osteoclasts in
bone plate (black arrow) with irregular plates edges(yellow
arrow) (3f) Photomicrograph of bone tissue section for D-gal
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treated animal, revealing remarkable histological alterations
manifested by marked lack of typical large multinucleated
osteoclasts in bone plate (black arrow) with irregular plates
edges(yellow arrow). (H&E, 100X).

Figure 9: Photomicrograph of bone tissue section for D-gal
treated animal with exercise, showing reversible histological
changes characterized by marked thickness in bone
trabeculae with newly added lamellar structure (white
arrow), numerous healthy osteocytes in trabeculae (black
arrow) with abundant cellularity red marrow (yellow
arrow),(4 h) Photomicrograph of bone tissue section for D-
gal treated animal with exercise, showing reversible
histological changes characterized by marked thickness in
bone trabecular with regular lamination (white arrow),
moderate to severe increase on osteocytes (black arrow) with
less cavities in bony plate (yellow arrow)and reduction in
micro-fissures (green arrow). (H&E, 4X).

Figure 10: Photomicrograph of bone tissue section for D-gal
treated animal with exercise, showing marked reversible
histological changes, compact bone matrix (white arrow),
and numerous well-differentiated osteocytes settled in their
lacunae (black arrow). (5m) Photomicrograph of bone tissue
section for D-gal treated animal with exercise, showing
reversible histological changes, elongated osteoblasts at the
border of the trabeculae (white arrow) with revered
osteocytes normal histology (black arrow). (H&E, 40X).
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Figure 11: An Electron microscope photograph of the control
group showed a reversal of the histological alterations
manifested by the marked thickness of trabeculae and
lamellar with emulate in the space of the Haversian canal
(cavities in the bony plate) and improvement in the bone
matrix.

Figure 12: Electron microscope photograph of the D-gal
group showed a significant histological alteration manifested
by marked thinning and irregular trabeculae and lamellar
with enlarged in the space of the Haversian canal (cavities in
the bony plate) resorption in the bone matrix.

Figure 13: An Electron microscope photograph of the D-gal
+ treadmill group showed reversible histological alterations
manifested by the marked thickness of trabeculae and bone
lamellar in the space of the Haversian canal (cavities in the
bony plate) in the bone matrix.
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Discussion

Excessive D-galactose can be converted to hydrogen
peroxide and aldose using galactose oxidase, culminating in
free radicals’ generation (FRs), eventually impairing many
cellular functions (45). Decreased antioxidant enzyme
activity, increased oxidative stress, cognitive dysfunction,
mitochondrial dysfunction, accumulation of metabolites, and
diminished immune response (46,47). The level of cathepsin
K rises with high D-galactose consumption, which is thought
to be a sign of worsened bone loss (48). Cellular stress-
inducing intrinsic damage, such as DNA damage or
increased reactive oxygen species (ROS), eventually
converges at the mitochondria, where the cell's fate is
decided. Under pathological conditions, not only is the
expression and activity of Cat B increased, but lysosomal
membrane permeabilization also leads to the release of Cat
B into the cytoplasm, initiating various types of PCD (49).
Cystatins, a superfamily of tight-binding inhibitors of
papain-like cysteine peptidases, are widely applied to inhibit
Cat B (50).

Activity Studies have found that consuming D-galactose
exacerbates age- and obesity-related bone loss, leading to an
elevation in the serum level of cathepsin K (51). Cathepsin
K is responsible for the degradation of type I collagen in
osteoclast-mediated bone resorption (52). Cathepsin K is a
cysteine protease of the papain family, now considered the
primary enzyme responsible for the degradation of the
organic bone matrix. It is highly and selectively expressed in
osteoclasts and, under acidic conditions, has the unique
ability to degrade type I collagen helical regions (53).

The abundant expression of Cat K instead of the other
cathepsins was previously identified in osteoclasts (54).
Furthermore, a study has shown elevation in the serum
RANK, RANK-L OPG in the D-gal group compared with
other groups and an increase in the serum Cat K expression,
which is regulated by the receptor activator of nuclear factor
kB ligand (RANKL)-RANK signaling (55), the critical
signaling pathway of osteoclast genesis. The activation of the
RANKL-RANK signaling pathway in osteoclast precursors
stimulates the pro-osteoclastogenic transcriptional factor
NFATc1 (nuclear factor of activated T cells) to initiate the
transcription of Cat K (56). In bone resorption, Cat K is
secreted from mature osteoclasts into the sealing zone, a
dynamic actin-rich cell-matrix adhesion structure that
defines the resorption area of bone (57); it is known that Cat
K can efficiently degrade type I collagen (52). D-galactose is
a type of sugar. Studies have shown that excessive
consumption of sugars, including D-galactose, may be
detrimental to bone health. Dietary sugar levels may impact
the ratio of proteins connected to bone, such as OPG (58).
The specific mechanisms by which D-galactose affects OPG
levels may involve complex interactions within the
biological context and environmental conditions (59).

22

Administering D- D-galactose to rats may impact the
hormone system, particularly those linked to bone. One
protein that helps control bone activity is RANKL, and its
balance can be affected by hormonal fluctuations (60,61),
which may impact the equilibrium of RANKL and OPG by
influencing the equilibrium of proteins linked to bone.
Increased bone activity may result from bone resorption or
other reactions if there is an increase in RANKL without a
matching balance with OPG (62). It may also contribute to
inflammatory  responses, with RANKL potentially
increasing levels in rats (63). Osteocytes could also express
and secrete Cat K, which was required for the lactation-
induced peri-lacunar resorption to guarantee adequate
amounts of calcium in milk for the skeletal development in
offspring (64). Mechanical loading could stimulate
osteoblasts and osteocytes to express CatK, whereby it could
modulate modeling-based cortical bone formation by
degrading periostin (65).

Treadmill (66) found that the CatK-deficient osteoclasts
would secrete more sphingosine-1-phosphate (S1P) to
enhance osteoblastic bone formation. The excess mechanical
stress loading could stimulate the CatK expression in human
chondrocytes (67), inhibition of CatK by mechanical stress
for eight weeks and 25m/min days treadmill sport could
suppress the cartilage degradation as well as the systemic and
local bone loss (68-71). Since suppressing CatK activity
could prevent bone resorption without perturbing bone
formation (14), it has become an attractive target for anti-
resorptive drug development.

In most studies, exercise and physical activities promote
bone health by increasing OPG and decreasing RANKL
levels. However, several investigations have reported no
change in OPG and RANKL levels after exercise. The
current study showed a significant decrease in the serum
OPG, which acts as a negative regulator of osteoclast
genesis. It helps maintain bone homeostasis by preventing
excessive bone resorption. The balance between OPG and
RANKL is crucial for maintaining bone density and
preventing loss. When RANKL binds to its receptor on the
surface of osteoclast precursors, RANK promotes osteoclast
formation and activation, leading to increased bone
resorption. However, OPG competitively binds to RANKL,
preventing its interaction with RANK by binding to
RANKL, and OPG inhibits the formation and activation of
osteoclasts.

Through the histological results of the bone examined
under the microscope, there are significant differences
between the control group and the D-galactose group, as the
galactose group has activated osteoclast cells, which cause
bone necrosis and failure to perform their functions properly,
which leads to weakness in the bone tissue. In addition, due
to the loss of calcium from the bones, this may have
happened because D-galactose leads to bone cell (osteocyte)
apoptosis and death in bone tissue, which leads to activity in
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the osteoclast, While the control group did not change and
was similar to normal bone tissue (72,73).

The combination group showed significant differences
compared to the D-gal group, as the treadmill group showed
an improvement in bone formation and a decrease in bone
osteoclast compared to the D-gal group. Also, the efforts of
osteoblasts were in higher quantity in the D-gal group
compared to the treadmill group. This result occurs due to
the consumption of D-gal before it leads to damage due to
the oxidative stress effect it can cause, which leads to
preserving the body from the oxidative effect. In addition,
exercise has been found to help regulate growth hormones,
which work to build bones, produce bone osteocyte cells, and
add calcium to the bone (71). The image demonstrates
histological changes in the bone due to D-gal treatment,
including reduced trabecular density and bone structure
erosion. These changes may indicate an increased risk of
osteoporosis and bone structural weakness in D-gal-treated
animals. The histological alterations observed in the bone
tissue sections of D-gal-treated animals suggest significant
changes in bone remodeling dynamics. The presence or
absence of large multinucleated osteoclasts and irregularities
in the bone plate edges indicate aberrant bone turnover and
remodeling processes, which could contribute to bone
pathology and structural changes associated with D-gal
treatment (74).

On the other hand, the examination by electron
microscopy showed that the D-gal group showed Significant
histological alterations manifested by marked thinning and
irregularity of the trabeculae and lamellar with enlarged
space of the Haversian canal. This result may be a result of
the increased effectiveness of the osteoclast in the bone and
thus causes a delay in the area, which leads to its appearance
in an irregular shape with the presence of holes, While the
group that underwent treadmill did not show the same results
as the D-gal group, as its results were closer to the control
group, and thus reflects the importance of exercise in
preserving the bone and preserving the structural
composition of the bone and its safety from pathological
injuries (75,76).

The effect of exercise on increasing bone mass is known
to be caused by accelerated osteogenesis3 and inhibition of
bone resorption, but its specific mechanism is still unclear.
Recent studies have shown a lack of evidence supporting the
inhibition of bone resorption upon exercising (77). The
binding of RANKL and its receptor, RANK, triggers the
activation of signaling related to the formation and
differentiation of osteoclasts and regulates bone resorption.
Additionally, osteoprotegerin (OPG) acts as a decoy receptor
that binds to RANKL, thereby blocking osteoclast
differentiation and activation (77). One study showed the
serum concentrations of RANKL and OPG and the mRNA
expression of RANK, RANKL, and OPG were not
significantly changed upon acute treadmill exercise training,
reaching 60 or 80% VO- 2max in healthy college female
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subjects18 (78). The binding of RANKL, which is secreted
in osteoblasts, to its receptor RANK, which is secreted in
osteoclasts, promotes osteoclast differentiation into cells
with multiple nuclei, and the expression of specific cytokines
and hormones increases in osteocytes. The effect of
sufficient exercise to improve cardiorespiratory fitness, the
impact on RANKL/RANK/OPG signaling, and bone-
resorptive cytokines will be limited (79).

Conclusion

The present study demonstrates that treadmill exercise
stimulates bone formation and suppresses bone resorption;
exercise increases cancellous bone mass through increased
bone formation, decreased bone sorption, and increased
cortical bone mass due to increased periosteal bone
formation for facilitating this study.

Acknowledgments

I would like to express my gratitude to College of
Veterinary Medicine, University of Karbala.

Conflict of interests

The authors have not received any funding or benefits
from industry, financing agencies, or elsewhere to conduct
this study.

Reference

1. AL-ganbar MM, AL-Bazi WJ, Abd-Alsalam HA. The effect of
Hyperhomocysteinemia on osteoclast activity in male New Zealand
white rabbits. Res J Pharm Technol. 2022;15(12):5443-5448. DOI:
10.52711/0974-360X.2022.00917

2. Whittier DE, Samelson EJ, Hannan MT, Burt LA, Hanley DA, Biver E,
Szulc P, Sornay-Rendu E, Merle B, Chapurlat R, Lespessailles E. Bone
microarchitecture phenotypes identified in older adults are associated
with different levels of osteoporotic fracture risk. J Bone Miner Res.
2020;37(3):428-39. DOI: 10.1002/jbmr.4494

3. Trajanoska K, Rivadeneira F. The genetic architecture of osteoporosis
and fracture risk. Bone. 2019;126:2-10. DOI:
10.1016/j.bone.2019.04.00

4. Kim JM, Lin C, Stavre Z, Greenblatt MB, Shim JH. Osteoblast-
osteoclast communication and bone  homeostasis.  Cells.
2020;9(9):2073. DOI: 10.3390/cells9092073

5. Yin X, Zhou C, Li J, Liu R, Shi B, Yuan Q, Zou S. Autophagy in bone
homeostasis and the onset of osteoporosis. Bone Res. 2019;7(1):28.
DOI: 10.1038/s41413-019-0058-7

6. Unnanuntana A, Rebolledo BJ, Khair MM, DiCarlo EF, Lane JM.
Diseases affecting bone quality: beyond osteoporosis. Clin Orthop
Relat Res. 2011;469(8):2194-206. DOI: 10.1007/s11999-010-1694-9

7. Bader OA, Nahi HH. Effect of estrogens level on the fracture healing
of tibia bone after ovariectomy and ovariohysterectomy in female dogs.
Iraqi J Vet Sci. 2023;37(4):921-8. DOL:
10.33899/ijvs.2023.138814.2845



http://dx.doi.org/10.52711/0974-360X.2022.00917
https://doi.org/10.1002/jbmr.4494
https://doi.org/10.1016/j.bone.2019.04.005
https://doi.org/10.3390/cells9092073
https://doi.org/10.1038/s41413-019-0058-7
https://doi.org/10.1007/s11999-010-1694-9
https://doi.org/10.33899/ijvs.2023.138814.2845

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Iragi Journal of Veterinary Sciences, Vol. 38, Supplement I, 2024 (17-26)
Proceedings of the 5th Scientific Conference, College of Veterinary Medicine, University of Karbala

Wada T, Nakashima T, Hiroshi N, Penninger JM. RANKL-RANK
signaling in osteoclastogenesis and bone disease. Trends Mol Med.
2006;12(1):17-25. DOI: 10.1016/j.molmed.2005.11.007

Grimaud E, Soubigou L, Couillaud S, Coipeau P, Moreau A, Passuti N,
Gouin F, Redini F, Heymann D. Receptor activator of nuclear factor kB
ligand (RANKL)/osteoprotegerin (OPG) ratio is increased in severe
osteolysis. Am J Pathol. 2003;163(5):2021-31. DOI: 10.1016/s0002-
9440[10]63560-2

Deaton DN, Tavares FX. Design of cathepsin K inhibitors for
osteoporosis. Curr Topics Med Chem. 2005;5(16):1639-75. DOI:
10.2174/156802605775009676

Sengupta S. In vitro bone tissue engineering with silk biomaterial-based
system [master’s thesis]. USA: Tufts University, Massachusetts; 2010.
available at]

Xie Z, Zhao M, Yan C, Kong W, Lan F, Narengaowa, Zhao S, Yang Q,
Bai Z, Qing H, Ni J. Cathepsin B in programmed cell death machinery:
mechanisms of execution and regulatory pathways. Cell Death Dis.
2023;14(4):255. DOI: 10.1038/s41419-023-05786-0

Turk V, Turk B, Turk D. Lysosomal cysteine proteases: Facts and
opportunities. EMBO J. 2001;20:4629-4633. DOI:
10.1093/emboj/20.23.6570

Costa AG, Cusano NE, Silva BC, Cremers S, Bilezikian JP. Cathepsin
K: Its skeletal actions and role as a therapeutic target in osteoporosis.
Nat Rev Rheumatol. 2011;7(8):447-56. DOI:
10.1038/nrrheum.2011.77

Meier C, Meinhardt U, Greenfield JR, De Winter J, Nguyen TV,
Dunstan CR, Seibel MJ. Serum cathepsin K concentrations reflect
osteoclastic activity in women with postmenopausal osteoporosis and
patients with Paget's disease. Clin Lab. 2006;52(1-2):1-10. [available
at]

Xu H, Wang W, Liu X, Huang W, Zhu C, Xu Y, Yang H, Bai J, Geng
D. Targeting strategies for bone diseases: Signaling pathways and
clinical studies. Signal Transduct Target Ther. 2023;8(1):202. DOI:
10.1038/s41392-023-01467-8.

Ezzeldein SA, Bayoumi Y, Eisa EF, Metwally M, Attia NE, Abd El
Raouf M. Clinicopathological and imaging features of hypertrophic
osteopathy in dogs. Iraqi J Vet Sci. 2022;36(4):991-7. DOI:
10.33899/1JVS.2022.132804.2133

Imerb N, Thonusin C, Pratchayasakul W, Arunsak B, Nawara W,
Ongnok B, Aeimlapa R, Charoenphandhu N, Chattipakorn N,
Chattipakorn SC. D-galactose-induced aging aggravates obesity-
induced bone dyshomeostasis. Sci Rep. 2022;12(1):8580. DOI:
10.1038/s41598-022-12206-4

Mahdi SS, Albazi W, Hussain Al-Aameli M. The beneficial effect of
glutathione in protection of the central nerves system from damage
induced by D-galactose. In 1st Int Ninevah Conf Med Sci (INCMS
2021). Atlantis Press; 2021. 70-74 p. DOI: 10.2991/ahsr.k.211012.012
Al-Hasnawi H, Albazi W, Altaee R. Potential effects of Alpha lipoic
acid on behavioral alteration and glutamate accumulation during d-gal-
induced brain aging in male rats. Int J Health Sci. 2022;6:7974-83.
DOI:10.53730/ijhs.v6ns6.12191

Alameri H, Albazi W, Al-Aameli MH. Preventive role of spirulina on
the some biomarkers in heart aging induced by D-galactose on the male
rabbits. 2022;6(S1):14568-14581. DOI: 10.53730/ijhs.v6nS1.10149
Ramchand SK, Seeman E. The influence of cortical porosity on the
strength of bone during growth and advancing age. Curr Osteop Rep.
2018;16:561-72. DOI: 10.1007/511914-018-0478-0

Buenzli PR, Thomas CD, Clement JG, Pivonka P. Endocortical bone
loss in osteoporosis: the role of bone surface availability. Int J Numer
Method Biomed Eng. 2013;29(12):1307-22. DOI: 10.1002/cnm.2567

24

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

Al-Jameel WH, Al-Sabaawy HB, Abed FM, Al-Mahmood SS.
Immunohistochemical expression of proliferation markers in canine
osteosarcoma. Iragi J Vet Sci. 2022;36(4):1097-102. DOI:
10.33899/ijvs.2022.133138.2177

Ali MA, Kadhim AH, Al-Thuwaini TM. Genetic variants of the bone
morphogenetic protein gene and its association with estrogen and
progesterone levels with litter size in Awassi ewes. lragi J Vet Sci.
2022;36(4):1017-22. DOI: 10.33899/1JVS.2022.132903.2143

Havlik LP, Simon KE, Smith JK, Klinc KA, Tse LV, Oh DK, Fanous
MM, Meganck RM, Mietzsch M, Kleinschmidt J, Agbandje-McKenna
M. Coevolution of adeno-associated virus capsid antigenicity and
tropism through a structure-guided approach. J Virol. 2020;94(19):10-
128. DOI: 10.3390/ijms21249471

Pagnotti GM, Styner M, Uzer G, Patel VS, Wright LE, Ness KK, Guise
TA, Rubin J, Rubin CT. Combating osteoporosis and obesity with
exercise: leveraging cell mechanosensitivity. Nat Rev Endocrinol.
2019;15(6):339-55. DOI: 10.1038/s41574-019-0170-1

Maimoun L, Sultan C. Effects of physical activity on bone remodeling.
Metabolism. 2011;60(3):373-88. DOI: 10.1016/j.metabol.2010.03.001
Tobeiha M, Moghadasian MH, Amin N, Jafarnejad S.
RANKL/RANK/OPG pathway: A mechanism involved in exercise-
induced bone remodeling. Biomed Res Int. 2020;2020(1):6910312.
DOI: 10.1155/2020/6910312

Kenkre JS, Bassett JH. The bone remodelling cycle. Ann Clin Biochem.
2018;55(3):308-27. DOI: 10.1177/0004563218759371

Harter LV, Hruska KA, Duncan RL. Human osteoblast-like cells
respond to mechanical strain with increased bone matrix protein
production independent of hormonal regulation. Endocrinol.
1995;136(2):528-35. DOI: 10.1210/en.136.2.528

Schiessl H, Frost HM, Jee WS. Estrogen and bone-muscle strength and
mass relationships. Bone. 1998;22(1):1-6. DOI:
10.1007/s007760050053

Donahue SW, Galley SA. Microdamage in bone: implications for
fracture, repair, remodeling, and adaptation. Crit Rev Biomed Eng.
2006;34(3). DOI: 10.1615/CritRevBiomedEng.v34.i3.20

Tobeiha M, Moghadasian MH, Amin N, Jafarnejad S.
RANKL/RANK/OPG pathway: A mechanism involved in exercise-
induced bone remodeling. Biomed Res Int. 2020;2020(1):6910312.
DOI: 10.1155/2020/6910312

Puchert M, Obst J, Koch C, Zieger K, Engele J. CXCL11 promotes
tumor progression by the biased use of the chemokine receptors
CXCR3 and CXCR7. Cytokine. 2020;125:154809. DOI:
10.1124/molpharm.120.000056

Mahmoud MA, Saleh DO, Safar MM, Agha AM, Khattab MM.
Chloroquine ameliorates bone loss induced by d-galactose in male rats
via inhibition of ERK associated osteoclastogenesis and antioxidant
effect. Toxicol Rep. 2021;8:366-75. DOl:
10.1016/j.toxrep.2021.02.007

Lewiecki EM, Bilezikian JP, Cooper C, Hochberg MC, Luckey MM,
Maricic M, Miller PD. Proceedings of the Eighth Annual Santa Fe Bone
Symposium, August 3-4, 2007. J Clin Densitom. 2008;11(2):313-24.
DOI: 10.1016/j.jocd.2007.12.017

He Z, Chen P, Li X, Wang Y, Yu G, Chen C, Li X, Zheng Z. A
spatiotemporal deep learning approach for unsupervised anomaly
detection in cloud systems. IEEE Trans Neural Netw Learn Syst.
2020;34(4):1705-19. DOI: 10.3389/fphys.2020.583478

McDonald MM, Kim AS, Mulholland BS, Rauner M. New insights into
osteoclast biology. J Bone Miner Res Plus. 2021;5(9):10539. DOI:

10.1002/jbm4.10539



https://doi.org/10.1016/j.molmed.2005.11.007
https://doi.org/10.1016/s0002-9440(10)63560-2
https://doi.org/10.1016/s0002-9440(10)63560-2
https://doi.org/10.2174/156802605775009676
https://search.proquest.com/openview/b321026182d112fca74ebf42f935f404/1?pq-origsite=gscholar&cbl=18750
https://doi.org/10.1038/s41419-023-05786-0
https://doi.org/10.1093/emboj/20.23.6570
https://doi.org/10.1038/nrrheum.2011.77
https://www.researchgate.net/profile/Christian-Meier-10/publication/7272047_Serum_cathepsin_K_concentrations_reflect_osteoclastic_activity_in_women_with_postmenopausal_osteoporosis_and_patients_with_Paget's_disease/links/0a85e53993ea396c36000000/Serum-cathepsin-K-concentrations-reflect-osteoclastic-activity-in-women-with-postmenopausal-osteoporosis-and-patients-with-Pagets-disease.pdf
https://www.researchgate.net/profile/Christian-Meier-10/publication/7272047_Serum_cathepsin_K_concentrations_reflect_osteoclastic_activity_in_women_with_postmenopausal_osteoporosis_and_patients_with_Paget's_disease/links/0a85e53993ea396c36000000/Serum-cathepsin-K-concentrations-reflect-osteoclastic-activity-in-women-with-postmenopausal-osteoporosis-and-patients-with-Pagets-disease.pdf
https://doi.org/10.1038/s41392-023-01467-8
https://doi.org/10.33899/IJVS.2022.132804.2133
https://doi.org/10.1038/s41598-022-12206-4
https://doi.org/10.2991/ahsr.k.211012.012
https://doi.org/10.53730/ijhs.v6ns6.12191
https://doi.org/10.53730/ijhs.v6nS1.10149
https://doi.org/10.1007/s11914-018-0478-0
https://doi.org/10.1002/cnm.2567
https://doi.org/10.33899/ijvs.2022.133138.2177
https://doi.org/10.33899/IJVS.2022.132903.2143
https://doi.org/10.3390/ijms21249471
https://doi.org/10.1038/s41574-019-0170-1
https://doi.org/10.1016/j.metabol.2010.03.001
https://doi.org/10.1155/2020/6910312
https://doi.org/10.1177/0004563218759371
https://doi.org/10.1210/en.136.2.528
https://doi.org/10.1007/s007760050053
https://doi.org/10.1615/CritRevBiomedEng.v34.i3.20
https://doi.org/10.1155/2020/6910312
https://doi.org/10.1124/molpharm.120.000056
https://doi.org/10.1016/j.toxrep.2021.02.007
https://doi.org/10.1016/j.jocd.2007.12.017
https://doi.org/10.3389/fphys.2020.583478
https://doi.org/10.1002/jbm4.10539

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Iragi Journal of Veterinary Sciences, Vol. 38, Supplement I, 2024 (17-26)
Proceedings of the 5th Scientific Conference, College of Veterinary Medicine, University of Karbala

Poehlman ET, Melby CL, Goran MI. The impact of exercise and diet
restriction on daily energy expenditure. Sports Med. 1991;11:78-101.
DOI: 10.2165/00007256-199111020-00002

Tan BL, Norhaizan ME, Liew WP, Sulaiman Rahman H. Antioxidant
and oxidative stress: A mutual interplay in age-related diseases. Front
Pharmacol. 2018;9:402374. DOI: 10.1155/2018/9719584

Saleh WM, Al-Abada HK, Naeem RM, lbrahim AA, Alsaad IA, Naji
HA. Clinical and hematological profiles of vitamin D3 deficiency in
Najdi  lambs. Iragi J Vet Sci. 2023;37:89-95. DOI:
10.33899/ijvs.2023.137356.2674

Iwamoto J, Shimamura C, Takeda T, Abe H, Ichimura S, Sato Y,
Toyama Y. Effects of treadmill exercise on bone mass, bone
metabolism, and calciotropic hormones in young growing rats. J Bone
Miner Metab. 2004;22:26-31. DOI: 10.1007/s00774-003-0443-5
Boyde A. Scanning Electron Microscopy of Bone. In: Helfrich M,
Ralston S, editors. Bone Research Protocols. Methods in Molecular
Biology. USA: Humana Press; 2012. DOI: 10.1007/978-1-61779-415-
52

Chen P, Chen F, Zhou B. Antioxidative, anti-inflammatory and anti-
apoptotic effects of ellagic acid in liver and brain of rats treated by D-
galactose. Sci Rep. 2018;8(1):1465. DOI: 10.1038/s41598-018-19732-
0

Aydin S, Yanar K, Atukeren P, Dalo E, Sitar ME, Uslu E, Caf N,
Cakatay U. Comparison of oxidative stress biomarkers in renal tissues
of D-galactose induced, naturally aged and young rats. Biogerontol.
2012;13:251-60. DOI: 10.1007/s10522-011-9370-3

Jeremy M, Gurusubramanian G, Roy VK. Localization pattern of
visfatin (NAMPT) in d-galactose induced aged rat testis. Anat Anz.
2017;211:46-54. DOI: 10.1016/j.aanat.2017.01.009

LiL,ChenB, ZhuR, LiR, TianY, Liu C, Jia Q, Wang L, Tang J, Zhao
D, Mo F. Fructus Ligustri Lucidi preserves bone quality through the
regulation of gut microbiota diversity, oxidative stress, TMAO and
Sirt6  levels in aging mice. Aging. 2019;11(21):9348.
DOI: 10.18632/aging.102376

Zamyatnin Jr AA, Gregory LC, Townsend PA, Soond SM. Beyond
basic research: The contribution of cathepsin B to cancer development,
diagnosis and therapy. Expert Opin Ther Targets. 2022;26(11):963-77.
DOI: 10.1080/14728222.2022.2161888

Watanabe S, Hayakawa T, Wakasugi K, Yamanaka K. Cystatin C
protects neuronal cells against mutant copper-zinc superoxide
dismutase-mediated toxicity. Cell Death Dis. 2014;5:e1497. DOI:
10.1038/cddis.2014.459

Imerb N, Thonusin C, Pratchayasakul W, Chanpaisaeng K, Aeimlapa
R, Charoenphandhu N, Chattipakorn N, Chattipakorn SC. Hyperbaric
oxygen therapy exerts anti-osteoporotic effects in obese and lean D-
galactose-induced aged rats. FASEB J. 2023;37(11):e23262. DOI:
10.1096/fj.202301197RR

Garnero P, Borel O, Byrjalsen I, Ferreras M, Drake FH, McQueney MS,
Foged NT, Delmas PD, Delaissé JM. The collagenolytic activity of
cathepsin K is unique among mammalian proteinases. J Biol Chem.
1998;273(48):32347-52. DOI: 10.1074/jbc.273.48.3234

Bromme D, Okamoto K. Human cathepsin O2, a novel cysteine
protease highly expressed in osteoclastomas and ovary molecular
cloning, sequencing and tissue distribution. Biol Chem Hoppe Seyler.
1995;376:379-384. DOI: 10.1515/bchm3.1995.376.6.379

Drake FH, Dodds RA, James IE, Connor JR, Debouck C, Richardson
S, Lee-Rykaczewski E, Coleman L, Rieman D, Barthlow R, Hastings
G. Cathepsin K, but Not Cathepsins B, L, or S, is abundantly expressed
in human osteoclasts. J Biol Chem. 1996;271(21):12511-6. DOI:
10.1074/jbc.271.21.12511

25

55

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

. T Troen BR. The regulation of cathepsin K gene expression. Ann NY
Acad of Sci. 2006;1068(1):165-72. DOI: 10.1196/annals.1346.018
Balkan W, Martinez AF, Fernandez |, Rodriguez MA, Pang M, Troen
BR. Identification of NFAT binding sites that mediate stimulation of
cathepsin K promoter activity by RANK ligand. Gene. 2009;446(2):90-
8. DOI: 10.1016/j.gene.2009.06.013

Takito J, Inoue S, Nakamura M. The sealing zone in osteoclasts: A self-
organized structure on the bone. Int J Mol Sci. 2018;19(4):984. DOI:
10.3390/ijms19040984

El-Baz FK, Saleh DO, Jaleel GA, Hussein RA, Hassan A.
Heamatococcus pluvialis ameliorates bone loss in experimentally-
induced osteoporosis in rats via the regulation of OPG/RANKL
pathway. Biomed Pharmacother.  2019;116:109017. DOI:
10.1016/j.biopha.2019.10901

Marcucci G, Domazetovic V, Nediani C, Ruzzolini J, Favre C, Brandi
ML. Oxidative stress and natural antioxidants in osteoporosis: Novel
preventive and therapeutic approaches. Antioxidants. 2023;12(2):373.
DOI: 10.3390/antiox1202037

Partadiredja G, Karima N, Utami KP, Agustiningsih D, Sofro ZM. The
effects of light and moderate intensity exercise on the femoral bone and
cerebellum of D-galactose-exposed rats. Rejuvenation Res.
2019;22(1):20-30. DOI: 10.1089/rej.2018.205

Ibrahim I, Syamala S, Ayariga JA, Xu J, Robertson BK,
Meenakshisundaram S, Ajayi OS. Modulatory effect of gut microbiota
on the gut-brain, gut-bone axes, and the impact of cannabinoids.
Metabolites. 2022;12(12):1247. DOI: 10.3390/metab012121247
Pivonka P, Zimak J, Smith DW, Gardiner BS, Dunstan CR, Sims NA,
Martin TJ, Mundy GR. Theoretical investigation of the role of the
RANK-RANKL-OPG system in bone remodeling. J Theor Biol.
2010;262(2):306-16. DOI: 10.1016/j.jtbi.2009.09.021

Attari SS, Mohammadi S, Ebrahimzadeh A, Hosseinzadeh H,
Soukhtanloo M, Rajabzadeh A. Effects of thymoquinone on sperm
parameters, apoptosis, testosterone level, and oxidative stress in a
mouse model of D-galactose-induced aging. Pharm  Sci.
2018;24(3):180-6. DOI: 10.15171/PS.2018.26

Lotinun S, Ishihara Y, Nagano K, Kiviranta R, Carpentier VT, Neff L,
Parkman V, Ide N, Hu D, Dann P, Brooks D. Cathepsin K—deficient
osteocytes prevent lactation-induced bone loss and parathyroid
hormone suppression. J Clin Invest. 2019;129(8):3058-71. DOI:
10.1172/JC1122936

Bonnet N, Brun J, Rousseau JC, Duong LT, Ferrari SL. Cathepsin K
controls cortical bone formation by degrading periostin. J Bone Miner
Res. 2017;32(7):1432-41. DOI: 10.1002/jbmr.3136

Lotinun S, Kiviranta R, Matsubara T, Alzate JA, Neff L, Luth A,
Koskivirta 1, Kleuser B, Vacher J, Vuorio E, Horne WC. Osteoclast-
specific cathepsin K deletion stimulates S1P-dependent bone
formation. J Clin Invest. 2013;123(2). DOI: 10.1172/JC164840

Suzuki M, Takahashi N, Sobue Y, Ohashi Y, Kishimoto K, Hattori K,
Ishiguro N, Kojima T. Hyaluronan suppresses enhanced cathepsin K
expression via activation of NF-kB with mechanical stress loading in a
human chondrocytic HCS-2/8 cells. Sci Rep. 2020;10(1):216.DOI:
10.1038/541598-019-57073-8

Asagiri M, Hirai T, Kunigami T, Kamano S, Gober HJ, Okamoto K,
Nishikawa K, Latz E, Golenbock DT, Aoki K, Ohya K. Cathepsin K-
dependent toll-like receptor 9 signaling revealed in experimental
arthritis. Sci. 2008;319(5863):624-7. DOI: 10.1126/science.1150110
Svelander L, Erlandsson-Harris H, Astner L, Grabowska U, Klareskog
L, Lindstrom E, Hewitt E. Inhibition of cathepsin K reduces bone
erosion, cartilage degradation and inflammation evoked by collagen-



https://doi.org/10.2165/00007256-199111020-00002
https://doi.org/10.1155/2018/9719584
https://doi.org/10.33899/ijvs.2023.137356.2674
https://doi.org/10.1007/s00774-003-0443-5
https://doi.org/10.1007/978-1-61779-415-5_2
https://doi.org/10.1007/978-1-61779-415-5_2
https://doi.org/10.1038/s41598-018-19732-0
https://doi.org/10.1038/s41598-018-19732-0
https://doi.org/10.1007/s10522-011-9370-3
https://doi.org/10.1016/j.aanat.2017.01.009
https://doi.org/10.18632%2Faging.102376
https://doi.org/10.1080/14728222.2022.2161888
https://doi.org/10.1038/cddis.2014.459
https://doi.org/10.1096/fj.202301197RR
https://doi.org/10.1074/jbc.273.48.3234
https://doi.org/10.1515/bchm3.1995.376.6.379
https://doi.org/10.1074/jbc.271.21.12511
https://doi.org/10.1196/annals.1346.018
https://doi.org/10.1016/j.gene.2009.06.013
https://doi.org/10.3390/ijms19040984
https://doi.org/10.1016/j.biopha.2019.109017
https://doi.org/10.3390/antiox12020373
https://doi.org/10.1089/rej.2018.2050
https://doi.org/10.3390/metabo12121247
https://doi.org/10.1016/j.jtbi.2009.09.021
https://doi.org/10.15171/PS.2018.26
https://doi.org/10.1172/JCI122936
https://doi.org/10.1002/jbmr.3136
https://doi.org/10.1172/JCI64840
https://doi.org/10.1038/s41598-019-57073-8
https://doi.org/10.1126/science.1150110

70.

71

72.

73.

74.

75.

76.

77.

78.

79.

Iragi Journal of Veterinary Sciences, Vol. 38, Supplement I, 2024 (17-26)
Proceedings of the 5th Scientific Conference, College of Veterinary Medicine, University of Karbala

induced arthritis in mice. Eur J Pharmacol. 2009;613(1-3):155-62. DOI:
10.1016/j.ejphar.2009.03.074

‘Yamashita T, Hagino H, Hayashi I, Hayashibara M, Tanida A, Nagira
K, Fukui R, Nagashima H. Effect of a cathepsin K inhibitor on arthritis
and bone mineral density in ovariectomized rats with collagen-induced
arthritis. Bone Rep. 2018;9:1-10. DOI: 10.1016/j.bonr.2018.05.006
Yamada H, Mori H, Nakanishi Y, Nishikawa S, Hashimoto Y, Ochi Y,
Tanaka M, Kawabata K. Effects of the Cathepsin K Inhibitor ONO-
5334 and Concomitant Use of ONO-5334 with Methotrexate on
Collagen-Induced Arthritis in Cynomolgus Monkeys. Int J Rheumatol.
2019;2019(1):5710340. DOI: 10.1155/2019/5710340

Hor YY, Ooi CH, Lew LC, Jaafar MH, Lau AY, Lee BK, Azlan A,
Choi SB, Azzam G, Liong MT. The molecular mechanisms of probiotic
strains in improving ageing bone and muscle of d-galactose-induced
ageing rats. J Appl Microbiol. 2021;130(4):1307-22. DOI:
10.1111/jam.14776

Xing X, Tang Q, Zou J, Huang H, Yang J, Gao X, Xu X, Ma S, Li M,
Liang C, Tan L. Bone-targeted delivery of senolytics to eliminate
senescent cells increases bone formation in senile osteoporosis. Acta
Biomater. 2023;157:352-66. DOI: 10.1016/j.actbio.2022.11.05

Liu X, Zhou M, Tan J, Ma L, Tang H, He G, Tao X, Guo L, Kang X,
Tang K, Bian X. Inhibition of CX3CL1 by treadmill training prevents
osteoclast-induced fibrocartilage complex resorption during TBI
healing. Front Immunol. 2024;14:1295163. DOI:
10.3389/fimmu.2023.1295163

Gao L, Li Y, Yang YJ, Zhang DY. The effect of moderate-intensity
treadmill exercise on bone mass and the transcription of peripheral
blood mononuclear cells in ovariectomized rats. Front Physiol.
2021;12:729910. DOI: 10.3389/fphys.2021.729910

Lacroix D. Biomechanical aspects of bone repair. In: Pawelec KM,
Planell JA, editors. Bone Repair Biomaterials. UK: Woodhead
Publishing; 2019. 53-64 p. DOI: 10.1016/B978-0-08-102451-5.00003-
2

BF B. Functions of RANDL/RANK/OPG in bone modeling and
remodeling. Arch Biochem Bioophys. 2008;473:139-46. DOI:
10.1016/j.abb.2008.03.018

KimJY, Kim HJ, Park DH, Shin YA, Min SK, Kim CS. The effects of
acute exercise on RANKL/RANK/OPG pathway and bone metabolic
markers in healthy college female. Exercise Sci. 2018;27(3):225-31
DOI: 10.15857/ksep.2018.27.3.225

Al-Jameel WH, Al-Sabaawy HB, Abed FM and Al-Mahmood SS.
Immunohistochemical expression of proliferation markers in canine
osteosarcoma. Iragi J Vet Sci. 2022;36(4):1097-1102. DOI:
10.33899/ijvs.2022.133138.2177

26

Y SN JS 5 e Janfis o Ll Slga 8l
el.zd\ M@w\ LAY Jaldi g & i) g
S5 Gl Ao St o aalill

Jh O 9 g Juald U Mg sl (g O anen & L
*JJAA.A

S sl 5 Al T 531 s Al eLal gLl i
Bloall ¢3S oSl S daala c‘é‘)k;:..d\ alall

AadAl

diad g allaall Aol ) gai 5 allaall A8US (laih o allaell Al
sale) Ao 5 )il sas ol LAY oo ale JSU5 Aaaled) dsadaal) LAY
A el s danl g dad) Ayl A jles, allaall sl
Creadinl abiall cliadls Llis e dulay) dadle 5 40l 5 <l 3l
G o gslally Uil sdic agadi i o S5 18 YE 4y il
Al ellae) &y 5 as Ao gaaaS (Y1 de ganall (e sana
A 53al La gy awsall ()55 (e paS/anle Yoo allaall Lilies Lliadll
O3 e paS/aale Yoo cudaef 03 jall 4 Bl de sanall aald
Al 0 saal L gy delull/ jie Yo ldiall Jlea aladiuly Lia sy assall
dalaill el a3 Gons a3, ald A 3ad (il Jlea L s
Al ) iy & Gauanisll 5 2 Sl IS (e JSI (5 gaadl Sl
(S5 Jgal) (5 el anill Liallaa s 23l alae Al
JSIM 5 S e IS S5 (A Asina 334 sa ghlill) <yl
ae L lhe allaed) Liligy Lbadll ()3 all & & el QY
8 L sina Lala) AUl Ailiia Jilas elal s (o ,aY) e ganal)
e sanall pe & jlie allaall Lilig Llad) g3 all e sene
6 sl (g (s sine palindl il Jlea il Jedal Lain, 5 A
3kl e sane pe A lie & GaunliS 5 &Y JSH 5 (S ) Juae
aldaall Liligs Lliaall de ganall 2adll o) il sl asdll ek
Lpalaall AN e a2l pe o il 8 U gl 188 55 5 oy WL )
LAY aae g Uaa Ailias aailiea dui dal )l Ao ganall & jelal Loty
& Ualiail s dalaal) mliall 6 J8 Caglat ae dadodl dpalaall
A8da) dualaall LAY


https://doi.org/10.1016/j.ejphar.2009.03.074
https://doi.org/10.1016/j.bonr.2018.05.006
https://doi.org/10.1155/2019/5710340
https://doi.org/10.1111/jam.14776
https://doi.org/10.1016/j.actbio.2022.11.056
https://doi.org/10.3389/fimmu.2023.1295163
https://doi.org/10.3389/fphys.2021.729910
https://doi.org/10.1016/B978-0-08-102451-5.00003-2
https://doi.org/10.1016/B978-0-08-102451-5.00003-2
https://doi.org/10.1016/j.abb.2008.03.018
https://doi.org/10.15857/ksep.2018.27.3.225
http://www.doi.org/10.33899/ijvs.2022.133138.2177

