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Summary

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 has positive preventive and therapeutic effects on
osteoclast activity.

The experiment employed 24 male rats, randomly divided equally three
groups (8each group), the first group as control group, and the second group rats
were given daily 200 mg/kg BW (D-gal) injected intraperitoneally for sixty days.
The third group, animals were given daily 200mg/kg BW D-galactose with use of a
treadmill at 25 m/min for 5 days weekly for sixty days. First day,30 and 60 days of
the experiment was performed to evaluate the bone mineral density (BMD) at the
femur of rats. Blood samples were drawn for biochemical analysis to by measuring
bone restoration and formation biomarkers represented by Receptor Activator of
Nuclear Factor Kappa-B (RANK), Receptor Activator of Nuclear Factor Kappa-B
ligand (RANK-L), Cathapsin K, and osteoprotegrin (OPG), serum electrolyte (Ca,
Na ,K,and P) , serum hormones(serum PTH, and calcitonin) , and serum Vit D.
The femur bone following synthesis of cDNA, gene specific primers  used to
determine the level of gene Runx2. After preserving the femoral bone to examined
by use light microscope and scanning electron microscope(SEM).

The results investigate a significant increase in serum RANK, RANK-L, and
cathapsin-K levels in osteoporotic rats with D-gal, while OPG analysis revealed a
significant decline in this groups. while the impact of the (treadmill+D-gal)
showed a significant decrease in the levels of serum, RANK, RANKL, and
Cathepsin K compared with the D-gal group. Asignificant increase of serum in the

PTH, Vit D, calcitonin & Ca in the osteoporotic rats compare with other groups,



while serum Na and K showed a significant decline in osteoporotic rats group as

compare with other groups. While impact of (treadmill+D-gal)showed a significant

decrease in the level of the serum PTH, Vit D , calcitonin & Ca compare with
control group.The D-gal case imbalance in the Ca related hormone (PTH &
calcitonin ) which lead to imbalance in the Ca an the mineral in the body treadmill
exercise stimulates bone formation and suppresses bone resorption. The gene
expression (Runx 2) showed a significant increase in the D-gal group as compare
with the other two group. The X-ray photography showed a significant decrease in
the bone density in the D-gal group as compare with the (treadmill+D-gal) and

the control group.

The femur rats histological examination of osteoporotic group showed
resorption and marked thinning of trabecular with numerous osteoclasts while the
(D-gal +treadmill) groups showed newly added lamellar structure and number of
osteocytes with fewer cavities in the bony plates and reduction in micro-fissure in
femur compact bone by using electron microscope, exercise increases cancellous
bone mass through increased bone formation decreased bone absorption, and
increased cortical bone mass due to increased periosteal bone formation. results of
the bone examined under the light microscope showed a differences between the
control group and the D-gal group, as the D-gal group has activated osteoclast
cells, which cause bone necrosis and failure to perform their functions properly,
which leads to weakness in the bone tissue while the (D-gal +treadmill) groups
showed thicker trabecular and denser bone lamellae within the haversian canals

(cavities within the bone) of the treadmill exercising rates.

In conclusion treadmill sport can emolliate the level of serum RANKL-RANK
OPG pathway and decrease level of the serum Cathepsin K with up regulation of
the Runx2 gene expression on the osteoporosis induced by D-galctose.
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Introduction

Bones are a support tissue of the body that are highly specialized and provide
structural support, protect vital organs, provide an environment for bone marrow, and
act as a mineral reservoir for calcium and the bone is composed of osteoblasts and
osteocytes (support cells), osteoclasts (remodeling cells), osteoid cells that are
composed of a non-mineral collagen matrix and non-collagenous proteins, and
inorganic mineral salts, such as calcium, that are found within the matrix (Briot ,
2015 ; Wawrzyniak et al .,2022).

Osteoporosis is a systemic skeletal disease characterized by low bone mass, the
deterioration of the microarchitecture of bone tissue, a consequent increase in bone
fragility and a susceptibility to fractures (Aibar-Almazan et al ., 2022) .Osteoporosis
has been reported to occur when there is an imbalance in bone cell function
(Letarouilly et al ., 2019). This disease has been called “the silent epidemic of the
21st century” because of its public health implications. It is a severe, chronic,
progressive and clinically silent disease and the most common of the metabolic bone
diseas (Gonzélez et al ., 2009).

Three important proteins, Receptor Activator of Nuclear Factor kappa-B (RANK),
Receptor Activator of Nuclear Factor Kappa-B ligand (RANK-L), and osteoprotegrin
(OPG), work together to regulate the development and activation of osteoclasts
(Wada et al ., 2006). In addition, osteoclast-mediated bone resorption is aided by the
cysteine protease cathepsin K, which is involved in the breakdown of proteins that
make up the bone matrix (Grimaud et al ., 2003 ; Deaton et al ., 2005) RANKL is
produced by cells of the osteoblast lineage, including matrix-embedded osteocytes.
Membrane bound RANKL is cleaved by proteases to form soluble RANKL. OPG is
predominantly secreted by osteoblasts to bind to RANKL to suppress its activity and

regulate osteoclastic bone resorption .

Aging is a multifactorial process associated with physiological decline. There is a

substantial amount of data supporting the positive relation between the process of

1
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aging and the progressive decline in antioxidant function combined with increased
mitochondrial ROS (reactive oxygen species) generation and increased accumulation
of oxidant products (Wickens, 2001).

D-gal is a monosaccharide that has the same chemical formula as glucose, i.e.,
C6H1206. It is similar to glucose in its structure, differing only in the position of one
hydroxyl group, this difference gives galactose different chemical and biochemical
properties to glucose (Shahroudi et al ., 2017). D-gal a reducing sugar, induces
oxidative stress resulting in alterationin mitochondrial dynamics and apoptosis of
neurons ( Qu et al., 2016).D-gal is converted to galactitol, which accumulates in the
cells and then induces osmotic stress and generates ROS, (Woo et al ., 2014). When
an exogenous dose of D-gal is given beyond normal concentration, this can induce
aging effects in several organs by increasing oxidative stress, apoptosis and
inflammation. (Ullah et al ., 2015; Wang, 2022). Long-term injection of D-gal can
induce chronic inflammation and oxidative stress, accelerating aging. The model of
accelerated aging with long-term administration of D-gal have been widely used in
anti-aging studies, due to the increase of chronic inflammation and decline of
cognition that similarity with natural aging in animals. (Huang et al., 2013;Qian et
al., 2021).

Treadmill exercise plays a significant role in influencing bone health, with
positive effects depending on various factors such as exercise intensity, duration,
frequency, and individual characteristics. Understanding these effects is crucial for
optimizing the benefits and minimizing potential risks (Santos et al ., 2017). The
primary positive effects of treadmill exercise on bone are the improvement of bone
density. Weight-bearing exercises, including walking and running on a treadmill,
subject bones to mechanical loading, stimulating bone formation. This is particularly
important in the prevention of age-related bone loss and osteoporosis(Abd El-Kader
etal ., 2016).
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Exercising on a treadmill raises metabolic rate because it demands more energy
from your muscles, which in turn causes muscle mass to grow and energy
expenditure to rise (Poehlman et al ., 1991). As an alternative to storing galactose,
the body can try to convert it into energy (Tan et al ., 2018). Osteoblasts and stromal
stem cells express receptor activator of NF-kB ligand (RANKL), which binds to its
receptor, RANK, on the surface of osteoclasts and their precursors. This regulates the
differentiation of precursors into multinucleated osteoclasts and osteoclast activation
and survival both normally and in most pathologic conditions associated with
increased bone resorption. Osteoprotegerin (OPG) is secreted by osteoblasts and
osteogenic stromal stem cells and protects the skeleton from excessive bone
resorption by binding to RANKL and preventing it from interacting with RANK. The
RANKL/OPG ratio in bone marrow is thus an important determinant of bone mass in

normal and disease states (Boyce and Xing, 2008).

Cathepsin K(CatK) is one of the most potent proteases in lysosomal cysteine
proteases family, . Cathepsins are endopeptidase found in the most cells, which takes
part in cell autolysis and self-digestion of tissues (Xie et al ., 2023). of which main
function is to mediate bone resorption, secreted by activated osteoclasts to degrade
collagen and other matrix proteins during bone resorption, Cathepsin K is produced
and secreted by osteoclasts, which are large multinucleated cells in bone. Cathepsin
K breaks down the chemical bonds in proteins, including collagen, leading to the

degradation of the bone matrix(Dai et al., 2020).

Runx2 gene represents one of three members of the RUNT domain family of
transcription factors (RUNX1,2, and -3) that play central roles in cell fate
determination, directing hematopoiesis, skeletogenesis and neurogenesis and play
role in osteoclast formation(Cohen, 2009). The Runx2 protein is a transcription
factor that binds to specific DNA sequences and regulates the expression of target
genes. In particular, it is a key regulator of osteoblast differentiation, which is the
process by which precursor cells develop into bone-forming cells. RUNX2 is

essential for the formation of bones and skeleton during embryonic development and
3
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is also important for the maintenance and remodeling of bones in adults (Narayanan
etal ., 2019).

Aim of study:
Pathway of RANK, RANK-L ,OPG, Cathepsin-K marker is not clear in the

Osteoporosis and the way remodeling without medical treatment ,thus The aims of
this research project are to investigate the role of treadmill exercise on the RANK,
RANK-L ,OPG, Cathepsin-K pathway by estimate the RANK, RANKL, OPG and
cathepsin K proteins and other biomarkers levels with femoral x-ray and histological

examination light microscope and electron microscope.
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2.Literature Review

2.1 Bones

Bones are an alive organ consist of about 70% mineral and 30% organic
material. Calcium and phosphorous crystals, hydroxyapatite, and some ions such as
sodium, fluoride, and magnesium are constituents of the mineral part. In early life
bone size and bone marrow density increase through a process called remodeling
(Rosengren , 2010), the highest bone mass in life is reached, referred to as peak
bone mass , after peak bone mass is attained, bone mass is fairly stable until
menopause, when female sex hormone levels drop and result in a subsequent loss

of bone marrow density the following 5 or 10 years (Hardcastle et al ., 2011).

bone develops to a level called the peak bone mass, it is the maximum mass of
bone that the body is going to reach after this stage is reached, the slow phase of
bone loss begins, it begins around age 40 for cortical bone and 5-10 years earlier
for trabecular bone, The surface to volume ratio in cortical bone is much lower

than in trabecular bone (Utami et al., 2019).

With aging or disease, the cortex becomes more porous, thus gaining surface
area but losing strength, in the long bones, increased porosity near the periosteal
surface causes more loss of strength than increased porosity near the endocortical
surface(Ott,2018). Slow periosteal expansion throughout life partially compensates
for this loss of strength, because the bending strength is proportional to the radius
to the fourth power ,in the trabecular compartment, 20% of the volume is
composed of bone, and the remaining space is filled with marrow and fat,
trabecular bone transfers mechanical loads from the articular surface to the cortical
bone (Thieschafer,2010),the hydraulic properties absorb shock, The material

properties of the bone compartments differ: trabecular bone has lower calcium

5
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content and more water content compared to cortical bone, trabecular bone has a
large surface exposed to the bone marrow and blood flow, and the turnover is
higher than in cortical bone, resorption takes place along bone surfaces in the
trabecular bone, whereas in the cortical bone, resorption tunnels through the bone
itself (Abdallah et al ., 2020 ).

2.2 Bone cells

2.2.1 Osteoblast

Osteoblasts are the cells that "build" bone, as they are commonly called.
Osteoblasts synthesize and deposit organic bone matrix(osteoid) proteins or
collagen (type 1) and proteoglycan, that will mineralize in both developing
skeletons and during the process of bone remodeling that occurs continuously
throughout an individual's life (Tanaka et al., 2005).They are derived from
pluripotent mesenchymal stem cells. Osteoblasts also indirectly regulate osteoclast
formation and bone remodeling by cell-cell contact, paracrine signaling, and cell-
bone matrix interaction (Varela and Samadfam, 2017). Osteoblasts synthesize
and secrete bone matrix to maintain the structural integrity and shape of bone. This
process promotes bone formation, remodeling, and healing (Rosenberg et
al.,2012; Czekanska et al., 2012). Osteoblasts majorly perform two varieties of
functions, within the bone tissue. Firstly, osteoblasts release multiple proteins
essential to the formation of the bony structure matrix. Secondly, osteoblasts help
in regulating the mineralization of bone. Some of the primary functions of
osteoblasts are mentioned below: Osteoblasts have special receptors for hormones

such as estrogen, parathyroid hormone (PTH), and vitamin D.

Osteoblasts secrete important factors that activate osteoclasts, i.e.receptor
activator of nuclear factor k B (RANK) ligand and other associated factors which

6
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communicate with other cells. Osteoblasts also secrete a regulatory protein that is
involved in the regulation of phosphate excretion from the Kkidneys. After
osteoblasts have finished the making up of new bone, some of them will
differentiate into osteocytes and rest of them will surround the matrix of the bone
Some of them, if remained, will either stay on the surface of the new bone or
mature into lining cells. Lining cells are involved in the transport of calcium from
inside and outside of the bone (Long, 2011;Blair et al., 2017)

2.2.2 Osteocyte

An osteocyte is a specialized cell found in bone tissue. These cells are
responsible for maintaining the mineralized bone matrix (Mohamed, 2008).
Osteocytes are derived from osteoblasts, which are bone-forming cells. Once
osteoblasts become embedded in the bone matrix, they differentiate into osteocytes
(Klein-Nulend et al ., 2020).

Osteocytes have long, branch-like processes that form a network within the
bone and are connected to each other through tiny channels called canalicul
(Schurman et al ., 2021). This network allows them to communicate and exchange
nutrients and waste products(Wei et al ., 2022) . Osteocytes play a crucial role in
regulating bone remodeling by sensing mechanical forces and responding to

changes in bone density (Uda et al ., 2017).

osteocytes are key players in maintaining bone health and function by
monitoring and controlling the bone matrix (Robling et al., 2020) and play a
significant role in the development and maintenance of bone tissue, and their
dysfunction or imbalance can contribute to conditions like osteoporosis(Metzger et
al ., 2019). Osteoporosis is a condition characterized by a decrease in bone mass

and density, leading to increased bone fragility and a higher risk of
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fractures(Pisani et al ., 2016).In osteoporosis, the activity of osteoclasts (cells that
break down bone) may outpace the activity of osteoblasts (cells that build new
bone), resulting in a net loss of bone mass. Osteocytes, being central regulators of

bone remodeling, also contribute to this process (EI Miedany et al ., 2022).

Changes in the communication network between osteocytes, alterations in
their response to mechanical loading, and disruptions in the signaling pathways
they are involved in can all be factors in the development of osteoporosis (Yan et
al ., 2020). Osteocytes are sensitive to mechanical stresses, and reduced
mechanical loading (such as lack of physical activity) can lead to decreased bone
density (Rolvien et al ., 2022). Additionally, hormonal changes, especially in
postmenopausal women, can affect osteocyte function and contribute to bone loss
(McNamara, 2021).

The role of osteocytes in osteoporosis is essential for developing effective
treatments and interventions to manage and prevent the condition (Pathak et al .,
2020). Strategies that promote proper osteocyte function, maintain a balance
between bone resorption and formation, and support overall bone health are crucial

in addressing osteoporosis (Cao et al ., 2020).
2.2.3 Osteoclast

The osteoclast is a highly specialised, multinucleated, tissue-specific
macrophage responsible for bone resorption (Sun et al ., 2021). Bone resorption by
the active osteoclast occurs through the development of an acidic environment in
which H+ ions are transported via proton pumps and lytic enzymes tartrate
resistant acid phosphatase (TRAP) and cathepsin K are released into the resorption
compartment( Blair et al ., 1989). This dissolves hydroxyapatite and allows

enzymatic degradation of the bone matrix proteins which are then phagocytosed by
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the osteoclasts and excreted (Zhao ,2012). Osteoclasts differentiate from monocyte
precursors at or near the bone surface. Three molecules: receptor activator of
nuclear factor kB ligand (RANKL) and its receptor RANK, and the decoy receptor
osteoprotegerin (OPG), form the RANKL/RANK/OPG pathway (Fig. 1) which
plays a critical role in the differentiation of osteoclasts from its haematopoietic

progenitors (Liu et al .,2015).

2.3 Osteoporosis

Osteoporosis is a disease involving the bones characterized by reduced bone
mass, deterioration of bone structure, increased bone fragility, and an increased
risk of fracture, Osteoporosis can be measured partly through bone mass or bone
density (Ringle, 2009; Kasem et al .,2016; Wu et al ., 2017; Aibar-Almazan et
al ., 2022) .

Osteoporosis affects the normal daily activities and quality of life of patients
who suffer from this disease, quality of life is affected through the increased risk of
fracture in areas such as the hip vertebrae and wrist (Lekamwasam et al
.,2012).These complications can ultimately lead to significant morbidity and
mortality (Buckley et al ., 2017).

It a metabolic bone problem, also recognized as “the silent thief” because
there is slow bone loss, generally occurs over the years, and without any symptoms
until the bone becomes so brittle that suddenly fracture occurs (Martinetal , 2010).
Osteoporosis is the most common disorder related to age (Lippuner et al ., 2005;
Abdallah et al ., 2020). As a result; bones tend to become more fragile and more

susceptible to fractures (Pifar-Gutierrez et al ., 2022).
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2.3.1Classification of osteoporosis

Two types of osteoporosis can be subdivided into Primary osteoporosis which
results from bone depletion due to hypo gonadal function related to aging, and age-
related disorder characterized by decreased bone mass and increased susceptibility
to fractures in the absence of other recognizable causes of bone loss ,Secondary
osteoporosis is also called senile osteoporosis takes place after 70 years of age,
involving both trabecular and cortical bone and Secondary osteoporosis it is due to
the effect of medications like steroids or certain medical conditions (Hendrickx et
al ., 2015). Which may be caused by chronic systemic diseases, endocrine and
metabolic disorders, medication (glucocorticoids) and nutritional disorders(El-
Haroun et al .,2020).

2.3.2 Causes of osteoporosis

Known factors that can cause an imbalance in osteoclasts and osteoblasts
include estrogen deficiency, testosterone deficiency (Poirier-Solomon, 2001),
hyperthyroidism malabsorption (Bonnick and Lewis, 2006), smoking and
Increased alcohol intake (Henneicke et al ., 2014),Unbalanced diets and
disordered eating (Utami et al .,2019), low calorie intake and excessive exercise
(Ringle, 2009 ),calcium and vitamin D deficiency (Abdallah et al .,2020),women
with type | diabetes (Abdallah et al., 2020), inheritable genetic factors as
identified by family history, lifestyle factors immobilization, specific conditions
such as juvenile or pregnancy-related osteoporosis (Wu et al., 2017 ),Previous

medical disorders such as corticosteroids intake (El-Haroun et al ., 2020).
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2.3.3 Mechanism of osteoporosis

Under normal physiological conditions, the strength of adult bone is
maintained through constant renewal of bone matrix. This process, called bone
remodeling, involves two highly coordinated events: resorption of existing bone by
osteoclasts, followed by restitution of new bone by osteoblasts. Osteoclast is
responsible for bone resorption by proteolytic digestion and bone acidification
while osteoblasts responsible for the secretion of osteoid tissue. The regulation of
these two processes is organized by osteoprotegerin(OPG), Receptor Activator Of
Nuclear Factor Kappa B(RANK), and RANK ligand (RANKL) (Boyce and Xing,
2008).

Osteoblasts express RANKL when bone resorption is activated (Hofbauer
and Schoppet, 2004), which binds and activates the RANK receptor. Activated
RANK stimulates complex intracellular biochemical processes which result in
osteoclasts activation and thus resorption. OPG acts as RANKL inhibitor; OPG
inhibits  bone resorption by preventing RANKL from binding to
RANK.OPG/RANKL ratio is considered an important factor that predicts bone
formation or resorption (Marques et al .,2011). In osteoporosis, bone formation
becomes insufficient to reconstruct the bone matrix resorbed by the osteoclasts,
therefore leading to a reduction in bone mass and predisposing bone to fracture.
This negative balance is commonly ascribed to alterations of the osteoclast and

osteoblast activities (Raisz,2005).

11



Chapter TWO : Literature ReVIBW oiieieeeeeeeeeeeeeeeeeneseeeeoasseeesssssesesssssssssssssssssssssssssssssssssssssssssssssssssss

2.3.4 Risk of osteoporosis

Bone loss occurs without symptoms, therefore, osteoporosis is not usually
discovered until a patient has a fracture (Overdorf et al ., 2001) .Therefore, the
following are common symptoms of the disease: back pain caused by vertebral
compression, height loss, spinal deformity(kyphosis with a loss of 4-8 inches in
height), fractures of vertebrae(about one per year in the beginning of the disease),
hips, wrists, and other bones (Rossini et al .,2016),geing, ethnicity, diet (low
calcium and vitamin D intake), hyperthyroidism, Cushing’s disease, anorexia
nervosa, lifestyle (sedentary, cigarette smoking, excessive alcohol intake, certain
medication use (glucocorticoids and some anticonwulsants), obesity, and disuse/
microgravity conditions (space flight, bed rest, paralysis) are common risk factors

for the development of osteoporosis(Alexandre et al .,2011;Kim et al .,2019)

2.3.5 Diagnosis of osteoporosis

Bone loss typically happens gradually and painlessly, the first sign of
osteoporosis can be breaking a bone. But it is possible to determine osteoporosis,
even before a bone is broken, by getting a bone density test, the test can also detect
if bone density is lower than normal. Bone loss that has not reached the stage of an
osteoporosis diagnosis is called osteopenia. One of the most common osteoporosis
tests is dual X-ray absorptiometry (DXA or DEXA).

The most recent technique used to measure bone mass or bone mineral
density(BMD), it has better reproducibility, shorter scan time and is capable of
measuring the density of the entire skeleton, It uses two x-ray beams with different
levels of energy, After eliminating soft tissue absorption, the absorption of each

beam by bone is used to calculate the bone mineral density, It is a portable device
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that is easy to use and convenient (Agarwal and Stout, 2003; Johansson et al
.,2009).
2.3.6 Weight loss

Osteoporosis risk increases significantly when one is underweight. This is
because people who are underweight often also have a smaller frame size and
therefore have a lower peak bone mass. Maintaining a normal, healthy weight is
Important and acts as a form of weight-bearing exercise for the skeletal system as a
person moves about. Additionally, inadequate nutrition negatively impacts peak
bone mass and BMD. The most striking relationship between being underweight
and bone health is seen in people with the psychiatric illness anorexia nervosa.
Anorexia nervosa is strongly correlated with low peak bone mass and a low BMD
(Mehler and Weiner,2003).

2.4 Process of Bone Remodeling

In general, bone remodeling can be separated into 5 phases: (1) Activation
phase in which bone remodeling is initiated by either local mechanical or hormonal
signal; osteocytes are believed to sense and transduce these signals into a

biological response in bone(Komori ,2013 ;Katsimbri ,2017).

In the activation phase, local (i.e., TGF-B, macrophage colony-stimulating
factor (M-CSF), receptor activator of NF-kB ligand (RANKL) and systemic
regulators (i.e., vitamin D, calcium, PTH, estrogen, androgen, and glucocorticoid)
will promote osteoclastogenesis and a new round of remodeling is
commenced(McHugh et al ., 2000). (2) Resorption phase in which mature
osteoclasts will secrete matrix metalloproteinases (MMPs) to digest both mineral
and organic matrix. In this phase, the Howship’s resorption lacunae are formed

underneath the canopy cells (Ono et al ., 2018) .(3) Reversal phase in which the

13



Chapter TWO : Literature ReVIBW oiieieeeeeeeeeeeeeeeeeneseeeeoasseeesssssesesssssssssssssssssssssssssssssssssssssssssssssssssss

mature osteoclasts will undergo apoptosis and osteoblasts are directed to the
resorption site (Raggatt ,2010). In this phase, local molecules such as TGF-f will
be released and attract osteoblasts to initiate bone formation (Martin et al ., 2005;
Tang et al ., 2009).(4) Formation phase in which osteoblasts will take over the
bone remodeling process, this process normally takes 4-6 months (Katsimbri
,2017).

In this phase, many local and systemic regulators such as Wnt, Sclerostin, and
PTH will induce osteoblastogenesis in bone (Raggatt ,2010).Organic bone matrix
(osteoid) composed of different proteins such as type I collagen starts to deposit
until the entire compensation for bone resorption is achieved. (5) Termination
phase in which an equal amount of bone matrix being resorbed and formed, the
formation phase will be terminated. In this phase, osteoblasts will either go
apoptosis or form the new osteocytes(Raggatt ,2010; Katsimbri , 2017) and bone

mineralization will start and complete during this phase ( Pettit ,2008).
2.5 D-galactose (D-gal)

2.5.1 D-gal chemical properties

D-gal is a monosaccharide sugar that is about same sweet as glucose. The
chimerical formation is C6H1206 D galactose is found in many foods such as
milk, butter, cheese, yogurt, honey, beets, plums, cherries, figs, and celery (Azman
& Zakaria,2019)

The term D comes when the hydroxyl group on carbon 5 is located on the right
side of the Fischer projection, as show in Figure(2.1)
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Figure (2-1): Chemical structure of D-gal ( Zaitoun et al .,2018)

The maximal recommended daily dose of galactose for healthy adult is 1.5
g/kg/day (maximum 50 g/day). And excreted from the body within about 8 h after
ingestion (Morava,2014;Wong et al .,2017). At high lewels, it can be converted
into aldose and hydroperoxide under the catalysis of galactose oxidase, resulting in
the generation of reactive oxygen species (ROS) (Wu et al .,2008). Galactose is
extensively used for modeling aging-related pathophysiological processes in
rodents (Azman & Zakaria, 2019).Oxidative stress (OS) has been proposed as the
main  driver  mediating  galactose-induced  senescence,although  exact
pathophysiological mechanisms mediating detrimental effects (Azman &
Zakaria, 2019).

The biological importance of D-gal goes beyond its importance as a nutrient
and a metabolite (Bo-Htay et al .,2018). Galactose is an omnipresent epimer of
glucose that was first described by Louis Pasteur in (1856) following Erdmann’s
observation that hydrolysis of the milk sugar lactose yields a substance that is not
glucose both in its free form and attached to other molecules forming oligo- or
polysaccharides, all living organisms (Coelho et al .,2015). Furthermore, together

with glucose (in the form of disaccharide lactose) galactose is a cornerstone of
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animal milk that provides structural and metabolic support during the most
sensitive developmental period (Coelho et al ., 2015).Regardless of its
Importance as a nutrient and pertinent physiological role best reflected in
glycolipids, or glycoproteins, galactose is ubiquitous in biological consequences of
inherited defects of its metabolism, the biochemistry of galactose and its

implications in health and disease remain enigmatic (Conte et al ., 2021).

2.5.2 D-galactose metabolism

D-galactose metabolized by The Leloir pathway which named after Luis
Federico Leloir, who first described it (Walter & Fridovich Keil, 2014).

In the first step, galactose mutarotase facilitates the conversion of fD-gal to a-D-
gal since this is the active form in the pathway. Next, a-D-gal is phosphorylated
by galactokinase to galactose 1- phosphate. In the third step, D-gal -1-phosphate
uridylyltransferase converts galactose 1-phosphate to UDP-galactose using UDP-
glucose as the uridine diphosphate source.Finally UDP-galactose 4-epimerase
recycles the UDP-galactose to UDP-glucose for the transferase reaction.
Additionally, phosphoglucomutase converts the D-glucose 1- phosphate to D-
glucose 6-phosphate. ( Walter & Fridovich-Keil, 2014), as show in Figure(2.2)
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Figure (2-2) :Disorders of galactose metabolism .(Berry, 2015).

2.5.3 Role of D-galactose on Aging

Aging is the process of becoming older and it is usually associated with
dynamic changes in the biological, psychological, physiological, environmental,
behavioural and social processes (Dharmarajan et al ., 2021). D-gal causes aging
changes related to natural aging processes, such as shorter lifespan,
neurodegeneration and cognitive dysfunction, (AGE) formation and oxidative

stress, and transcriptional gene changes (Cardoso et al ., 2015; Tian et al ., 2019).

Accumulating evidence suggests that mitochondrial dysfunction and
oxidative stress play major roles in aging Chronic administration of D-gal has been
reported to cause deterioration of cognitive and motor skills that are similar to
symptoms of aging and, therefore, is regarded as a model of accelerated aging
because enhancing endogenous antioxidants is now widely regarded as an
attractive therapy for conditions associated with mitochondrial oxidative stress
(Parameshwaran et al ., 2010; Lian et al ., 2017). D-gal is used to hasten the

aging process in various tissues in rodent models and it has been shown to
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successfully mimic the oxidative alterations that take place in the natural aging

process in various tissues (Yanar et al ., 2019).

2.5.4 Effect of D-galactose on bone

D-galactose is a monosaccharide sugar that has been used in experimental
models to induce accelerated aging and study the effects of oxidative stress on
various tissues, including bone (Umbayev et al ., 2020). The administration of D-
gal is known to generate reactive oxygen species (ROS) and induce oxidative
stress, which can have implications for bone health (Xu et al., 2020),as show in
Figure(2.3).

D-gal -induced oxidative stress can negatively impact bone cells, including
osteoblasts (bone-forming cells) and osteoclasts (bone-resorbing cells). Increased
ROS levels may lead to cellular damage, affecting the function and viability of
these crucial bone cells. Oxidative stress has been associated with impaired
osteoblast differentiation and mineralization, potentially compromising bone
formation (Wang et al ., 2022).

Chronic exposure to D-gal may lead to a reduction in bone mineral density
(BMD). BMD is a key indicator of bone strength and is essential for maintaining
skeletal integrity. The alterations in BMD observed in response to D-gal may
contribute to compromised bone structure and increased susceptibility to fractures
(Imerb et al ., 2022).

D-gal induced oxidative stress may interfere with the normal cross-linking
of collagen fibers in bone, affecting its mechanical properties. This could result in
bones that are more prone to fractures due to reduced elasticity and
strength(Harkema et al ., 2016).
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Oxidative stress triggered by D-gal may stimulate inflammatory responses
in the bone microenvironment. Increased production of pro-inflammatory
cytokines can contribute to an imbalance in bone remodeling, favoring bone
resorption over bone formation. This dysregulation may lead to the progression of

bone-related disorders (Chandra and Rajawat, 2021).

The oxidative stress generated by D-gal may mimic some aspects of natural
aging processes, including the decline in bone mass and strength observed in

elderly individuals (Azman and Zakaria, 2019).
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Figure (2-3): different bases upon which CQ inhibits osteoclastogenesis.

(Mahmoud et al .,2021).

2.6 Treadmill effect on bone health

Treadmill exercise can have several positive effects on bone health, contributing
to overall skeletal strength and density. Bone is a dynamic tissue that responds to
mechanical loading, and treadmill exercise provides a weight-bearing activity that

can stimulate bone remodeling (Friedman & Kohn,2022).
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Treadmill such as walking or running, subject bones to mechanical stress.
This stress stimulates bone-forming cells (osteoblasts) to lay down new bone
tissue, leading to an increase in bone density (Warden & Fredericson., 2014).
Higher bone density is associated with improved bone strength and reduced risk of
fractures (De Kam et al., 2009).

Treadmill exercise increase a dynamic process known as bone remodeling,
This involves the removal of old or damaged bone by cells called osteoclasts
anbone remodeling removal of the old or damaged bone by cells called osteoclasts

and the formation of new bone by osteoblasts (Bellido & Bruzzaniti, 2019).
2.7 Osteoporotic parameters

2.7.1Receptor Activator of Nuclear Factor kappa-B Ligand
(RANKL)

RANKL is initially produced as an integral membrane bound protein but
can be cleaved by proteases into a functional soluble form (Teitelbaum, 2000).
RANKL binds to its receptor RANK on osteoclast progenitors and stimulates
osteoclast differentiation and function( Dougall et al ., 1999). RANKL is involved
in the fusion of osteoclast precursors into multinucleated cells, differentiation into
mature osteoclasts and continued survival (Teitelbaum, 2000). RANKL relies on
macrophage-colony stimulating factor (M-CSF, also known as CSF-1) as a co-
factor for osteoclast differentiation (Takahashi et al., 1991). RANKL is a type Il
homotrimeric trans membrane protein that is expressed as a membrane-bound and
a secreted protein, which is derived from the membrane form as a result of either

proteolytic cleavage or alternative splicing (Ikeda et al ., 2001).

The proteo-lytic cleavage of RANKL requires ADAM (a disintegrin and

metalloprotease domain) (Hikita et al ., 2006) and matrix metalloproteases (Lynch
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et al ., 2005). RANKL expression is stimulated in osteoblast/stromal cells by most
of the factors that are known to stimulate osteoclast formation and activity. It is
highly expressed in lymph nodes, thymus and lung, and at low levels in a variety of
other tissues including spleen and bone marrow (Wada et al .,2005). In inflamed
joints it is expressed by synovial cells and secreted by activated T cells. These
sources of RANKL appear to be responsible, at least in part, for mediating the joint

destruction in patients with rheumatoid arthritis (Komatsu et al .,2022).

RANKL is produced by cells of the osteoblast lineage, including matrix-
embedded osteocytes. Membrane bound RANKL is cleaved by proteases to form
soluble RANKL. OPG is predominantly secreted by osteoblasts to bind to RANKL

to suppress its activity and regulate osteoclastic bone resorption.

2.7.2 Receptor Activator of Nuclear Factor kappa-B (RANK)
Receptor Activator of Nuclear Factor kappa-B (RANK) is a protein that
plays a crucial role in the regulation of bone metabolism. It is a cell surface
receptor that belongs to the tumor necrosis factor (TNF) receptor superfamily.
RANK is primarily expressed on the surface of osteoclast precursor cells, which
are involved in bone resorption—the process of breaking down and removing old

or damaged bone tissue.( Renema et al ., 2016).

When RANK interacts with its ligand, RANKL (Receptor Activator of
Nuclear Factor kappa-B Ligand), it activates signaling pathways that lead to the
differentiation and activation of osteoclasts. Osteoclasts are responsible for the
breakdown of bone tissue, allowing for the continuous remodeling of the skeleton.
( Holliday et al .,2021).
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2.7.3 Osteoprotegerin (OPG)

OPG is expressed in many tissues apart from osteoblasts, including heart,
kidney, liver, spleen, and bone marrow (Wada et al .,2005). Its expression is
regulated by most of the factors that induce RANKL expression by osteoblasts.
Although there are contradictory data, in general up regulation of RANKL is
associated with down regulation of OPG, or at least lower induction of OPG, such
that the ratio of RANKL to OPG changes in favor of osteoclastogenesis. Many
reports have supported the assertion that the RANKL/OPG ratio is a major
determinant of bone mass (Hofbauer and  Schoppet,2004), as show in
Figure(2.4).

Osteoprotegerin (OPG) is a protein that plays a crucial role in regulating
bone density. It's involved in the regulation of bone remodeling, which is the
process of breaking down and rebuilding bone tissue. OPG helps to control the
activity of osteoclasts, which are cells responsible for bone resorption (breaking
down bone tissue) (Kenkre & Bassett,2018).

OPG acts as a "decoy receptor" for a protein called RANKL (Receptor
Activator of Nuclear Factor Kappa-B Ligand). RANKL is essential for the
formation and activation of osteoclasts. By binding to RANKL, OPG prevents it
from interacting with its receptor on osteoclasts, ultimately inhibiting bone
resorption (Infante et al., 2019).

This regulation is crucial for maintaining the balance between bone
formation and bone breakdown, helping to ensure the integrity and strength of the
skeletal system. Imbalances in this system can lead to conditions such as

osteoporosis or excessive bone loss ( Wawrzyniak& Balawender, 2022).
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Figure (2.4) :RANKL/RANK/OPG pathway(Kim, A. S et al .,2022).

2.7.4 Cathepsin K

Cathepsin K is responsible for the degradation of type | collagen in
osteoclast- mediated bone resorption. osteoclast-mediated bone resorption is aided
by the cysteine protease cathepsin K, which is involved in the breakdown of
proteins that make up the bone matrix (Deaton et al., 2005). Cathepsins are
endopeptidase found in most cells, which takes part in cell autolysis and self-
digestion of tissues (XIE et al.,, 2023). In human, there are 11 members of
cathepsins (cathepsin B, C, F, H, K, L, O, S, V, W, and Z), which are distinguished
by their structures, catalytic mechanisms, and which proteins they cleave (Turk et
al., 2001). Cathepsin K (Cat K) is a cysteine protease of the papain family, now
considered to be the major enzyme responsible for degradation of the organic bone
matrix(Dai et al., 2020). It is highly and selectively expressed in osteoclasts and,
under acidic conditions, has the unique ability to degrade type | collagen helical

regions(Bromme & Wilson, 2011). Complete deficiency of Cat K activity leads to
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pycnodysostosis, a severe and rare autosomal recessive bone sclerotic disorder, and
Cat K null-rat are osteopetrotic (Hershey, 2005), as show in Figure(2.5).

Cathepsin K is produced and secreted by osteoclasts, which are large
multinucleated cells in bone. Cathepsin K binds to the protein components of the
bone matrix, including collagen. Cathepsin K breaks down the chemical bonds in
proteins, including collagen, leading to the degradation of the bone matrix(Dai et
al., 2020).
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Figure (2.5): Cathepsin K - A new molecular target for osteoporosis (Rodan & Duong.,2008)

2.8 RUNX2 gene

The RUNX2 gene, a critical player in the orchestration of skeletal
development, belongs to the runt-related transcription factor (RUNX) family. As a
transcription factor, the RUNX2 protein governs the intricate processes involved in
bone formation and development. This gene is integral to the differentiation of

osteoblasts, the specialized cells responsible for bone matrix synthesis and
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mineralization (Wildman et al .,2019). The intricate regulatory network
controlled by RUNX2 is crucial for ensuring the proper formation and maintenance

of the skeletal system throughout an individual's life (Di Pietro et al .,2021).

The RUNX2 protein is a transcription factor that binds to specific DNA
sequences and regulates the expression of target genes. In particular, it is a key
regulator of osteoblast differentiation, which is the process by which precursor
cells develop into bone-forming cells. RUNX2 is essential for the formation of
bones and skeleton during embryonic development and is also important for the

maintenance and remodeling of bones in adults (Narayanan et al ., 2019).

The significance of RUNX2 in bone development is underscored by its
association with Cleido cranial Dysplasia (CCD), a rare genetic disorder. CCD
manifests with a spectrum of skeletal abnormalities, such as delayed fontanelle
closure, dental anomalies, and craniofacial irregularities (Geister, 2013). The link
between mutations in the RUNX2 gene and CCD emphasizes the gene's pivotal
role in skeletal morphogenesis. Understanding the intricate molecular mechanisms
governed by RUNX2 provides valuable insights into the pathophysiology of
skeletal disorders, offering potential avenues for therapeutic interventions and

genetic counseling (Gong et al., 2022).

The other Runx  factors also have roles in  skeletal
development. Runx1 and Runx3 contribute to endochondral bone formation (Lian
et al .2003; Brenner et al ., 2004; Yoshida et al ., 2004), their essential functions
during embryogenesis are manifested in other tissues. Runxl is essential for
definitive hematopoiesis, and is frequently mutated in cancer stem cells that give
rise to acute leukemias (Miyoshi et al .,1991; Okada et al ., 1998; Miyamoto et al

.,2000). Runx3 is needed for the development of dorsal root ganglia proprioceptive
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neurons and proper control of gastric epithelium growth (Levanon et al .,2002; Li
et al .,2002).

The important roles of Runx2 in human development are evident in CCD, a
rare autosomal dominant disease. Heterozygous loss of function of Runx2 through
a variety of mutations (e.g., deletions, point mutations, insertions, and missense
mutations) segregate with abnormal skeletal phenotypes in CCD families (Otto et
al .,2002; Yoshida et al .,2002). These alterations affect just one allele
of Runx2 on chromosome 6921 and would be predicted to decrease wild-type
Runx2 levels and activity by one half. Runx2 haploinsufficiency in mice causes
similar phenotypes as observed in CCD families, with a primary defect in
intramembranous bone formation (Komori et al .,1997; Otto et al .1997). As one
may suspect given the importance of DNA binding to a transcription factor, many
mutations in CCD individuals are found in the DNA binding domain of Runx2,
other mutations are present in regions proximal and distal to the DNA binding
domain. These mutations suggest important roles for other parts of Runx2 in
skeletal development. Indeed, CCD mutations in the Runx2 carboxy-terminus
impair Smad interaction and transcriptional activation (Zhang et al .,2000).
Moreover, transgenic mice lacking the carboxy-terminus of Runx2 develop a
CCD-like phenotype (Choi et al .,2001).
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3. Materials and Methods
3.1. Materials

3.1.1. Instruments and Equipment:

All the devices utilized as a part of this study are summarized in Table3.1.

Table 3.1. Apparatus and equipment with their manufactures.

\[e} Apparatus & Equipment Company Manufactures
1.  Anatomicalset(Scissors, Forceps, Chemo lab  China
Scalpel)
2.  Balance Denver Germany
3. Beakers (100, 250, 500, 1000)  Chemo lab  India
4.  Centrifuge Hettich Germany
5.  Colony flask Chemo lab  India
6.  Cotton India Entrepreneur
7. Digital balance Denver Germany
8. Digital camera Canon China
9. DXA machine Hologic USA
10. ELIZA printer epson japan
11. ELIZA reader biotek USA
12.  Eppendorf’s tubes Chemo lab  India
13. Filter paper Chemo lab  India
14.  Gel tube Chemo lab  India
15. Incubator Lab tech Korea
16. Insulin syringe eldawlia Egypt
17. Light Microscope Olympus Japan
18. Micropipettes(different volumes) dragonmed China
19. Microscope with camera Olympus Japan
20. Microtome LeicaRM  USA
21. Pipette tips (10— 1000) ul volume Chemo lab  China
22. Real-Time RT- gPCR Chemo lab  USA
23. Sensitive balance Sartorius Germany
24. Slide & cover slip Chemo lab  China
25. Spectrophotometer EMCLAB  Germany
26. Surgical gloves Chemo lab  China
27. Syringe (1 ml, 5 ml) Chemo lab  China
28.  Scanning Electrone icroscope  ZEISS Germany
(SEM)
29. Test tubes Chemo lab  China
30.  Treadmill machine local

31. Vortex Sturat United
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32. Water bath labtech Korea

3. 1.2. Chemicals and Kits

All the chemicals and the standard kits used inthis study are shown in Table

3.2.

Table 3.2: Chemicals and Kits with their suppliers.

No. Chemicals & Kits Company Suppliers
1. Absolute ethanol haymankimia Uk

2. Calcitonin kit ELK bioticnology China

3. Calcium kit ELK bioticnology China

4. Cathepsin K ELK bioticnology China

5. Concentrated phosphor kit ELK bioticnology China

6. D-gal Thomas Baker India

7. Eosin Stain Himedia Lab India

8. Formalin 37 % chemanol SA

9. Hematoxylin Stain Himedia Lab India

10. Osteoprotegerin ELK bioticnology China

11. Parathyroid hormone Kit ELK bioticnology China

12. Potassium kit ELK bioticnology China

13. Rat RANk (Receptor ELK bioticnology China

Activator Of Nuclear Factor

Kappa B)
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14. Rat RANKL(SolubleReceptor ELK bioticnology China
Activator of Nuclear
factor-kB Ligand)

15. Sodium kit ELK bioticnology China

16. Vitamin D kit ELK bioticnology China

3.2. Examination methods

3.2.1. Experimental protocol

Twenty-four male rats, each weighing between (190 - 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 in order to acclimate them to the usual experimental setting.

3.2.1.1. Experimental Design

Twenty four (24) white rat for sixty days, was classified in to three groups and

each group divided at random (8/group):

1. control group: rats received 0.2 ml of normal saline, which was injected
intraperitoneally for sixty days.

2. D-gal group: rats in the D-gal group received 200 mg/kg B.W. of D-gal injected
intraperitoneally for sixty days (Mahmoud et al .,2021)

3. D-gal+ treadmill group: rats in the D-gal+ tread mill 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(lwamoto et al .,2004), experimental design was
shown in figure(3.1)
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24 male rats
3 group

sixty days for experiment

Control group
8 rats
Injected IP of normal
saline

Osteoporotic rats group
8 rats / 8 weeks
Injected IP 200 mg/kg Bw
daily of
D-galctose

Osteoporotic rats group
With Treadmill exercise 8
rats /8 weeks
Injected IP 200 mg/ kg Bw
daily of D-galctose with
treadmill exercise
25m/min for 1hr/5 days in
week

Every month, an x-ray was taken to verify bone density, after Sixty days rats were scarface
and sample were taken for diagnosis :

Osteoporotic parameters

RANK ,RANKL , OPG & Cathepsin _ K

Electrolyte

Ca,Na, K& P

Hormones

Calcitonin , PTH, Vit D

Gene expression

RUNX 2

Histological examination( H&E) &
scanning electron microscope ( SEM)

byl

Femoral bone

Figure(3.1) :Experimental Design
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3.2.1.2. Treadmill
Treadmill is a popular exercise machine designed for indoor walking,

jogging, or running. It consists of a moving belt that allows users to simulate the
experience of walking or running while staying in one place (Yuen., et al 2018).
Treadmills offer a convenient and efficient way to engage in cardiovascular
exercise, enhance physical fitness, and achieve various health benefits (Kenney., et
al 2022).

In designing a treadmill for rats it's crucial to accurately measure and
understand the speed at which the treadmill operates. This ensures that experiments
or training sessions we 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 length of the treadmill was
70 centimeters. This measurement provides a fundamental parameter for our
subsequent calculations. Next, we examined the treadmill's RPM, which was
recorded at 36 rotations per minute. This RPM value indicates how many times 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, 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
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.................................................................................................

approximately 0.42 meters per second.( (lwamoto et al .,2004),as showen in
Figure (3.2)

4
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Figure (3.2): The treadmill machine (25m/min) that was used in the experiment, and the machine was

designed by the researcher.

The treadmill: =70L=70 cm

Rotations per minute: =36RPM=36
Distance covered per minute: distance/minute=Ddistance/minute=LxRPM
distance/minute=70x36=2520Ddistance/minute=70x36=2520 cm/minute

Converting speed to meters per minute:distance/minute=25.20Ddistance/minute
=25.20 meters/minute

Distance covered per second:distance/second=distance/minute60Ddistance/second
=60Ddistance/minute

distance/second=25.2060~0.42 Ddistance/second=6025.20~0.42 meters/second
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3.2.1.3.Collect of the blood samples

Blood samples were drawn after starving the animals overnight, After sixty day
of the experiment, the animals anesthetized by ketamine & xylazine in order to
control and calm the animal before the blood draw. Five ml blood was drawn sby
heart puncture directly and the animal was lying on its back, and sterile medical
syringes of 5 ml were used, then the blood was placed In special gel tube not
containing an anticoagulant, the serum was separated by a centrifuge at a speed of
5000 r / min for 5 minutes, the separated serum put in a eppendorf’s tubes and kept

in freeze at -20 ° C until the completion of the measurements

3.3.Ethical approve

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

facility.
3.4. Detection of serum Biomarkers of Bone:

3.4.1. Detection of serum RANK:

Serum RANK was detected by use a special ELISA kit according to method of
(Crisafulli et al .,2005) as shown in appendix .
3.4.2. Detection of serum RANKL.:
Serum RANKL was detected by use a special ELISA kit according to method of
(Crisafulli et al ., 2005) as shown in appendix Il
3.4.3. Detection of serum Cathepsin K:
Serum Cathepsin K was detected by use a special ELISA kit according to

method of (Sun et al ., 2013) as shown in appendix 11
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3.4.4 .Detection of serum osteoprotegerin:

Serum osteoprotegerin was detected by use a special ELISA kit according to
method of (Szalay et al ., 2003) as shown in appendix IV.
3.5. Detection of serum Hormones that effect on bone:

3.5.1. Detection of serum Calcitonin:

Serum Calcitonin was detected by use a special ELISA kit according to method of
(Gur et al ., 2003) as shown in appendix V.

3.5.2 .Detection of serum parathyroid (PTH):

Serum parathyroid was detected by use a special ELISA kit according to method
of (Chiang et al ., 2011) as shown in appendix VI

3.5.3. Detection of serum Vit D:

Serum Vit D was detected by use a special ELISA kit according to method of
(Sadat-Ali et al .,2011) as shown in appendixVII

3.6 .Detection of serum Electrolytes:
3.6.1. Detection of serum Calcium (Ca):

Serum Calcium was measured according to method of (Burtis et
al., 2005) by the use of a special kit as shown in appendix VIlII
3.6.2. Detection of serum phosphorus (P):

Serum phosphorus was measured according to method of (Burtis et
al., 2005) by the use of a special kit as shown in appendix 1X
3.6.3. Detection of serum sodium (Na):

Serum sodium was detected by use a special kit according to method of
(Tang et al ., 2020) as shown in appendix X
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3.6.4. Detection of serum potassium (K):

Serum sodium was detected by use a special kit according to method of

(Xiong et al .,2018) as shown in appendix XI
3.7. Bone parameters:

3.7.1 Examination of bone mineral density by X-ray :

Rats were anaesthetized using mixture of I/M ketamine (100mg/kg) xylazine
(10 mg/kg) (Saha et al .,2005). The anesthetized rat was positioned in ventral
recumbence on the scan Figure(3.3). All scans were performed using
DXA(Hologic QDR-1000 System, Hologic Inc., Waltham, USA) at the first day of
the experiment ,after one month and the end of the experiment the high- resolution
scan was performed to evaluate the bone mineral density (BMD) at the femur of
rats,as showen in Figure (3-3).

Figure (3-3):Hologic dual-energy X-ray absorptiometry scan machine.
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3.7.2. Histopathological study:

The bone was decalcified by use special acidic formalin then the tissue
proceeded according to method mentioned in (Suvarna et al .,2018). Slides were
then stained with hematoxylin and eosin ( H&E) and examined by use light
microscope .as shown in appendixXI|
3.7.3. Scanning Electron Microscope(ESM) :

Bone samples from the femoral of the rat fixed with formaldehyde. the fixed
bone samples dehydrate using a series of ethanol solutions with increasing
concentrations. This removes water from the samples and prepares them for the
subsequent steps. critical point drying may be employed to avoid structural damage
caused by surface tension during the drying process. Once dehydrated, mount the
bone samples onto SEM stubs using a suitable adhesive. Ensure that the samples
are securely attached to the stubs to prevent movement during imaging. To
enhance conductivity and minimize charging effects during SEM imaging, coat the
bone samples with a thin layer of conductive material palladium. This can be
achieved using a sputter coater or a carbon evaporator. Place the mounted and
coated bone samples into the SEM chamber and adjust the imaging parameters as
needed. Capture high-resolution images of the bone structure at various
magnifications and orientations. Once the imaging is complete the SEM images

show the microstructure and morphology of the bone samples (Shah et al .,2019).

3.8. Gene expression:

3.8.1 RUNX2 gene expression:

This approach was carried out according to the comparative Ct approach
(AACt) with normalization to the level of the control group in the presence of the
transcript levels to those of GAPDH mRNA. This was achieved according to the

recommendation of (Schroeder et al .,2005).
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3.8.2 Quantitative Reverse Transcriptase Real-Time RT- gPCR:
Animals were anesthetized and dissected so samples could be obtained (the
head of the femur bone). TR1zolTM Reagent/thermofisher scientific was used to
preserve the organs in clean dark containers. The first strand of cDNA is
synthesized ,first strand cDNA synthesis kit. The primer mixture consists of an
anchored oligo(dT)18 primer and a random hexamer primer. Delivery the
extracted total RNA were treated with DNase enzyme to remove the trace amounts
of genomic DNA from the eluted total RNA by using samples (DNase enzyme)
and done according to method described by promega company, USA instructions
as follow according to (Schroeder et al., 2005). Following synthesis of cDNA,
gene specific primers can be used to determine the level of gene ,20ul reactions
Prepare GoTagR 1-Step RT-qPCR Reaction Mix as a single batch that includes the
common components, such as Go TagR 1-Step RT-qgPCR Master Mix, CXR dye,
nuclease-free water and Go Script RT Mix. Divide the batch into individual
volumes then add the remaining components; o quantify the mRNA expression
level of RUNX2 bone resorption cytokines, the relative amounts of glyceraldehyde
3-phosphate dehydrogenase (GAPDH) mRNA were analyzed. RNA extraction,
cDNA synthesis, and real-time PCR were performed as described by (Yang et al .,

2012). This study used primer sequences shown in Table (3.3).
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Table (3.3): Nucleotides sequences for RUNX2 gene and Housekeeping gene

Gene of interest Primers PCR
RUNX?2 F 5-
GACTGTGGTTACCGTCATGGC-3 100 bp
R 5-
ACTTGGTTTTTCATAACAGCGGA
Housekeeping gene Primers
GADPH F 5-AGCCCAAGATGCCCTTCAGT-3 88 bp

R 5-CCGTGTTCCTACCCCCAATG-3

3.9.Statistical analysis:

Statistical analysis of data for experiments in the present study was
performed by prism V8.0 on the basis of one way and two way analysis
of variance (ANOVA) using significant level of (P<0.05) (Kwiatkowska
etal .,2006)
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4-1Effect of D-gal and treadmill on femoral bone X-Ray:

Control group D-galctose group D-gal+Tre admill
¢ -~ \ y ) * 77 i

e |5 \.

Figure (4-1): Radiographic image of the bones with white arrow of control group showing normal bone density
.Radiographic image of the bones with black arrow of D-galctose group and treadmill group with yellow and black arrow

showing normal bone density (At zero time).
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Control group D-aal+Treadmill

;I/' s%ﬁ!\ I

Figure (4-2): Radiographic image of the bones at day 30 of the experiment with white arrow of control group showing
normal bone density. While Radiographic image of the bones with treadmill group with yellow arrow showing
significantly improved more than D-galctose group with brown arrow, abnormal bone density, decrease osteoporosis with
increase in bones mineral density around the vertebral ,femoral and pelvic bones especially at the middle and epiphysis of
bones ( after one month).
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D-galctose group

Figure (4-3): Radiographic image of the bones with white arrow of control group showing normal bone density .While
Radiographic image of the bones with treadmill group show a lees bone density as comper with control the D-gal group
showing a significant sclerosis with reduce in bones mineral density around the vertebral ,femoral and pelvic bones with a
high radiopaque area brown arrow ( after two month).

Table (4-1) Effect of 200 mg/kg of D-gal daily for 1st , 30 and 60 days days and 25m/min days
treadmill sport in the bone density g/cm on the male rats

Groups
days Control D-gal D-gal treadmill

0.368+0.031 0.358+0.024 0.354+0.061

First day Aa Aa Aa
0.354+0.051 0.266+0.032 0.304+0.042

30days Aa Bb Ab
0.372+0.043 0.186+0.025 0.285+0.032

60days Aa Bc Cc

Values are expressed as mean = SE n=5/ group .Capital letter denote between groups difference (p<0.001)vs.
control. Small letter denote within group difference (p<0.01) vs. first day . D-gal animal received200mg/kg D-gal
tread animals received200mg/kg 25m/min days treadmill sport
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The images presented in (Figure 4-1,4-2 and 4-3) show important findings about
the effect of D-gal on bone density and the potential impact of the Treadmill device in
its treatment, the control group has normal bones with an appropriate density, and this
IS expected in the group that was not exposed to any intervention. As for the D-gal
group ,bones appear less dense compared to the control group, and this indicates the
development of osteoporosis due to mineral deficiency in the vertebrae, thigh, and

pelvis, as is evident in the x-rays.

Table(4.1) and Figure (4-1) showed there is non significant differences in the D-gal
group and (Treadmill +D-gal) group with control group(0.368+0.031), (0.354+0.051)
and(0.372+0.043),while the same table and figure showed a significant(P<0.01)
decrease in the D-gal group(0.266+0.032) compare with control group and (Treadmill
+D-gal) groups of 30 days of the experiment.

Figure (4-2) the control group show a normal bone density at 30 day of the
experiment while the D-gal group show a significant decrease in the bone density and
decrease osteoporosis with increase in bones mineral density around the vertebral
,femoral and pelvic bones especially at the middle and epiphysis of bones, while the d-

gal and treadmill show a significantly improved more than D-gal group.

Also the result investigate of the 60 days of the experiment a significant(P<0.01)
decrease( 0.186+0.025) compare with control (0.372+£0.043) and (Treadmill +D-gal)
group (0.285+0.032). on the other hand at the 60 day of the experiment the
radiographic image of the control group showed normal bone density , the D-gal group
showed a sclerosis with reduce in bones mineral density around the vertebral ,femoral
and pelvic bones with a high radiopaque area ,while treadmill group showed a less
radiographic change as compare with the control group as shown in figure (4-3). The
role of the(Treadmill +D-gal) group of 30 and 60 days ranged to significant(P<0.01)
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In the (Treadmill +D-gal) group, less dense bones were also observed compared
to the control group, but to a lesser extent than in the D-gal group. This suggests that
D-gal may have weakened the bones initially, but there is no clear effect of Treadmill
in improving bone density yet. After a month of the experiment, it was noted there was
significant change observed with in bone density, as for the (Treadmill +D-gal) group
there was a noticeable improvement in bone density compared to the D-gal group.
This improvement can be explained by the mechanism of the Trimil device stimulating
bone formation. The D-gal group showed continued reduction in bone density, and
this supports the idea that D-gal weakens bones. In Figure 3, after two months of
conducting the experiment, it was observed that there was no change in the control
group as expected, but the group (Treadmill+ D-gal) showed a whiter area in the
bones compared to the D-gal group ,which is showed by the brown arrow. This could
indicate The result is excessive stimulation of bone formation from the Treadmill
device. In the D-gal group ,it was observed that bone density continued to decrease, as

an evident in the examination results.

From the process of regeneration. Chronic inflammation stimulated by the presence
of D-gal affects the secretion of inflammatory cytokines, which are molecules that lead
to the activation of bone-destroying cells (osteocytes) and increased bone
destruction(Imerb et al., 2023) . There is also a hormonal imbalance, as D-gal affects
the levels of the main hormones that regulate bone building, such as calistonin and
PTH which leads to an imbalance in the bone building process(Dowhan &

Dharmarajan, 2020).

The results of the current research showed that the use of the Treadmill device led
to a significant improvement in bone density and reduced osteoporosis in rats that were
injected with D-gal . These benefits are due to several mechanisms, the most important

of which is stimulating bone formation, as the treadmill stimulates the secretion of
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factors that stimulate bone formation (osteoblasts) and increases the synthesis of
extracellular matrix proteins, which leads to increased bone density(Liu et al ., 2018) .
The treadmill also helps reduce the secretion of inflammatory cytokines, which leads to
the inhibition of bone-destroying cells (bone-eating cells) and reduces bone fracture
(Pranoto et al ., 2003 ). The mechanical loading experienced during treadmill exercise
stimulates osteoblasts to produce bone matrix. This process is crucial for the repair of
micro damage within the bone and contributes to the overall adaptive response of bone
to physical activity (Qin & Hu., 2020).

4-2 Effect of D-gal and treadmill on serum biomarkers:

4-2-1Effect of D-gal and treadmill on serum RANK/RANKL.:

The current study show an increase in the RANK in the D-gal group as compare
with the control group .the D-gal group was significant (P < 0.0022) at (0.190 £ 0.015)
compared to the control group (0.159 + 0.0013), while the (treadmill+D-gal) group
showed a significant decrease in the serum RANK compare with D-gal
group(0.173+0.09), as shown in figure (4-4).

The study show that there was a significant increase in the RANKL as (0.195 *
0.01) in the D-gal group compared to the control group (0.155 + 0.01), while the
(treadmill+D-gal) group showed a significant decrease in the serum RANKL compare
with D-gal group(0.159 +0.09),as shown in figure (4-5).
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Figure(4.4): 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 mean + SE.
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Figure (4-5) 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.
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Chronic exposure to D-gal has been shown to induce oxidative stress and
inflammation in various tissues including bone (Xu et al ., 2020). These oxidative
cellular stress responses can trigger signaling cascades that culminate in increased
RANKL gene expression thereby promoting osteoclast genesis and bone
reabsorption(Wang et al ., 2020). D-gal exposure has been shown to alter DNA
methylation patterns within the RANKL gene promoter region leading to enhanced

transcriptional activity(Tardito et al ., 2019).

(Zhao & Ivashkiv .,2011) found that RANK signaling pathway activation triggers a
cascade of events leading to transcriptional upregulation of target genes involved in
osteoclast differentiation, bone resorption, and immune cell activation. Dysregulation
of serum RANK gene expression is implicated in the pathogenesis of osteoporosis,

inflammatory bone diseases, and cancer metastasis.

Studies have demonstrated alterations in serum RANK mRNA levels following
D-gal administration accompanied by changes in bone turnover markers and bone
mineral density(Hor et al ., 2019 ; Xu et al ., 2020). Studies also shown that ROS
generated during D-gal metabolism can activate transcription factors, such as nuclear
factor-kappa B (NF-xB) and activator protein-1 (AP-1) which regulate serum RANK
gene transcription ,oxidative stress induced DNA damage and histone modifications
may alter chromatin structure leading to changes in serum RANK gene accessibility
and expression(Tornatore et al ., 2012 ; Brzéska & Rogalska., 2013 ; Thakur et al
., 2014).

D-gal may also exert indirect effects on RANKL expression through modulation
of inflammatory and oxidative stress pathways(Wu et al ., 2020). Immune cells
including T cells, B cells, and macrophages, contribute to the production of RANKL

during inflammation. Activated T cells especially T-helper 17 (Th17) cells are potent
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producers of RANKL B cells and macrophages also secrete RANKL in response to

inflammatory stimuli(Adamopoulos & Bowman., 2008 ;Li et al ., 2022)

Some studies found that Oxidative stress may influences RANKL expression is the
nuclear factor kappa B (NF-kB) signaling pathway. ROS generated by D-gal can
activate NF-«xB signaling leading to the translocation of NF-kB transcription factors
into the nucleus, once in the nucleus NF-kB binds to specific regulatory elements
within  the RANKL gene promoter region thereby enhancing RANKL
transcription(Zhang et al ., 2021 ;Wang et al ., 2022). This process represents a direct
link between oxidative stress induced by D-gal and the up regulation of RANKL

expression.

Studies also found that Oxidative stress has been shown to activate the mitogen-
activated protein kinase (MAPK) pathway including extracellular signal-regulated
kinase (ERK), c-Jun N-terminal kinase (JNK) and p38 MAPK(Runchel et al ., 2011
;Liu et al., 2011),These kinases can phosphorylate transcription factors such as
activator protein 1 (AP-1) which in turn can bind to the RANKL gene promoter and
stimulate its transcription(Malik et al ., 2023).

Metabolism of D-gal leads to the production of ROS through various pathways
including autoxidation of D-gal generation of advanced glycation end-products
(AGEs) and activation of NADPH oxidase and mitochondrial electron transport chain
(Song et al., 2021), (Winter&Bickford., 2019) found that excessive ROS
accumulation can over when cellular antioxidant defenses, resulting in oxidative
damage to lipids, proteins, and nucleic acids. Experimental models utilizing D-gal
administration have consistently demonstrated increased oxidative stress markers and

cellular dysfunction, mirroring aging-related change (Atef et al., 2022).

47



Chapter Four: ReSult and DiSCUSSIOM. «.uueeeeeeeeeeeeeennesneennseeeessssseesossssssssssssssssssssssssssssssssssssssssssssssssssse

The primary positive effects of treadmill exercise on bone are the improvement of
bone density. Weight-bearing exercises, including walking and running on a treadmill,
subject bones to mechanical loading, stimulating bone formation. This is particularly
important in the prevention of age-related bone loss and osteoporosis (Abd El-Kader
et al .,2016).Studies find that Treadmill exercise influences the secretion of hormones,
such as parathyroid hormone (PTH), estrogen, and insulin-like growth factor 1 (IGF-1)
which modulate RANK gene expression. PTH and IGF-1 promote osteoblast activity
while suppressing osteoclast formation(Qi et al ., 2019;Zhang et al .,2023), also
treadmill exercise reduces systemic inflammation which can indirectly suppress RANK
gene expression by decreasing the production of pro-inflammatory cytokines, such as
interleukin-1 (IL-1) and tumor necrosis factor-alpha (TNF-o)( Hill et al ., 2020).
(Santos et al ., 2017 ;Xu et al ., 2021) found that Treadmill exercise may induce
epigenetic changes such as DNA methylation and histone modifications that affect
RANK gene expression (Santos et al ., 2017 ;Xu, et al ., 2021).

Studies found that treadmill has been demonstrated to suppress the production of
inflammatory cytokines such as tumor necrosis factor-alpha (TNF-a) and interleukin-1
beta (IL-1B)( Al-Jarrah & Erekat.,2018) ,which are known inducers of RANKL
expression. By reducing inflammation, exercise can indirectly decrease RANKL levels

and mitigate its osteoclast genic effects(Luo et al ., 2018).

Exercise-induced mechanical strain during treadmill on bone tissue can stimulate
the production of anti-inflammatory cytokines and growth factors such as interleukin-
10 (IL-10) and transforming growth factor-beta (TGF-B)(smith et al ., 2016). These
factors have been shown to inhibit RANKL expression and promote osteoblast
differentiation and bone formation(Yi et al ., 2018;Amarasekara et al ., 2021). the
mechanical loading associated with treadmill running may contribute to the

suppression of RANKL and the maintenance of bone homeostasis.
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4-2-2 Effect of D-gal and treadmill on serum OPG:

In the current study demonstrated that the D-gal group serum OPG
concentration(4.32 £ 0.20) was significantly lower (P<0.0003) than the control groups

(7.94 £ 0.01) ,and(treadmill+D-gal) group (6.92 + 0.05) showed a significant decrease
compare with control and (treadmill+D-gal) groups , as shown in figure(4-6).
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Figure (4-6) :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

Oxidative stress resulting from D-gal metabolism activates signaling pathways

involved in osteoclast differentiation and bone resorption (Xu et al ., 2020). ROS-
mediated modifications of OPG and RANKL may alter their binding affinity affecting

the balance between bone formation and resorption. Furthermore inflammation
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induced by D-gal may up regulate RANKL expression further exacerbating bone loss
(Wang et al., 2022 ; Carletti et al ., 2024).

D-gal metabolism leads to the generation of ROS and oxidative stress which have
been implicated in the downregulation of OPG expression. Oxidative stress activates
various signaling pathways including nuclear factor-kappa B (NF-xB) and mitogen-
activated protein kinase (MAPK) which can suppress OPG gene transcription and
promote RANKL-induced osteoclast genesis(Wang et al ., 2022;Lietal ., 2023)

D-gal -induced aging is associated with chronic low-grade inflammation
characterized by elevated levels of pro-inflammatory cytokines such as tumor necrosis
factor-alpha (TNF-0) and interleukin-6 (IL-6)( Permpoonputtana et al ., 2018;
Weitzmann, 2013). found that inflammatory mediators can stimulate osteoclast
formation and activity directly and indirectly by promoting RANKL expression and
inhibiting OPG production. Thus, the inflammatory milieu induced by D-gal may
contribute to the dysregulation of the OPG/RANKL ratio and exacerbate bone loss.

Also D-gal -induced mitochondrial dysfunction may also play a role in the
regulation of OPG expression ,mitochondrial dysfunction impairs cellular energy
metabolism and induces oxidative stress leading to alterations in gene expression and
cellular signaling pathways(Imerb, 2023). Emerging evidence suggests that
mitochondrial dysfunction may contribute to the pathogenesis of age-related bone
disorders by modulating osteoblast and osteoclast function Mitochondrial dysfunction
in osteoclasts impairs their ability to generate ATP leading to reduced bone resorption

capacity and decreased bone turnover. (Liu et al ., 2024)

Treadmill exercise may modulate OPG expression through its effects on systemic
factors and cellular signaling pathways. Studies found that Treadmill -induced

alterations in hormonal milieu, such as increased secretion of growth factors like
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insulin-like growth factor 1 (IGF-1) and testosterone may stimulate OPG production
by osteoblasts Moreover exercise exerts anti-inflammatory effects and reduces
circulating levels of pro-inflammatory cytokine which can suppress OPG expression

and promote bone resorption(Mohamad et al ., 2016 ; Qi et al ., 2019).

On the other hand IGF-1 stimulates OPG production by activating
phosphoinositide 3-kinase (PI3K)/Akt and MAPK pathways, while testosterone
upregulates OPG gene transcription through androgen receptor-mediated signaling
(Massicotte et al ., 2006) .Treadmill exercise imposes mechanical forces on bones
leading to microdamage and deformation. Osteoblasts the bone-forming cells sense
these mechanical signals and respond by increasing OPG gene expression(Birch et al
., 2013) .

(Yavropoulou &Yovos,2016) found that Mechanotrans duction pathways
including integrin-mediated signaling and cytoskeletal remodeling play a crucial role
in translating mechanical stimuli into cellular responses. Activation of focal adhesion
kinase (FAK), mitogen-activated protein kinase (MAPK), and Wnt/B-catenin signaling
pathways stimulates OPG gene transcription and promoting bone formation and

inhibiting osteoclastogenesis.

4-2-3 Effect of D-gal and Treadmill on serum cathapsin K (Cat-K):

In the current study the D-gal groups Cathepsin K concentration was significantly
higher (P<0.0001) at (260.08 + 11.05) than the control groups (163.07 £ 15.09), while
the (treadmill+D-gal) group showed a significant decrease in the serum Cat-K compare
with D-gal group(0.168.30 +12.22), and showed no significant with control group, as

shown in figure (4-7).
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Figure (4-7): Effect of 200 mg/kg of D-gal daily for 8weeks and 25m/min days treadmill sport in the serum
Cathepsin k concentration on the male rats

The level of cathepsin K rises with high D-gal consumption, and this is thought to
be a sign of worsened bone loss (Li et al ., 2019). But disagreement studies by (Teno
,2008; Soung ,2013) found the potential of cathepsin K inhibitors in reducing bone
resorption and enhancing bone repair .Cellular stress-inducing intrinsic damage, such
as DNA damage or increased ROS, eventually converges at the mitochondria where
the fate of the cell is decided. Under pathological conditions, not only the expression
and activity of Cathepsin are increased, but also lysosomal membrane permeabilization
leads to the release of Cathepsin into the cytoplasm, initiating various types of PCD
(Zamyatnin et al ., 2022). Cystatins a superfamily of tight-binding inhibitors of
papain-like cysteine peptidases, are widely applied to inhibit Cathepsin (Watanabe et
al ., 2014).

Studies found that the consumption of D-gal exacerbates age- and obesity-related

bone loss, leading to an elevation in the serum level of cathepsin K(Imerb et al .,
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2023). Cathepsin K is responsible for the degradation of type I collagen in osteoclast-
mediated bone resorption(Garnero et al ., 1989). Cathepsin K (Cat K) is a cysteine
protease of the papain family, now considered to be the major enzyme responsible for
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 |

collagen helical regions(Bromme et al .,1995 ;Garnero et al ., 1989).

The abundant expression of Cat K instead of the other cathepsins was previously
identified in osteoclasts (Drake et al ., 1996) . Furthermore, a study has shown
elevation in the serum RANK,RANK-L OPG in the D-gal group compare with other
groups and increase in the serum Cat K expression which is regulated by the receptor
activator of nuclear factor kB ligand (RANKL)-RANK signaling (Troen, 2006), the
critical signaling pathway of osteoclastogenesis. The activation of RANKL-RANK
signaling pathway in osteoclast precursors stimulates the pro-osteoclastogenic
transcriptional factor NFATcl (nuclear factor of activated T cells) to initiate the
transcription of Cat K (Balkan et al ., 2009).In the process of bone resorption, Cat K
are secreted from mature osteoclast into the “sealing zone,” a dynamic actin- rich cell-
matrix adhesion structure that defines the resorption area of bone (Takito et al ., 2018)
It is known that Cat K could efficiently degrade type I collagen (Garnero et al .,
2018).

The current study aggrement with (Lotinun et al ., 2013) 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
Cat K expression in human chondrocytes (Suzuki et al ., 2020) inhibition of Cat K by
mechanical stress for 8weeks and 25m/min days treadmill sport could suppress the
cartilage degradation as well as the systemic and local bone loss (Asagiri et al ., 2008;
Svelander et al ., 2009 ; Yamashita et al ., 2018 ;Yamada 2019) and Since
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suppression of CatK activity could prevent bone resorption without perturbing bone
formation (Costa et al ., 2011), it has become an attractive target for anti-resorptive
drug development. Activation of Cathepsin K can be activated by transitioning from its
inactive form to its active form. Possible activators may involve changes in acidity and
the presence of other enzymes (Boon, 2020).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 (Sharma et al ., 2021).

4-3 Effect of D-gal and Treadmill on serum electrolyte (Na ,Ca,P & K):

Figure (4-8) showed a significant decrease (P < 0.05) in the serum calcium
concentration at (15.42 = 0.38) in the D-gal group compared to the control group
(21.66 = 1.20),while (treadmill+D-gal) group showed a significant the lower
concentration at(10.72 + 0.52) compared to other groups. The lower concentrationin
the serum Na in the D-gal group was significant (P < 0.05) at (81.05+5.46) compared
to the control group(100.10£7.806), while (treadmill+D-gal) group showed a
significant the lower concentration at(59.82 + 4.40) compared to other groups. In the
serum P concentration not significantly between D-gal group and other groups , the
current study demonstrated that the D-gal groups serum K concentration was
significantly lower (P<0.05) than the control groups (4.77 £ 0.31), while control group
(6.17 £ 0.26),and not significantly differences between (treadmill+D-gal) group and

other groups ,as shown in figure (4-8).
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Figure (4-8 ) Effect of 200mg/kg of D-gal and 25m/min for 1hr/5 days treadmill sport for 8weeks on the serum Na
,Ca,P & Kconcentrationon male rats .
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serum Ca level of D-gal group showed a decrease as compare with the other group
this result may occur due to the imbalance of the Ca hormones in the body (PTH &
calcitonin) and this lead to increase Ca imbalance between the bone and the body
which lead to increase serum Ca, also the calcitonin hormone increase the activity of
the osteoclast cells which lead to destruction of the osteocyte and this increase serum
Ca level inflammation due to increase the oxidative stress also case necrosis in the
osteocyte that lead to release the Ca into the blood stream which play a role in the
increase the serum Ca consecration in the D-gal treated rats. 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 the
osteoclast, while the control group did not change and was similar to normal bone
tissue. and this result is in agreement with (McDERMOTT & Kidd, 1987 ; Cerqueni
etal ., 2022).

Also the current study show a significant decrease in serum Na concentration in the
treadmill group as compare with the other groups and this result is in agreement with
(Muhammad et al ., 2022), how found that this decrease occur due to the effect of
treadmill to increase sweeting in the rats and the sweet is contain an amount of Na in
it and this lead to decrease the amount of Na in the body .On the other hand the D-gal
group show a significant decrease in the Na as compared with the control group this
result is in agreement with (Dong et al ., 2022) how found this may occur due to the
ability of D-gal to increase of the oxidative stress in the kidney blood vessels that lead
to decrease the Na reabsorption from the kidney which will case a decrease in the body
sodium that lead to decrease of serum Na . Also Mitochondrial dysfunction due to
high oxidative stress in renal cells may impact sodium transport mechanisms.

Oxidative stress can influence the redox state of proteins, including ion transporters in
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the kidney. Some sodium transporters are sensitive to changes in redox status, and
alterations in their activitymay affect sodium reabsorption (Amabebe et al ., 2013 ;
Aranda-Rivera et al ., 2021; Jo et al ., 2023).

on the other hand serum concentration of K+ in the D-gal group shows a significant
decrease as compare with the other group. The K+ concentration inosculated with the
Na so when there is decrease in the Na in the body due to disorder the K level will also
decrease, Since D-gal leads to damage to the blood vessels in the kidney, this leads to
the excretion of minerals from the body, such as sodium and potassium, and this
explains the reason for their deficiency in the process of complete reabsorption of the

excreted materials (Jang et al ., 2017 ; Wang et al ., 2022).

4-4 Effect of D-gal and Tread mill on serum bone related hormones:

In the current study there was a significant increase in the PTH at (201.55+ 7.02) in
the D-gal group compared to the control (treadmill+D-gal) groups (109.81 £ 6.79)
,while (treadmill+D-gal)group showed a not significant compared to control groups.
However, there was a a significant increase in the Calcitonin in the D-gal group was
significant (P < 0.05) at( 739.58 + 20.24) compared to the control and (treadmill+D-
gal) groups (200.76 £ 3.33),while (treadmill+D-gal)group showed not significant

compared to control groups , as shown in figure (4-9).
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Figure (4-9 ) Effect of 200mg/kg of D-gal and 25m/min for 1hr/5 days treadmill sport for 8weeks on the serum
calcitoninand PTH concentration on male rats .

The current study demonstrated that the D-gal group serum Vit D concentration was
significantly higher (P<0.05) than the control group (303.48 + 4.12), while control
(140.5 £ 3.96), and (treadmill+D-gal)groups (201.21+6.67) showed not significant
compared to control groups, as shown in figure (4-10).
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Figure (4-10) Effect of 200mg/kg of D-gal and 25m/min for 1hr/5 days treadmill sport for 8weeks on the serum
Vit.D concentration on male rats .

In the current study there was a significant increase in the (PTH, Vit D &
calcitonin) level in the serum of the D-gal rats group as compared with the other
groups . This result may occur due to the Oxidative Stress-Induced DNA Damage,
ROS generated during oxidative stress can inflict damage on cellular DNA.
Parathyroid gland cells may be wulnerable to such genetic alterations, potentially
impacting the expression of genes involved in PTH synthesis and release. Oxidative
stress-induced changes in DNA integrity could lead to long-term consequences for
PTH regulation, adding another layer to the complex relationship between oxidative
stress and the endocrine system (Vono et al ., 2018 ;Souliotis et al ., 2019 ;
Jacquillet et al ., 2019).

Calcium-sensing receptors (CaSR) play a crucial role in regulating PTH secretion
by sensing changes in extracellular calcium levels. Oxidative stress has been linked to
alterations in CaSR function. D-gal -induced oxidative stress may modulate the
sensitivity of CaSR in the parathyroid glands, affecting their ability to respond

appropriately to changes in calcium concentrations. This, in turn, could impact the
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finely tuned regulation of PTH release in response to calcium homeostasis (Brown
2013; Manayi et al ., 2014 ; Kosibaetal ., 2020)

Prolonged exposure to oxidative stress may contribute to parathyroid hyperplasia, a
condition characterized by the enlargement of the parathyroid glands. This enlargement
could be a compensatory response to oxidative damage, aiming to maintain adequate
PTH production. However, the hypertrophic changes may lead to dysregulation of PTH
secretion, further complicating the relationship between oxidative stress and the
endocrine function of the parathyroid glands (Deska et al ., 2019; Rendina & Rosen,
2022).

4-5 Effect of D-gal and treadmill on femoral bone histology :

The control group of the current study showed a normal bone structure with
compact bone plat and remarkable canals bone trabeculae ,surrounding cavities of
normal bone marrow as shown in figure (4-11 a) . The D-gal treated animal, revealing
the significant histological alterations manifested by marked thinning of trabeculae
with irregular borders sever resorption and perforation of compact bone with irregular
atrophied osteocytes and marked cavities formations with numerous typical large
multinucleated osteoclasts released from surface of bony trabeculae with numerous
typical large multinucleated osteoclasts released from surface of bony trabeculae and
typical large multinucleated osteoclasts in bone plate with irregular plates edges (4-11
b,4-12 C&D and 4-13 E&F)
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Figure(4-11) 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 and E,4X)\

Figure (4-12) Photomicrograph of bone tissue section for D-gal treated animal , revealing the significant histological
alterations manifested by sever 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 and E,40X)
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Figure(4-13) Photomicrograph of bone tissue section for D-gal treated animal , revealing remarkable histological
alterations manifested by typical large multinucleated osteoclasts in bone plate (black arrow) with irregular plates
edges(yellow arrow) (3f) Photomicrograph of bone tissue section for D-gal 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 and E,100X)

The presented photomicrographs reveal histological alterations in bone tissue
sections from D-gal treated animals. These findings align with previous research by
(Moser et al .,2019; Rikkonen et al .,2021) that demonstrating the detrimental effects
of D-gal on bone health. Figure (4-12 d) show cases resorption and perforation of
compact bone .This indicates loss of bone mass, potentially due to increased osteoclast

activity.Also, displays irregular, atrophied osteocytes.

The observed resorption, osteocyte atrophy, and cavity formations suggest a net
loss of bone mass. The presence of osteoclasts further supports this notion. While the
absence of osteoclasts in one figure warrants further investigation, the overall findings
align with previous research and highlight the potential detrimental effects of D-gal on
bone health. A study conducted by researcher (Moser et al .,2019) aligns with the
findings of our current study.
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Figure(4-14) 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 microfissures (green
arrow) . (H and E,4X)

Building upon the observations of D-gal induced bone damage (4-13) showcases
the remarkable reversal of these histological alterations in animals treated with D-gal
alongside treadmill . This compelling evidence highlights the potential protective
effects of exercise against D-gal mediated bone deterioration. This Figure provides
compelling evidence that exercise can effectively counteract D-gal induced bone
damage. The increased trabecular thickness, new lamellar bone structure, healthy
osteocytes, and cellular red marrow observed in the exercise group highlight the
potential of exercise as a therapeutic strategy to compact bone loss associated with D-
gal exposure. A study of (Yu et al .,2020 ) demonstrated that exercise prevented bone

loss and increased bone mineral density in rats treated with D-gal .
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Figure(4-15) 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 and E,40X).

The photomicrographs Figures (4-14 and 4-15) offer a compelling visual
representation of exercise-mediated bone restoration in D-gal treated animals. The
restored bone structure, healthy osteocyte population, and active osteoblast presence
highlight the potential of exercise as a therapeutic strategy to compact bone loss
associated with D-gal exposure. Further research is warranted to fully elucidate the
underlying mechanisms and optimize exercise protocols for maximizing bone health
benefits. These findings align with previous studies demonstrating the protective effects
of exercise against bone loss. As mentioned earlier, reported similar observations of
exercise preventing bone loss and promoting bone formation in D-gal or other bone-

deteriorating models.

64



Chapter Four: ReSult and DiSCUSSIOM. «.uueeeeeeeeeeeeeennesneennseeeessssseesossssssssssssssssssssssssssssssssssssssssssssssssssse

4-6 Effect of D-gal and treadmill on femoral bone examined by scanning electron
microscope:

The control group showed a reversible of the histological alterations manifested
by marked thickness of trabeculae and lamellars with emularte in the space of the
Hawversian canal (cavities in bony plate) and improve in the bone matrix as shown in
figure (4-16).
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Figure (4-16)Electron microscope photograph of the control group showed a reversible of the histological
alterations manifested by marked thickness of trabeculae and lamellars with emularte inthe space of the
Haversian canal (cavities in bony plate) and improve inthe bone matrix
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Figure (4-17) Electron microscope photograph of the D-gal group showed a significant histological alteration
manifested by marked thinning and irregular of trabeculae and lamellar with enlarged in the space of the
Haversian canal (cavities in bony plate) resorption inthe bone matrix
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Figure (4-18) Electron microscope photograph of the D-gal + treadmill group showed a reversible of the histological

alterations manifested by marked thickness of trabeculae and bone lamellar in the space of the Haversian canal (cavities
in bony plate) inthe bone matrix

Electron microscopy of bone tissue from rats fed D-gal revealed significant
changes in bone structure. Wide spaces between the bones were observed, indicating
bone thinning. Additionally, cracks were present in the bones, suggesting damage to
the bone matrix. Findings of fig.(4-17 ) provide clear evidence that D-gal can cause
substantial bone changes in rats. These changes, including bone thinning and bone
matrix damage, could lead to bone weakness and an increased risk of fractures. There
are Several mechanisms could explain the detrimental effects of D-gal on bone health
for example Interference with Mineral Absorption: D-gal may interfere with the
absorption of calcium and phosphorus from the intestines. These minerals are essential
for bone building and maintenance. A study by (Imerb et al ., 2022)confirmed this
effect, finding that rats fed D-gal exhibited significantly reduced calcium and
phosphorus absorption, leading to bone thinning and decreased bone density.

Additionally ,D-gal may induce oxidative stress in bone cells, leading to cellular
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damage and bone matrix breakdown. At study by (Garcia et al.,2024) supported this
effect, demonstrating that bone cells exposed to D-gal in vitro experienced increased
levels of free radicals, resulting in DNA and protein damage in the cells and bone
matrix damage. (Mhd et al.,2022) conducted a study on mice, comparing the effects of
a D-gal -rich diet to a normal diet, and concluded that the D-gal diet resulted in

significant bone loss and impaired bone formation.

The electron microscope unweils a reversal of bone damage in the D-gal plus
treadmill group compared to the D-gal only group shown in figure (4-18) .This
translates to thicker trabecular and denser bone lamellae within the haversian canals
(cavities within the bone) of the treadmill exercising rates . This remarkable shift in
bone structure signifies that treadmill exercise can effectively counteract the

detrimental effects of D-gal on bone health.

Several mechanisms underpin this protective effect of treadmill exercise against D-
gal induced bone damage.( Partadiredja et al ,2019) support the recent study that
Treadmill exercise can stimulate the production of osteoblasts, the bone-building cells,
leading to enhanced bone formation. This increased bone formation compensates for
the bone loss induced by D-gal . Additionally,( Yu et al ,2020)other researcher agree
that treadmill exercise has been shown to reduce oxidative stress in various tissues,
including bone. Since oxidative stress is a major culprit in D-gal induced bone
damage, reducing it through exercise protects bone cells and promotes overall bone
health.

Finally, treadmill exercise may improve the absorption of calcium and phosphorus
from the intestines, essential minerals for bone formation, this enhanced absorption
counteracts the interference with mineral absorption. In essence, treadmill exercise

emerges as a powerful strategy to prevent or reverse D-gal bone damage, highlighting
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its potential role in maintaining bone health and preventing osteoporosis, especially for

those exposed to higher levels of D-gal .

4-7 Effect of D-gal and Treadmill on Runx-2 gene expression:

In the current study there was a significant increase in the runx-2 gene expression
in the D-gal group as compare with the other groups , also there was a significant
decrease in the treadmill group as compare with the control group as shown in the

figure (4-19) and this result is in agremant with (Jing et al ., 2023).
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Figure (4-19): Amplification curve of the tested samples represented the runx-2 gene. this indicate a successful
RNA extraction and cDNA synthesis
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Figure (4-20): Fold change comparison between the group expressed runx-2 gene . and show a significant increase
in the D-gal group as compare with the control group and treadmill group.

Inflammatory cytokines such as tumor necrosis factor-alpha (TNF-0) and
interleukin-1 (IL-1) can activate pathways that stimulate Runx-2 expression. MPs are
potent inducers of osteoblast differentiation and bone formation. Severe damage may
upregulate the expression of BMPs, which in turn activate Runx-2 expression and

activity.

The inflammation due to D-gal administration may significantly influence the
transcriptional activity of Runx-2  tumor necrosis factor-alpha (TNF-o0) a pro-
inflammatory cytokine abundantly produced at the site of injury has been shown to
stimulate Runx-2 expression in osteoblasts. TNF-o activates downstream signaling
pathways, including the NF-«kB pathway, which can directly interact with Runx-2

regulatory elements to enhance its transcriptional activity(Gandhi et al ., 2021).

Interleukin-1 (IL-1) is another potent inflammatory cytokine which increase in case
of d-gal administration has been linked to the up regulation of Runx-2 expression. IL-1
promotes osteoblast differentiation and bone formation by modulating various

signaling cascades including the MAPK pathway which can converge on Runx-2 to
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promote its transcriptional activity(Alexander .,2006; Griffin et al ., 2006 ). The
Wnt/B-catenin pathway which plays a fundamental role in bone development and
repair. Wnt ligands released during the inflammatory response stabilize cytoplasmic -
catenin, allowing its translocation into the nucleus where it interacts with transcription
factors such as T-cell factor/lymphoid enhancer factor (TCF/LEF) and Runx-2 to
promote osteoblast differentiation and bone formation. Treadmill activity is considered
a possible moderator, which uses a robust experimental design that incorporates D-Gal
induction to mimic accelerated aging and osteoporosis (He et al .,2020).
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(McDonald et al ., 2021).
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5. Conclusions & Recommendations

5.1 Conclusions:

After 60 days of the animal receives 200 mg/kg Bw D-gal with use of a treadmill at

25 m/min for 5 days weekly for sixty days conclusions are the flowing:

1- The X-Ray examination show a decrease in density and inflammation in the D-
gal group while there is ameliorate the density to the control level in the D-gal

plus treadmill group.

2-D-gal can effect on bone biomarker (increase in RANK , RANKL ,Cathepsin K)
and decrease in serum OPG while treadmill show a significant decrease compared

with D-gal group.

3-Revealed significant variations in parathyroid hormone, Calcitonin and Vitamin
D levels, increased in the serum of calcium in the D-gal group compared to the
control and treadmill group. In contrast, no a significant in the serum of sodium,
potassium and phosphorus in the treadmill plus D-gal group compared to the

control group.

4- Treadmill has emerged as an effective treatment option as a modulator of bone
remodeling which uses a robust experimental design that incorporates D-gal

induction to mimic accelerated aging and osteoporosis

5- Histological examination of the bone tissue in our study showed thinning
trabeculae of numerous an large multinucleated osteoclast marked cavity in the D-
gal group ,while the group that was under treadmill showed an increase in the
number of osteoblast cells with fewer cavities in the bony plates and reduction in

micro-fissure in femur compact bone by using scanning electron microscope..
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6- Fold change comparison between the groups expressed group show an increase
in the Runx2 gene expression in the D-gal group as compare with the treadmill and

control group .

5.2 Recommendations :

1-Study on effect of treadmill on the high cholestrol diet (HCD) .
2-Study the effect of treadmill on the cardiovascular system.

3-1t is recommended to exercise for periods of no less than five hours per week in

order to get rid of the negative effects of harmful substances in the body.

4- Investigate the dynamic regulation of osterix and Runx2 by RANK/RANKL

signaling over the course of osteoporosis development.

5-Using another animal model in the experiment to study the physiological

changes that occur in the body.

6-Measure glucocorticoids and thyroid hormone.
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Appendix |
Detection of serum RANK
Reagent Preparation:

1. Bring all kit components and samples to room temperature (18-25°C) before use.Make

sure all
components are dissolved and mixed well before using the kit.
2. If the kit will not be used up in 1 time, please only take out strips and reagents for present
experiment, and save the remaining strips and reagents as specified.
3. Dilute the 25x Wash Buffer into 1x Wash Buffer with double-distilled Water.

4. Standard Working Solution - Centrifuge the Standard at 1000 x g for 1 minute.
Reconstitute the Standard with 1.0 mL of Standard Diluent Buffer, kept for 10 minutes at
room temperature, shake gently (not to foam). The concentration of the Standard in the
stock solution is 10 ng/mL. Pleas prepare 7 tubes containing 0.5 mL Standard Diluent
Buffer and use the Diluted Standard to produce a double dilution series according to the
picture shown below. To mix each tube thoroughly before the next transfer, pipette the
solution up and down several times. Set up 7 points of Diluted Standard such as 10 ng/mL,
5 ng/mL, 2.5 ng/mL, 1.25 ng/mL, 0.63 ng/mL, 0.32 ng/mL, 0.16 ng/mL, and the last EP
tubes with Standard Diluent is the Blank as 0 ng/mL. In order to guarantee the experimental
results validity, please use the new Standard Solution for each experiment. When diluting
the Standard from high concentration to low concentration, replace the pipette tip for each
dilution. Note: the last tube is regarded as a Blank and do not pipette solution into it from

the former tube.
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4. Biotinylated Antibody and 1x Streptavidin-HRP - Briefly spor centrifuge the stock
Biotinylated Antibody and Streptavidin-HRP before use. Dilute them to working
concentration 100-fold with Biotinylated Antibody Diluent and HRP Diluent, respectively.

Samples Preparation

1. Equilibrate all materials and prepared reagents to room temperature prior to use. Prior

to use, mix all reagents thoroughly taking care not to create any foam within the vials.

2. The user should calculate the possible amount of the samples used in the whole test.

Please reserve sufficient samples in advance.

3. Please predict the concentration before assaying. If values for these are not within the
range of the Standard curve, users must determine the optimal sample dilutions for their

particular experiments.

Assay Procedure

1. Determine wells for Diluted Standard, Blank and Sample. Prepare 7 wells for Standard,
1 well for Blank. Add 100 pL each of Standard Working Solution (please refer to Reagent
Preparation), or 100 puL of samples into the appropriate wells. Cover with the Plate Cover.

Incubate for 80 minutes at 37°C. Note: solutions should be added to the bottom of the



micro ELISA plate well, avoid touching the inside wall and causing foaming as much as

possible.

2. Pour out the liquid of each well. Aspirate the solution and wash with 200 pL of 1x
Wash Solution to each well and let it sit for 1-2 minutes. Remove the remaining liquid
from all wells completely by snapping the plate onto absorbent paper. Totally wash 3
times. After the last wash, remove any remaining Wash Buffer by aspirating or decanting.

Invert the plate and blot it against absorbent

paper. Notes: (a) When adding Washing Solution, the pipette tip should not touch the wall
of the wells to a void contamination. (b) Pay attention to pouring the washing liquid

directly to ensure that the washing liquid does not contaminate other wells.

3. Add 100 pL of Biotinylated Antibody Working Solution to each well, cover the wells

with the Plate http://www.elkbiotech.com elkbio@elkbiotech.com10 Cover and incubate

for 50 minutes at 37°C.
4. Repeat the aspiration,wash process for total 3 times as conducted in step 2.

5. Add 100 pL of Streptavidin-HRP Working Solution to each well, cover the wells with

the plate sealer and incubate for 50 minutes at 37°C.
6. Repeat the aspiration, wash process for total 5 times as conducted in step 2.

7. Add 90 pL. of TMB Substrate Solution to each well. Cover with a new Plate Cover.

Incubate for 20 minutes at 37°C (Don't exceed 30 minutes) in the dark. The liquid will
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turn blue by the addition of TMB Substrate Solution. Preheat the Microplate Reader for

about 15 minutes before OD measurement.

8. Add 50 pL of Stop Reagent to each well. The liquid will turn yellow by the addition of
Stop Reagent. Mix the liquid by tapping the side of the plate. If color change does not
appear uniform, gently tap the plate to ensure thorough mixing. The insertion order of the

Stop Reagent should be the same as that of the TMB Substrate Solution.

9. Wipe off any drop of water and fingerprint on the bottom of the plate and confirm there
IS no bubble on the surface of the liquid. Then, run the microplate reader and conduct

measurement at 450 nm immediately.

Calculation of Results

Average the duplicate readings for each Standard, Control, and Samples and subtract the
average zero Standard optical density. Construct a Standard curve with the Rat RANK
concentration on the y-axis and absorbance on the x-axis, and draw a best fit curve
through the points on the graph. If samples have been diluted, the concentration read from

the Standard curve must be multiplied by the dilution.



Appendix Il

Detection of serum RANKL

Reagent Preparation:

1. Bring all kit components and samples to room temperature (18-25°C) before use.Make

sure all
components are dissolved and mixed well before using the kit.
2. If the kit will not be used up in 1 time, please only take out strips and reagents for present
experiment, and save the remaining strips and reagents as specified.
3. Dilute the 25x Wash Buffer into 1x Wash Buffer with double-distilled Water.

4. Standard Working Solution - Centrifuge the Standard at 1000 x g for 1 minute.
Reconstitute the Standard with 1.0 mL of Standard Diluent Buffer, kept for 10 minutes at
room temperature, shake gently (not to foam). The concentration of the Standard in the
stock solution is 10 ng/mL. Pleas prepare 7 tubes containing 0.5 mL Standard Diluent
Buffer and use the Diluted Standard to produce a double dilution series according to the
picture shown below. To mix each tube thoroughly before the next transfer, pipette the
solution up and down several times. Set up 7 points of Diluted Standard such as 10 ng/mL,
5 ng/mL, 2.5 ng/mL, 1.25 ng/mL, 0.63 ng/mL, 0.32 ng/mL, 0.16 ng/mL, and the last EP
tubes with Standard Diluent is the Blank as 0 ng/mL. In order to guarantee the experimental
results validity, please use the new Standard Solution for each experiment. When diluting
the Standard from high concentration to low concentration, replace the pipette tip for each
dilution. Note: the last tube is regarded as a Blank and do not pipette solution into it from

the former tube.
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5- Biotinylated Antibody and 1x Streptavidin-HRP - Briefly spor centrifuge the stock
Biotinylated Antibody and Streptavidin-HRP before use. Dilute them to working
concentration 100-fold with Biotinylated Antibody Diluent and HRP Diluent, respectively.

6. TMB Substrate Solution - Aspirate the needed dosage of the solution with sterilized tips

and do not dump the residual solution into the vial again.

Samples Preparation
1. Equilibrate all materials and prepared reagents to room temperature prior to use. Prior
to use, mix all reagents thoroughly taking care not to create any foam within the vials.

2. The user should calculate the possible amount of the samples used in the whole test.

Please reserve sufficient samples in advance.

3. Please predict the concentration before assaying. If values for these are not within the
range of the Standard curve, users must determine the optimal sample dilutions for their

particular experiments.

Assay Procedure

1. Determine wells for Diluted Standard, Blank and Sample. Prepare 7 wells for Standard,



1 well for Blank. Add 100 puL each of Standard Working Solution (please refer to Reagent
Preparation), or 100 uL of samples into the appropriate wells. Cover with the Plate Cover.
Incubate for 80 minutes at 37°C. Note: solutions should be added to the bottom of the
micro ELISA plate well, avoid touching the inside wall and causing foaming as much as

possible.

2. Pour out the liquid of each well. Aspirate the solution and wash with 200 pL of 1x
Wash Solution to each well and let it sit for 1-2 minutes. Remove the remaining liquid
from all wells completely by snapping the plate onto absorbent paper. Totally wash 3
times. After the last wash, remove any remaining Wash Buffer by aspirating or decanting.

Invert the plate and blot it against absorbent

paper. Notes: (a) When adding Washing Solution, the pipette tip should not touch the wall
of the wells to a void contamination. (b) Pay attention to pouring the washing liquid

directly to ensure that the washing liquid does not contaminate other wells.

3. Add 100 pL of Biotinylated Antibody Working Solution to each well, cover the wells

with the Plate http://www.elkbiotech.com elkbio@elkbiotech.com10 Cover and incubate

for 50 minutes at 37°C.
4. Repeat the aspiration,wash process for total 3 times as conducted in step 2.

5. Add 100 pL of Streptavidin-HRP Working Solution to each well, cover the wells with

the plate sealer and incubate for 50 minutes at 37°C.
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6. Repeat the aspiration, wash process for total 5 times as conducted in step 2.

7. Add 90 pL. of TMB Substrate Solution to each well. Cover with a new Plate Cover.
Incubate for 20 minutes at 37°C (Don't exceed 30 minutes) in the dark. The liquid will
turn blue by the addition of TMB Substrate Solution. Preheat the Microplate Reader for

about 15 minutes before OD measurement.

8. Add 50 pL of Stop Reagent to each well. The liquid will turn yellow by the addition of
Stop Reagent. Mix the liquid by tapping the side of the plate. If color change does not
appear uniform, gently tap the plate to ensure thorough mixing. The insertion order of the

Stop Reagent should be the same as that of the TMB Substrate Solution.

9. Wipe off any drop of water and fingerprint on the bottom of the plate and confirm there
Is no bubble on the surface of the liquid. Then, run the microplate reader and conduct

measurement at 450 nm immediately.

Calculation of Results

Average the duplicate readings for each Standard, Control, and Samples and subtract
the average zero Standard optical density. Construct a Standard curve with the Rat
RANKL concentration on the y-axis and absorbance on the x-axis, and draw a best fit
curve through the points on the graph. If samples have been diluted, the concentration read

from the Standard curve must be multiplied by the dilution.



Appendix 11
Detection of serum Cathepsin K

Reagent Preparation:

1. Bring all kit components and samples to room temperature (18-25°C) before use.Make

sure all
components are dissolved and mixed well before using the kit.
2. If the kit will not be used up in 1 time, please only take out strips and reagents for present
experiment, and save the remaining strips and reagents as specified.
3. Dilute the 25x Wash Buffer into 1x Wash Buffer with double-distilled Water.

4. Standard Working Solution - Centrifuge the Standard at 1000 x g for 1 minute.
Reconstitute the Standard with 1.0 mL of Standard Diluent Buffer, kept for 10 minutes at
room temperature, shake gently (not to foam). The concentration of the Standard in the
stock solution is 10 ng/mL. Pleas prepare 7 tubes containing 0.5 mL Standard Diluent
Buffer and use the Diluted Standard to produce a double dilution series according to the
picture shown below. To mix each tube thoroughly before the next transfer, pipette the
solution up and down several times. Set up 7 points of Diluted Standard such as 10 ng/mL,
5 ng/mL, 2.5 ng/mL, 1.25 ng/mL, 0.63 ng/mL, 0.32 ng/mL, 0.16 ng/mL, and the last EP
tubes with Standard Diluent is the Blank as 0 ng/mL. In order to guarantee the experimental
results validity, please use the new Standard Solution for each experiment. When diluting
the Standard from high concentration to low concentration, replace the pipette tip for each
dilution. Note: the last tube is regarded as a Blank and do not pipette solution into it from

the former tube.
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5- Biotinylated Antibody and 1x Streptavidin-HRP - Briefly spor centrifuge the stock
Biotinylated Antibody and Streptavidin-HRP before use. Dilute them to working
concentration 100-fold with Biotinylated Antibody Diluent and HRP Diluent, respectively.

6. TMB Substrate Solution - Aspirate the needed dosage of the solution with sterilized tips

and do not dump the residual solution into the vial again.

Samples Preparation

1. Equilibrate all materials and prepared reagents to room temperature prior to use. Prior
to use, mix all reagents thoroughly taking care not to create any foam within the vials.

2. The user should calculate the possible amount of the samples used in the whole test.
Please reserve sufficient samples in advance.

3. Please predict the concentration before assaying. If values for these are not within the
range of the Standard curve, users must determine the optimal sample dilutions for their

particular experiments.

Assay Procedure

1. Determine wells for Diluted Standard, Blank and Sample. Prepare 7 wells for Standard,



1 well for Blank. Add 100 puL each of Standard Working Solution (please refer to Reagent
Preparation), or 100 puL of samples into the appropriate wells. Cover with the Plate Cover.
Incubate for 80 minutes at 37°C. Note: solutions should be added to the bottom of the
micro ELISA plate well, avoid touching the inside wall and causing foaming as much as

possible.

2. Pour out the liquid of each well. Aspirate the solution and wash with 200 pL of 1x
Wash Solution to each well and let it sit for 1-2 minutes. Remove the remaining liquid
from all wells completely by snapping the plate onto absorbent paper. Totally wash 3
times. After the last wash, remove any remaining Wash Buffer by aspirating or decanting.

Invert the plate and blot it against absorbent

paper. Notes: (a) When adding Washing Solution, the pipette tip should not touch the wall
of the wells to a void contamination. (b) Pay attention to pouring the washing liquid

directly to ensure that the washing liquid does not contaminate other wells.

3. Add 100 pL of Biotinylated Antibody Working Solution to each well, cover the wells

with the Plate http://www.elkbiotech.com elkbio@elkbiotech.com10 Cover and incubate

for 50 minutes at 37°C.
4. Repeat the aspiration,wash process for total 3 times as conducted in step 2.

5. Add 100 pL of Streptavidin-HRP Working Solution to each well, cover the wells with

the plate sealer and incubate for 50 minutes at 37°C.
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6. Repeat the aspiration, wash process for total 5 times as conducted in step 2.

7. Add 90 pL. of TMB Substrate Solution to each well. Cover with a new Plate Cover.
Incubate for 20 minutes at 37°C (Don't exceed 30 minutes) in the dark. The liquid will
turn blue by the addition of TMB Substrate Solution. Preheat the Microplate Reader for

about 15 minutes before OD measurement.

8. Add 50 pL of Stop Reagent to each well. The liquid will turn yellow by the addition of
Stop Reagent. Mix the liquid by tapping the side of the plate. If color change does not
appear uniform, gently tap the plate to ensure thorough mixing. The insertion order of the

Stop Reagent should be the same as that of the TMB Substrate Solution.

9. Wipe off any drop of water and fingerprint on the bottom of the plate and confirm there
Is no bubble on the surface of the liquid. Then, run the microplate reader and conduct

measurement at 450 nm immediately.

Calculation of Results

Average the duplicate readings for each Standard, Control, and Samples and subtract the
average zero Standard optical density. Construct a Standard curve with the Rat CTSK
concentration on the y-axis and absorbance on the x-axis, and draw a best fit curve
through the points on the graph. If samples have been diluted, the concentration read from

the Standard curve must be multiplied by the dilution.



Appendix IV

Detection of serum osteoprotegerin
Reagent Preparation:

1. Bring all kit components and samples to room temperature (18-25°C) before use.Make
sure all components are dissolved and mixed well before using the kit.

2. If the kit will not be used up in 1 time, please only take out strips and reagents for present
experiment, and save the remaining strips and reagents as specified.

3. Dilute the 25x Wash Buffer into 1x Wash Buffer with double-distilled Water.

4. Standard Working Solution - Centrifuge the Standard at 1000 x g for 1 minute.
Reconstitute the Standard with 1.0 mL of Standard Diluent Buffer, kept for 10 minutes at
room temperature, shake gently (not to foam). The concentration of the Standard in the
stock solution is 200 pg/mL. Please prepare 7 tubes containing 0.5 mL Standard Diluent
Buffer and use the Diluted Standard to produce a double dilution series according to the
picture shown below. To mix each tube thoroughly before the next transfer, pipette the
solution up and down several times. Set up 7 points of Diluted Standard such as 200
pog/mL, 100 pg/mL, 50 pg/mL, 25 pg/mL, 12.5 pg/mL, 6.25 pg/mL, 3.13 pg/mL, and the
last EP tubes with Standard Diluent is the Blank as 0 pg/mL. In order to guarantee the
experimental results validity, please use the new Standard Solution for each experiment.
When diluting the Standard from high concentration to low concentration, replace the
pipette tip for each dilution. Note: the last tube is regarded as a Blank and do not pipette

solution into it from the former tube.
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5- Biotinylated Antibody and 1x Streptavidin-HRP - Briefly spor centrifuge the stock
Biotinylated Antibody and Streptavidin-HRP before use. Dilute them to working
concentration 100-fold with Biotinylated Antibody Diluent and HRP Diluent, respectively.

6. TMB Substrate Solution - Aspirate the needed dosage of the solution with sterilized tips

and do not dump the residual solution into the vial again.

Assay Procedure

1. Determine wells for Diluted Standard, Blank and Sample. Prepare 7 wells for Standard,
1 well for Blank. Add 100 puL each of Standard Working Solution (please refer to
Reagent Preparation), or 100 uLL of samples into the appropriate wells. Cover with the
Plate Cover. Incubate for 80 minutes at 37°C. Note: solutions should be added to the
bottom of the micro ELISA plate well, avoid touching the inside wall and causing
foaming as much as possible.

2. Pour out the liquid of each well. Aspirate the solution and wash with 200 puL of 1x

Wash Solution to each well and let it sit for 1-2 minutes. Remove the remaining liquid



from all wells completely by snapping the plate onto absorbent paper. Totally wash 3
times. After the last wash, remove any remaining Wash Buffer by aspirating or decanting.

Invert the plate and blot it against absorbent paper.

Notes: (a) When adding Washing Solution, the pipette tip should not touch the wall of the

wells to a void contamination.

(b) Pay attention to pouring the washing liquid directly to ensure that the washing liquid

does not contaminate other wells.

3. Add 100 pL of Biotinylated Antibody Working Solution to each well, cover the wells
with the Plate http://mwww.elkbiotech.com elkbio@elkbiotech.com10 Cover and incubate
for 50 minutes at37°C.

4. Repeat the aspiration,wash process for total 3 times as conducted in step 2.

5. Add 100 pL of Streptavidin-HRP Working Solution to each well, cover the wells with

the plate sealer and incubate for 50 minutes at 37°C.
6. Repeat the aspiration, wash process for total 5 times as conducted in step 2.

7. Add 90 puL of TMB Substrate Solution to each well. Cover with a new Plate Cover.
Incubate for 20 minutes at 37°C (Don't exceed 30 minutes) in the dark. The liquid will
turn blue by the addition of TMB Substrate Solution. Preheat the Microplate Reader for

about 15 minutes before OD measurement.

8. Add 50 pL of Stop Reagent to each well. The liquid will turn yellow by the addition of
Stop Reagent. Mix the liquid by tapping the side of the plate. If color change does not
appear uniform, gently tap the plate to ensure thorough mixing. The insertion order of the

Stop Reagent should be the same as that of the TMB Substrate Solution.

9. Wipe off any drop of water and fingerprint on the bottom of the plate and confirm there

IS no bubble on the surface of the liquid. Then, run the microplate reade and conduct
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measurement at 450 nm immediately.
Calculation of Results
Average the duplicate readings for each Standard, Control, and Samples and subtract the
average zero Standard optical density. Construct a Standard curve with the Rat CTSK
concentration on the y-axis and absorbance on the x-axis, and draw a best fit curve

through the points on the graph. If samples have been diluted, the concentration read from

the Standard curve must be multiplied by the dilution.
Appendix V
Detection of serum Calcitonin
Reagent Preparation

1. Bring all kit components and samples to room temperature (18-25°C) before use.Make

sure all components are dissolved and mixed well before using the kit.

2. If the kit will not be used up in 1 time, please only take out strips and reagents for

present experiment, and save the remaining strips and reagents as specified.
3. Dilute the 25x Wash Buffer into 1x Wash Buffer with double-distilled Water.

4. Standard Working Solution - Centrifuge the Standard at 1000 x g for 1 minute.
Reconstitute the Standard with 1.0 mL of Standard Diluent Buffer, kept for 10 minutes at
room temperature, shake gently (not to foam). The concentration of the Standard in the

stock solution is 1000 pg/mL. Please prepare 7 tubes containing 0.5 mL Standard Diluent



Buffer and use the Diluted Standard to produce a double dilution series according to the
picture shown below. To mix each tube thoroughly before the next transfer, pipette the
solution up and down several times. Set up 7 points of Diluted Standard such as 1000
pg/mL, 500 pg/mL, 250 pg/mL, 125 pg/mL, 62.5 pg/mL, 31.25 pg/mL, 15.63 pg/mL, and
the last EP tubes with Standard Diluent is the Blank as 0 pg/mL. In order to guarantee the
experimental results validity, please use the new Standard Solution for each experiment.
When diluting the Standard from high concentration to low concentration, replace the
pipette tip for each dilution. Note: the last tube is regarded as a Blank and do not pipette

solution into it from the former tube

500pL 500pL  500uL  500uL  500uL  500pL

Stock

L Berecameqr ‘ ’

Standard

pg/mL 1000 500 250 125 62.5 31.25 15.63

5- Biotinylated Antibody and 1x Streptavidin-HRP - Briefly spor centrifuge the stock
Biotinylated Antibody and Streptavidin-HRP before use. Dilute them to working
concentration 100-fold with Biotinylated Antibody Diluent and HRP Diluent, respectively.

6. TMB Substrate Solution - Aspirate the needed dosage of the solution with sterilized tips

and do not dump the residual solution into the vial again.

Assay Procedure:



1. Determine wells for Diluted Standard, Blank and Sample. Prepare 7 wells for Standard, 1
well for Blank. Add 100 pL each of Standard Working Solution (please refer to Reagent
Preparation), or 100 pL of samples into the appropriate wells. Cover with the Plate Cover.
Incubate for 80 minutes at 37°C. Note: solutions should be added to the bottom of the micro

ELISA plate well, avoid touching the inside wall and causing foaming as much as possible.

2. Pour out the liquid of each well. Aspirate the solution and wash with 200 pL of 1x Wash
Solution to each well and let it sit for 1-2 minutes. Remove the remaining liquid from all
wells completely by snapping the plate onto absorbent paper. Totally wash 3 times. After
the last wash, remove any remaining Wash Buffer by aspirating or decanting. Invert the

plate and blot it against absorbent paper.

Notes: (a) When adding Washing Solution, the pipette tip should not touch the wall of the

wells to a void contamination.

(b) Pay attention to pouring the washing liquid directly to ensure that the washing liquid

does not contaminate other wells.

3. Add 100 pL of Biotinylated Antibody Working Solution to each well cover the wells

with the Plate http://www.elkbiotech.com elkbio@elkbiotech.com10 Cover and incubate

for 50 minutes at 37°C.

4. Repeat the aspiration,wash process for total 3 times as conducted in step?2.

5. Add 100 pL of Streptavidin-HRP Working Solution to each well, cover the wells with
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the plate sealer and incubate for 50 minutes at 37°C.

6. Repeat the aspiration, wash process for total 5 times as conducted in step 2.

7. Add 90 pL of TMB Substrate Solution to each well. Cover with a new Plate Cover.
Incubate for 20 minutes at 37°C (Don't exceed 30 minutes) in the dark. The liquid will turn
blue by the addition of TMB Substrate Solution. Preheat the Microplate Reader for about

15 minutes before OD measurement.

8. Add 50 uL of Stop Reagent to each well. The liquid will turn yellow by the addition of
Stop Reagent. Mix the liquid by tapping the side of the plate. If color change does not
appear uniform, gently tap the plate to ensure thorough mixing. The insertion order of the

Stop Reagent should be the same as that of the TMB Substrate Solution.

9. Wipe off any drop of water and fingerprint on the bottom of the plate and confirm there
IS no bubble on the surface of the liquid. Then, run the microplate reader and conduct

measurement at 450 nm immediately.

Calculation of Results:

Average the duplicate readings for each Standard, Control, and Samples and subtract the
average zero Standard optical density. Construct a Standard curve with the Rat CT
concentration on the y-axis and absorbance on the x-axis, and draw a best fit curve through
the points on the graph. If samples have been diluted, the concentration read from the

Standard curve must be multiplied by the dilution factor. Using some plot software, for



instance, curve expert.
Appendix VI

Detection of serum parathyroid (PTH)
Reagent Preparation

1. Bring all kit components and samples to room temperature (18-25°C) before use.Make

sure all components are dissolved and mixed well before using the kit.

2. If the kit will not be used up in 1 time, please only take out strips and reagents for

present experiment, and save the remaining strips and reagents as specified.
3. Dilute the 25x Wash Buffer into 1x Wash Buffer with double-distilled Water.

4. Standard Working Solution - Centrifuge the Standard at 1000 x g for 1 minute.
Reconstitute the Standard with 1.0 mL of Standard Diluent Buffer, kept for 10 minutes at
room temperature, shake gently (not to foam). The concentration of the Standard in the
stock solution is 800 pg/mL. Please prepare 7 tubes containing 0.5 mL Standard Diluent
Buffer and use the Diluted Standard to produce a double dilution series according to the
picture shown below. To mix each tube thoroughly before the next transfer, pipette the
solution up and down several times. Set up 7 points of Diluted Standard such as 800 pg/mL,
400 pg/mL, 200 pg/mL, 100 pg/mL, 50 pg/mL, 25 pg/mL, 12.5 pg/mL, and the last EP
tubes with Standard Diluent is the Blank as O pg/mL. In order to guarantee the experimental

results validity, please use the new Standard Solution for each experiment. When diluting



the Standard from high concentration to low concentration, replace the pipette tip for each
dilution. Note: the last tube is regarded as a Blank and do not pipette solution into it from

the former tube

500pL 500uL  500uL  500uL  500uL  500pL

Stock

Standard ’ ‘ ’

pg/mL 800 400 200 100 50 25 12.5

5- Biotinylated Antibody and 1x Streptavidin-HRP - Briefly spor centrifuge the stock
Biotinylated Antibody and Streptavidin-HRP before use. Dilute them to working
concentration 100-fold with Biotinylated Antibody Diluent and HRP Diluent, respectively.

6. TMB Substrate Solution - Aspirate the needed dosage of the solution with sterilized tips

and do not dump the residual solution into the vial again.

Assay Procedure:

1. Determine wells for Diluted Standard, Blank and Sample. Prepare 7 wells for Standard, 1
well for Blank. Add 100 pL each of Standard Working Solution (please refer to Reagent
Preparation), or 100 uL of samples into the appropriate wells. Cover with the Plate Cover.

Incubate for 80 minutes at 37°C. Note: solutions should be added to the bottom of the micro



ELISA plate well, avoid touching the inside wall and causing foaming as much as possible.

2. Pour out the liquid of each well. Aspirate the solution and wash with 200 puL of 1x Wash
Solution to each well and let it sit for 1-2 minutes. Remove the remaining liquid from all
wells completely by snapping the plate onto absorbent paper. Totally wash 3 times. After
the last wash, remove any remaining Wash Buffer by aspirating or decanting. Invert the

plate and blot it against absorbent paper.

Notes: (@) When adding Washing Solution, the pipette tip should not touch the wall of the

wells to a void contamination.

(b) Pay attention to pouring the washing liquid directly to ensure that the washing liquid

does not contaminate other wells.

3. Add 100 pL of Biotinylated Antibody Working Solution to each well cover the wells

with the Plate http://www.elkbiotech.com elkbio@elkbiotech.com10 Cover and incubate

for 50 minutes at 37°C.
4. Repeat the aspiration,wash process for total 3 times as conducted in step2.

5. Add 100 pL of Streptavidin-HRP Working Solution to each well, cover the wells with

the plate sealer and incubate for 50 minutes at 37°C.

6. Repeat the aspiration, wash process for total 5 times as conducted in step 2.

7. Add 90 uL of TMB Substrate Solution to each well. Cover with a new Plate Cover.
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Incubate for 20 minutes at 37°C (Don't exceed 30 minutes) in the dark. The liquid will turn
blue by the addition of TMB Substrate Solution. Preheat the Microplate Reader for about

15 minutes before OD measurement.

8. Add 50 uL of Stop Reagent to each well. The liquid will turn yellow by the addition of
Stop Reagent. Mix the liquid by tapping the side of the plate. If color change does not
appear uniform, gently tap the plate to ensure thorough mixing. The insertion order of the

Stop Reagent should be the same as that of the TMB Substrate Solution.

9. Wipe off any drop of water and fingerprint on the bottom of the plate and confirm there
IS no bubble on the surface of the liquid. Then, run the microplate reader and conduct

measurement at 450 nm immediately.
Calculation of Results:

Average the duplicate readings for each Standard, Control, and Samples and subtract the
average zero Standard optical density. Construct a Standard curve with the Rat CT
concentration on the y-axis and absorbance on the x-axis, and draw a best fit curve through
the points on the graph. If samples have been diluted, the concentration read from the
Standard curve must be multiplied by the dilution factor. Using some plot software, for

instance, curve expert.



Appendix VII
Detection of serum Vit D
Reagent Preparation:

1. Bring all kit components and samples to room temperature (18-25°C)
before use.Make sure all components are dissolved and mixed well before

using the kit.

2. If the kit will not be used up in 1 time, please only take out strips and
reagents for present experiment, and save the remaining strips and reagents as

specified.
3. Dilute the 25x Wash Buffer into 1x Wash Buffer with double distilled water.

4. Standard Working Solution - Centrifuge the Standard at 1000 x g for 1
minute. Reconstitute the Standard with 1.0 mL of Standard Diluent Buffer,
kept for about 10 minutes at room temperature, shake gently (not to foam).
The concentration of the standard in the stock solution is 200 ng/mL. Please
prepare 7 tubes containing 0.5 mL Standard Diluent Buffer and use the
Diluted Standard to produce a double dilution series according to the picture
shown below. To mix each tube thoroughly before the next transfer, pipette
the solution up and down several times. Set up 7 points of Diluted Standard

such as 200 ng/mL, 100 ng/mL, 50 ng/mL, 25 ng/mL, 12.5 ng/mL, 6.25



ng/mL, 3.13 ng/mL, and the last EP tubes with Standard Diluent is the Blank
as 0 ng/mL. In order to guarantee the experimental results validity, please use
the new Standard Solution for each experiment. When diluting the Standard
from high concentration to low concentration, replace the pipette tip for each
dilution. Note: the last tube is regarded as the Blank and do not pipette
solution into it from the former tube.

500pL 500yl  500uL  500uL  500uL  500pL

Stock

Standard e ’ ‘

ng/mL 200 100 50 25 12.5 6.25 313

5. 1x Biotinylated-Conjugate and 1x Streptavidin-HRP Working Solution - Briefly spin or
centrifuge the stock Biotinylated-Conjugate and Streptavidin-HRP before use. Dilute them
to the working concentration 100-fold with Biotinylated-Conjugate Diluent and HRP
Diluent, respectively. For http://www.elkbiotech.com elkbio@elkbiotech.com8 example,
10 uL  of  Streptavidin-HRP with 990 uL  of  HRP Diluent.

6. TMB Substrate Solution - Aspirate the needed dosage of the solution with sterilized tips

and do not dump the residual solution into the vial again.
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Assay Procedure

1. Determine wells for Diluted Standard, Blank and Sample. Prepare 7 wells for Standard,
1 well for Blank. Add 50 pL of Standard Working Solution (please refer to Reagent
Preparation) or Sample into each well (Blank is Standard Diluent). Then, add 50 pL of
Biotinylated-Conjugate (1x) to each well immediately. Mix well, cover with the Plate
Cover. Incubate for 1 hour at 37°C. Note: solutions should be added to the bottom of the
micro ELISA plate well, avoid touching the inside wall and causing foaming as much as
possible.

2. Pour out the liquid of each well. Aspirate the solution and wash with 200 pL of 1x
Wash Solution to each well and let it sit for 1-2 minutes. After the liquid has been
decanted, completely remove the remaining liquid from all wells by snapping the plate
onto absorbent paper. Totally wash 3 times. Complete removal of liquid at each step is
essential for good performance. After the last wash invert the plate and blot it against
clean paper towels to remove excess liquid. Notes: (a) When adding Washing Solution,
the pipette tip should not touch the wall of the wells to a void contamination.

http://www.elkbiotech.com elkbio@elkbiotech.com10 (b) Pay attention to pouring the

washing liquid directly to ensure that the washing liquid does not contaminate other wells.
3. Add 100 pL of Streptavidin-HRP Woking Solution (1x) to each well, cover the wells
with the Plate Cover and incubate at 37°C for 60 minutes.

4. Repeat the aspiration, wash process for total 5 times as conducted in step 2.

5. Add 90 puL of TMB Substrate Solution to each well. Cover with a new Plate

Cover. Incubate for 20 minutes at 37°C (Don't exceed 30 minutes) in the dark.

The liquid will turn blue by the addition of TMB Substrate Solution. Preheat the
Microplate Reader for about 15 minutes before OD measurement. Avoid placing the

plate in direct light.
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6. Add 50 pL of Stop Reagent to each well. The liquid will turn yellow by the addition of
Stop Reagent. Mix the liquid by tapping the side of the plate. The insertion order of the
Stop Reagent should be the same as that of the TMB Substrate Solution.

7. Wipe off any drop of water and fingerprint on the bottom of the plate and confirm there
IS no bubble on the surface of the liquid. Then, run the microplate reader and conduct

measurement at 450 nm immediately.

Appendix VIII

Detection of serum Calcium(Ca)

Total Calcium exists in 3 physiochemical states in plasma, of which approximately 50 % is
free or ionised calcium, 40 % is bound to plasma proteins, and 10 % are bound with small
anions.The level of serum calcium may be affected by intestinal malabsorption, by
alterations in plasma proteins level, especially albumin, which should be measured
concurrently with calcium. Hypercalcemia is found in hyperparathyroidism, multiple
myeloma, bone and parathyroidal neoplasms and in states with bones demineralisation.
Hypocalcemia is encountered in hypoparathyroidism and in several cases of necrosis and

acute pancreatitis.

PRINCIPLE

Moorehead and Briggs derived CPC (O-Cresol Phtalein Complexone) method allows
to determinate total Calcium concentration in serum, plasma or urines. In alkaline

solution CPC reacts with calcium to form a dark-red coloured complex which



absorbance measured at 570 nm is proportional to the amount of calcium in the

specimen

PROCEDURE

Detailed Kenza 240TX procedure is available on request Wavelength: 570 nm

Temperature: 37°C.Temperature should be held constant as the absorbance of the dye

IS temperature sensitive.

Automated Manual procedure
analyzer
120 uL R1
Reagents 120 L R2 WR :1000 pL
Standard, Controls, Specimen 6 1L 25 L

Mix well. Incubate for 5 minutes at room temperature.
Read absorbance at 570 nm (550-590) against reagent blank.

The coloration is stable for 1 hour away from light

CALCULATION

Calculate the result as follows:

Abs(Assay)

Result =
Abs(Standard)

X Standard concentration




Appendix IX

Detection of serum Phosphorus(p)

1.Bring reagents and samples to room temperature.

2.Pipette into labeled test tubes

TUBES [Blank Sample %%dard
Working 10mL| 10mL| 10mL
Reagent
Sample O 50 (L 0
CAL.Standard |[] 0 50 (L

3.Mix, let stand the tubes for 1 minute and then pipette:

R3. Developer 0,5 mL 0,5 mL 0,5mL

4.Mix and let the tubes stand 10 minutes at room temperature.

5.Read the absorbance (A) of the sample and the standard at 740 nm against

the reagent blank.

CALCULATIONS
Serum, plasma
A Sample
x C Standard = mg/dL phosphorus
A Standard

Samples with concentrations higher than 15 mg/dL (4.8 mmol/L) should
be diluted 1:2 with saline and assayed again. Multiply the results by 2.

Appendix X

Detection of serum sodium(Na)



Procedure for Measuring Sodium using Kenza Analyzer
1. Sample Collection:

- Blood samples were collected in tubes without anticoagulant for serum or

in tubes with anticoagulant for plasma.
2. Centrifugation:

- The blood samples were centrifuged at an appropriate speed to separate

the serum or plasma from the blood cells.
3. Sample Transfer:

- The separated serum or plasma was transferred to clean analysis tubes.
4. Device Preparation:

- The Kenza Analyzer was turned on and allowed to initialize, ensuring no

system errors were present.
5. Calibration:

- Calibration of the device was performed using standard solutions with
known concentrations of sodium and potassium, following the

manufacturer's instructions.
6. Sample Analysis:

- The prepared samples were placed into the designated slots on the Kenza

Analyzer.

- The specific program for measuring sodium and potassium was selected

on the device.

- The analysis process was initiated by pressing the start button.



7. Result Reading:

- After the analysis was complete, the concentrations of sodium and

potassium were displayed by the device.
- The results were saved or printed as supported by the device.
8. Precautions:

- All tools and tubes were ensured to be clean to avoid sample

contamination.

- The manufacturer's instructions were closely followed to accommodate

specific model variations of the Kenza Analyzer.

- Regular maintenance of the device was performed to ensure accuracy and

reliability of result

Appendix XI

Detection of serum potassium(K)

PROCEDURE

Manual method

Let stand reagent and specimens at room temperature.

Reagent 1 800 uL

Blank, Standards, control or specimen 20 uL

Mix well. Let stand for 5 minutes at 37°C




Reagent 2 200 pL

Mix well.

Read at 380 nm absorbance A1l after 60 sec and A2 after 240 sec .
Calculate DADbs (Abs A2 — Abs Al) for Blank, Standards and
Assays

1- Performances with manual procedure should be validated by user.
2- KENZA applications and other applications proposal are available
on request.
CALCULATION
Serum or plasma:
DADbs (Assay) - DADbs (Blank)
DADbs (Standard) - DAbs (Blank)
Interpolate the DA in the Calibration Curve
Appendix XII

Histopathological examination

The animals were sacrificed via pentobarbital overdose (100 mg/kg). Then, tibia and
femur bone were detached and preserved in 10 % neutral buffered formalin for 48 h, and
then were fixed in 10 % ethylene diamine tetra-acetic acid (EDTA) for decalcification.
Tissue handling was done through graded ethanol, xylol, and paraffin for dehydration,
clearing, impregnation, and embedding. Histologic sections with a thickness of 6 um were
arranged and afterword they were regularly tainted with hematoxylin and eosin.
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