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Abstract

This study was designed to explore the effect of two types of statins
Atorvastatin  (lipophilic) and Rosuvastatin (hydrophilic) on some
biomarkers of bone formation, alkaline phosphatase (ALP),
dihydroxycholecalciferol (1,25 (OH), D3, osteocalcin (OC), calcium (Ca)
and phosphorus (P), and bone resorption N-telopeptide of type 1 collagen
(NTx) in serum of adult female ovariectomized rats. In addition to
determine calcium (Ca), phosphorus (P) and magnesium (Mg) content in
femur bone ash of female ovariectomized rats. Also, histological
examination was performed in left femur bones of these rats. Forty
female rats (2.5-3months) age, weighing (200-220 g) were housed at
controlled conditions of temperature (22-25°C), (12h light-12h dark)
cycle in the animals house of the College of Veterinary Medicine /
University of Mosul. The animals were divided into four equal groups
that include; group 1: sham group and given distilled water, group 2:
ovariectomized (ovx) group as a model of osteoporosis and given
distilled water, group 3: ovx group treated orally with 20 mg/kg body
weight daily of atorvastatin and group 4: ovx group treated orally with 20
mg/kg body weight daily of Rosuvastatin. All groups were treated for 60
days. After 30 and 60 day of treatment, blood samples were collected
from all groups and separated serum for biochemical analysis, right femur
bones were excised and ashed to estimate calcium, phosphorus and
magnesium percentage, and left femur bones were excised for

histological examination.

The results showed a significant elevation in serum ALP, OC, NTX,
calcium and phosphorus and body weight with a significant reduction in
1,25 (OH), D3 in ovx group compared to the sham group, but treatment

with 20 mg/kg atorvastatin for 60 days caused a significant reduction in



ALP, and NTx with a non-significant elevation of 1,25(OH),D3.
However, treatment with 20 mg/kg rosuvastatin caused a significant
reduction in ALP, NTx, OC and calcium with a significant elevation in

1,25(0OH),D3 compared to the ovx group.

As well as, the results revealed a significant reduction in bone ash
weight, percentage of Ca, P and Mg content in bone ash of the ovx group
compared to the sham group, but 20 mg/kg of rosuvastatin treatment led
to a significant elevation in the bone ash weight, percentage of Ca and P
in bone ash in comparison with the ovx rats. Treatment with 20 mg/kg of

atorvastatin elevated Ca and P content in bone ash compared with ovx
group.

Histological results showed a low density, thin trabecular bone, a
few blood vessels, a high numbers of osteoclasts, with low numbers of
osteoblasts in ovx group compared with the sham group, but treated ovx
rats with atorvastatin have an increase in the thickness of trabecular bone
and medium developed osteogenic tissue, also medium number of
osteoblasts and osteoclasts compared with ovx group. Treatment of the
ovX rats with rosuvastatin caused a significant increase in trabecular bone
thickness, well developed osteogenic tissue, high numbers osteoblasts

and low numbers osteoclasts compared with ovx group.

From the results of the current study, we concluded that treatment
with atorvastatin and rosuvastatin prevent bone resorption and enhance
bone formation in ovx female rats. In addition, rosuvastatin has a better

effect on bone metabolism than atorvastatin.
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Chapter One
Introduction

Statins are a class of medicines that lower cholesterol levels in the
blood by reducing its biosynthesis in the liver, by inhibiting the enzyme
called 3-Hydroxy 3-Methylglutaryl CoA (HMG-CoA) reductase, which is
responsible for the synthesis of cholesterol. Scientifically, statins are
referred to as HMG-CoA reductase inhibitors. Statins are the most
frequently drug that used in the treatment of hyperlipidemia and
atherosclerosis (Pinal-Fernandez et al., 2018; Chamani et al., 2021). They
prevent cholesterol synthesis in hepatic cells, leading to increase in low-
density lipoprotein (LDL) receptors, and enhanced the uptake and
clearance of atherogenic LDL-cholesterol from the blood stream (Toth
and Banach, 2019).

There are two types of statins, hydrophilic statins, and lipophilic
statins, based on their ability to dissolve in water or in lipid containing
media. Lipophilic statins (as atorvastatin, fluvastatin, lovastatin,
simvastatin and pitastatin) can easily enter the cells, whereas hydrophilic
statins (as rosuvastatin and pravastatin) present greater hepatoselectivity
(Climent et al., 2021).

The first goal beyond the discovering the HMG-CoA reductase
inhibitors was the fact, that this enzyme is the rate-limiting enzyme in the
pathway of mevalonate, that is responsible for the production of
isoprenoids particularly cholesterol. Since mevalonate pathway is
responsible for the production of another important biomolecules which
have role in osteoclasts activation, some studies had proposed, that statins
may have an inhibiting role for bone resorption, through inhibiting
osteoclasts function (Morse et at., 2018; Chamani et al., 2021).



Several studies have been suggested that statins not effective only in
the reduction of high level of cholesterol, reduce the risk of
atherosclerosis and acute myocardial infraction, but they also treat other

diseases such as osteoporosis (Shah, et al., 2015).

Osteoporosis is a common skeletal disease, characterized by low
bone density and deterioration the microarchitectural of bone tissue (Ris
te li et al., 2015). Ovariectomized rats considered a good model for
osteoporotic women after menopause (Johnston and ward, 2015). The
aim of this study is to investigate the effect of two types of statins
Atorvastatin  (lipophilic) and Rosuvastatin (hydrophilic) on bone
formation and bone resorption in the ovx rats, through the following

estimations:

1. Induction of osteoporosis in adult female rats by ovariectomy.
2. Estimation of some bone biomarkers in serum.

3. Estimation of some minerals in the bone ash of the femur.

4

. Histological study of bone tissue of the femur.



Chapter Two

Review of Literature

2-1: Statins

Statins are the most frequently drug groups that used in the
treatment of hyperlipidemia (Toth and Banach, 2019). They are potent
medicines in the lowering levels of lipids and prevent the cardiovascular
disease (Murller et al., 2021). All statins have an effect by decreasing

cholesterol synthesis (Tonelli et al., 2011).

Statins are structural analogs of 3- hydroxy-3-methylglutaryl-CoA
(HMG-CoA), and competitively inhibit the 3- hydroxy-3-methylglutaryl-
CoA (HMG-CoA) reductase (E.C.1.1.1.34), which is responsible for the
first step in cholesterol biosynthesis in hepatic cells (Cruz et al., 2020;
Orces et al., 2020) Statins reduce the risk of atherosclerosis and acute

ischemic stork (Chamani et al., 2021).

Statins effectively inhibit 3-hydroxy-3-methylglutaryl-CoA (HMG-
CoA) reductase, blocking the biosynthesis of isoprenoid lipids and
causing inhibition of protein prenylation (Chamani et al., 2021).
Prenylated signaling molecules are essential for osteoclast function.
Several studies proposed that statins may have anabolic effect on bone
and stimulate osteoblast differentiation (Hughes et al., 2007; Ruan et al.,
2012; Chamani et al., 2021).

Several studies have found that statins may act against osteoporosis
and bone loss or may be inducing bone loss and fractures (An et al.,
2017; Larsson et al., 2019).



The differences among statins came from the ring that attached to
active moiety, the ring is partially reduced naphthalene as in (lovastatin,
pravastatin and simvastatin), or the ring is pyrrole as in atorvastatin, or
the ring is an indole as in fluvastatin, or the ring is a pyrimidine as in
rosuvastatin, or the ring is a pyridine as in cerivastatin, or the ring is a
quinolone as in pitavastatin(Fong, 2014). The solubility and the
pharmacological properties of statins depend on the substituents that
found on each ring. The hydrophilicity of rosuvastatin and pravastatin
arise from polar substituents plus the active site, while the lipophilicity of
atorvastatin, lovastatin, fluvastatin, pitavastatin and simvastatin come
from addition of nonpolar parts (Schachter, 2005; Fong, 2014; Climent, et
al., 2021).

The lipophilic statins can passively diffuse and enter the cell
membrane, this property decrease the hepatoslectivity because they can
diffuse into other tissue, in contrast, hydrophilic statins need carrier-
mediated to uptake in the liver. The lipophilic statins are cleared by the
oxidative biotransformation process, however the hydrophilic statins are
eliminated unchanged (Ward et al., 2019; Climent et al., 2021).

Statins have activity in reducing LDL (low density lipoprotein) that
transport cholesterol and has a role in the atherosclerosis development
and cardiovascular disease (Alenghat and Davis, 2019; Sheridan et al.,
2022).

2-1-1: Discovering of statins

Molecules called citrinin and compactin (mevastatin) produced by
Penicillium citrinum were discovered in 1970, have inhibiting effect to
the key enzyme in cholesterol synthesis HMG-CoA reductase (Endo,
2010).



In 1979, lovastatin (naturally occurring) that produced from
Aspergillus terreus proven has acceptable toxicity. After that several
types of statins appeared in the market, from these types fluvastatin,

atorvastatin, rosuvastatin and pitvastatin (Drake et al., 2008; Endo, 2010).

In 1994, simvastatin sold by Merck’s Zocor and tested in 4,444
patients who have high cholesterol level, the results after 5 years, showed

a reduction 35% in their cholesterol (Simons, 2003).

In 2001, cerivastatin a synthetic statin was outgoing from the market
because of its side effects (Shah et al., 2015).

2-1-2: Mechanism of action

Statins act by competitively blocking the active site of HMG-CoA
reductase which considered the first and key rate-limiting in the pathway
of mevalonate. Thus inhibiting this step leads to prevent the conversion
of HMG-CoA into tmevalonic acid, then reduces the hepatic synthesis of
cholesterol, causing an increase in the production of microsomal HMG-
CoA reductase. This elevation of this enzyme increased the expression of
LDL receptors genes in cell surface, thereby increased the clearance of
LDL-c from the blood circulating and consequently reduction in the level
of LDL-c by 20-55% in circulating (El-Nabarawi et al., 2017; Kluger et
al., 2019).

2-1-3: Structural characteristics of statins

The active unit of statins is a 3, 5-dihydroxyglutaric acid, which is
structurally analogous to the HMG-CoA substrate. This active site
bounds to HMG-CoA reductase and inhibit its activity in a stereosective

way. Statins are different from each other in their molecular and clinical



properties which arise from the ring that attached to the active moiety
(Ward et al., 2019).

2-1-4: Types of statins

Statins can be classified as lipophilic or hydrophilic based on their
potency to dissolve in water or in fat. The mainly lipophilic statins
(simvastatin, fluvastatin, pitavastatin, lovastatin and atorvastatin) have
ability to enter the cells easily, whereas the hydrophilic statins
(rosuvastatin and pravastatins) are more hepatoselectivity (Mueller et al.,
2021; Climent et al., 2021).

Table 1: Classification of statins according to the chemical reaction

Lipophilic statin Hydrophilic statin

Simvastatin

Fluvastatin )
) Rosuvastatin
Atorvastatin )
. Pravastatin
Lovastatin

Pitavastatin

2-1-5: Atorvastatin

Atorvastatin is a synthetic drug, and has half-life 14 hours (Ahmadi
et al., 2020). Atorvastatin has a various trade names: Arkas®, Ator®,

Atoris®, Lipitor®, Torvast® and Totalip®.

OH OH O
OH

Figure 1: Structure of Atorvastatin (Ruan et al., 2012)



It is a lipophilic statin, most lipophilic substances are metabolized

and converted to more polar metabolites (Climent et al., 2021).

Name: Lipitor® atorvastatin (as calcium) 10mg, 20mg, 40mg and
80mg tablets. Lipitor contains the active ingredient atorvastatin calcium.
The molecular formula (Cs3HasF N,Os) Ca.3H20. It is white to off white

crystalline powder.

Atorvastatin is a synthetic agent which is used for lowering
cholesterol levels in plasma. Atorvastatin inhibits the synthesis of
cholesterol in the liver by increasing receptors of LDL. Atorvastatin is
quickly absorbed after taken it orally, its optimum plasma concentration
(1-2) hours. It is metabolized by CYP3A4 (Climent et al., 2021).

2-1-6: Rosuvastatin

Rosuvastatin is a synthetic drug (Monjo et al., 2010). It has different
trade names including: Colcardiol®, Colfri®, Crativ®, Crestor®, Dilivas®,
Exorta®, Koleros®, Lipidover®, Miastina®, Provisacor®, Rosastin®,

Simestat® and Staros®.

H H O
N~ X = OH
I SN
o
F

Figure 2: Structure of Rosuvastatin (Ruan et al., 2012)



Rosuvastatin is a hydrophilic statin. It has some pharmacologic
properties as hepatic selectivity and enhanced the inhibition of HMG-
CoA reductase (Monjo et al., 2010).

Rosuvastatin is very similar to structure of atorvastatin. It has (about
20%) bioavailability and it has 18-19h half-life this makes it having
longer plasma half-life than other types of statin. Also rosuvastatin has
minimal metabolism through CYP system, this property makes it in less
interaction with other medicines (Kostapanos et al., 2010; Ahmadi et al.,
2020).

Rosuvastatin is not significantly metabolized by CYP2C9 enzymes
(Bhattacharyya et al., 2012). The dosages 10mg and 80mg of rosuvastatin
have a good lowering activity of LDL (low density lipoprotein) compared
to 10mg and 80mg of atorvastatin. Also, this drug can elevate high
density lipoprotein (HDL) 8% to 12% and can lower triacylglycerol 10%
to 35%. Rosuvastatin is a hydrophilic agent with less penetration in the
extrahepatic cells, rosuvastatin has less potential for cytochrome P450
drug interactions. Because the differences in the polarity of statins and
bone bioavailability the individual effects of these drugs may be varied
(Mancini et al., 2013; Climent et al., 2021).

2-1-7: Effect of statins on bone

The action of statins in reducing the intracellular cholesterol, they
also reduce other products of the mevalonate pathway, including the
isoprenoids farnesyl diphosphate and geranylgeranyl diphosphate.
Farnesyl diphosphate and geranyl geranyl diphosphate are attached to the
carboxy terminal of small GTP-binding proteins to produce prenylated
proteins. The process of prenylation is necessary for the membrane

localization and function of this type of proteins. The prenylation protein



including Rac and Rho are pivotal in mediating the cytoskeletal changes
started by growth factors and integrins, leading to membrane ruffling, and
resulting in the activation of cells as macrophages and osteoclast as
shown (Ruan et al., 2012; El-Nabarawi et al., 2017; Sheridan et al.,
2022).

Acetyl CoA

v

3-Hydroxy-3-methylglutarly CoA

StatinSill--=-=-~7--=- I¢HMG-COA Reductase

Mevalonate
Geranyl-PP
Bisphosphonates k “““““““ |¢Farnesyi—PP synthase
AKUPI3K FarneTyI-PP
pathway v, + * V
Gerany|gerany|_PP Dolichols Ubiquinone Squalene
Post-translational Electron Cholesterol
modification of  transport chain
growth factor
ieepiors Cell membrane and
steroid synthesis
(—{ Protein prenylation }—1
—> VEGF? BMP-2 ¢ IL-6 |
v v

EPC/EC MSC/OB oc
Angiogenesis A2 .
==K | | 0% i

““““““ Anti-
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Figure 3: Biochemical Effects of Statins in Mevalonate Pathway
(Shah et al., 2015)



10

Some studies observed the stimulation of protein called bone
morphogenetic protein-2 (BMP-2) through the action of statins, so statins
may have useful effects in osteoporosis and fractures treatment and have
both the anabolic and antiresorptive effects like differentiation of
osteoblasts and reduction osteoclasts numbers (Monjo et al., 2010; An et
al., 2017; Morse et al., 2018).

On other hand, several studies suggested, that statin may increase
bone mineral density (Ferreira Junior et al., 2018; Antonenko et al.,
2021).

A beneficial effects noticed in some patients how used statins for
treatment  hypercholesterolemia from these effects preventing
osteoporosis (Shah et al., 2015; Hong et al., 2020).

Some clinical studies pointed, that patients who used statin drugs for
the treatment of hypercholesterolemia, perhaps a beneficial effects
appeared in preventing of osteoporosis in these patients (Shah et al.,
2015; Hong et al., 2020).

In a study of Shahrezaee et al., (2018) they showed that simvastatin
and lovastatin significantly elevated serum calcium, osteogenic gene

expression, and bone mineral density (BMD) in rats.
2-2: Bone

Bone is a special connective tissue made up of water 80%, protein,
fat, non-collagenous protein and minerals, most of the minerals are
calcium salts, hydroxyapatite crystal, Ca;, (Pos)s (OH), and contain
osteoid matrix (Pikner, 2016; Kenkre and Bassett, 2018). The bone
minerals considered a major storage of calcium and phosphate that
necessary for homeostasis and enhance the skeleton (Clarke, 2008;
Boskey and Robey, 2019).
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The major protein in the organic matrix is collagen, but
glycosaminoglycans, also glycoproteins considered the non-collagen
molecules that comprise about 10% of the organic matrix. Type 1
collagen constitutes 80-90% of the collagen, there are another types of
collagen including (type 3, 5, 11, and 13). Collagen made up the structure
of matrix (Fonseca et al., 2014; Garnero, 2015; Daneault et al., 2017).

Proteoglycans such as chondroitin sulfate and proteoglycan,
glycoproteins such as alkaline phosphatase and osteonectin, glycoproteins
that contain arginine, glycine aspargin such as osteopontin and
sialoprotein and carboxylated proteins, all considered non-collagen
proteins (Morgan et al., 2015; Bailey et al., 2017).

Articular cartilage

Diaphysis —{ “{

Metaphysis —

Distal
epiphysis

Figure 4: Anatomy of the Long Bone (Biga et al., 2019)
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There are two types of bones that comprising the skeleton: (Pikner, 2016;
Biga et al., 2019).

1. Cortical bone: it is very strong, but light weight, therefore, it
undertakes mechanical functions. It makes about 80% of bone
mass, cortical bone is the main constituent of the long bones. The
remodeling activity of cortical bone is 10 times lower than the
trabecular bone, mineralization about up 90%.

2. Trabecular bone: consists of plentiful cross-hair connections called
trabeculae. It makes up 20% of bone mass, and its mineralization is

about 5-20%.
2-2-1: Functions of bones

Bones have three important functions: (Ris te li et al.,, 2015;
Konukoglu, 2019).

1. Maintain the shape of the body.

2. Protection of vital organs (heart, brain, lungs).

3. Production of cellular part of the blood (RBCs, WBCs, and
platelets).

4, Serve a reservoir for calcium, phosphate and other minerals.

2-2-2: Types of bone cells and functions

Bone is metabolically active tissue, which is permanently

remodeled.
There are three types of cells:

1. Osteoblasts: this type of cells is responsible for bone formation,
they synthesize new bone matrix, proteins, growth factors and
cytokines in the bone. Receptors for vitamin D, estrogen and

parathyroid hormone are on the surface of these cells. Plasma
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membrane of osteoblasts contains alkaline phosphatase (Pikner,
2016; Konukoglu, 2019).

2. Osteoclasts: this type of cells is responsible for bone resorption,
they have multiple nucleus, and have an apical membrane which
acts as a site for resorption of bone. The receptors of calcitonin are
found in osteoclast membrane, therefore, calcitonin inhibited by
osteoclast activity (Pikner, 2016; Konukoglu, 2019).

3. Osteocytes: these cells are type of osteoblasts, they found
abundantly in the bone, they keep the bone tissue in active state.
Osteocytes evolve from osteoblasts and have a role in bone matrix
formation (Pikner, 2016; Konukoglu, 2019).

The function of osteoblasts is to set a new bone, but before that they
initiate resorping the bone by osteoclasts, which dissolve the protein
networks by using acid and enzymes, then osteoblasts start formation of
bone through adding some compounds which assist construct a new bone
as shown in Fig. 5 (Ris te li et al., 2015; Pikner, 2016; Konukoglu, 2019;
Biga et al., 2019).

Bone
trabecula

Osteoblastis—

lay down osieoid;
calcification
occurs outward
from old bone/
osteoid interface

Osteoclastis
(resorption)

Bone marrow

Figure 5: Bone Remodeling (Gaw et al., 2013a)
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2-2-3: Bone remodeling

Bone is constantly undergoing, metabolic process, breakdown and

reformed called bone remodeling or bone turnover.

(Varela and Jolette, 2018; Kenkre and Bassett, 2018).
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Figure 6: lllustration of Bone Turnover (Varela and Jolette, 2018)

In fact, this process is maintained by a coupled balance between
bone formation that mediated by the action of osteoblasts and bone
resorption of old or injured bone that mediated by the action of
osteoclasts (Matsuoka et al., 2014; Lee et al., 2020).

At the physiological conditions, these two processes are in stable
state. The unbalance between these process leads to abnormal
architecture or function and causes diseases such as osteoporosis (Zaidi,
2007).

The old and damaged bone is replaced in bone remodeling cycle,
this process is necessary for bone preservation and maintaining the

homeostasis of minerals (Pikner, 2016).

Remodeling process is regulated by the following: (Pikner, 2016).
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1- Hormones: like parathormone (PTH), calcitonin, thyroid hormones,

cortisol and calcitriol.

2- Locally acting cytokines: sclerostin, and bone morphogenetic proteins
(BMPs).

3- Minerals: calcium, magnesium and zinc.
4- Vitamins: K, C, B6 and A.

The osteoclastic resorption process is tightly coupled with
osteoblastic formation during bone remodeling. Bone remodeling occurs
continuously in order to repair damage in the skeleton and prevent the
accumulation the fragile hyper-mineralized bone through releasing stores
of calcium and phosphate, small locations of bone are resorbed by the
action of osteoclasts then replaced by osteoblasts (Kenkre and Bassett,
2018).

2-3: Estrogen

Estrogens are steroidal compounds derived from cholesterol
(Emmanuelle et al., 2021). Naturally synthesized estrogens are carbon-18
compounds (Gulati, 2018). Estrogens are hormones capable of producing
certain biological effects. The naturally occurring estrogens in humans
are; [(-Estradiol, Estrone, and Estriol. All the three pituitary
gonadotropins FSH, LH and LTH are involved in stimulation of estrogen
Estrogens are also formed in the adrenal cortex, placenta and testes in
small amounts. The principle estrogenic hormone in circulation and the
most active form of the estrogen is B-Estradiol, which is in metabolic
equilibrium with estrone. Estrogens are produced by graffian follicles in
the ovary (Chatterjea and Shinde, 2021).
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Estrogen is involved in both female and male reproductive, also play
a role in other biological system as neuroendocrine, vascular, skeletal and
immune systems, therefore it is implicated in several diseases and some
conditions such as infertility, obesity, osteoporosis and some types of

cancers (Hamilton et al., 2017).

Menopause is a natural physiological phenomenon resulting from
primary ovarian failure secondary to apoptosis or programmed cell death.
Ovarian function declines with age. The onset of menopause features the
decreasing production of estradiol, as well as increasing levels of follicle-
stimulating hormone (FSH). At menopause the normal bone turnover
cycle is impaired by estrogen deficiency. This may be due to the presence
of estrogen receptors in osteoclast progenitor cells and multi-nucleated
osteoclasts. The osteoclastic resorption activity increases while the
osteoblastic activity decreases. As a result, the amount of bone resorbed
exceeds the amount deposited, which leads to a net loss of bone. The
increase of overall bone resorption is due to a weakened inhibition effect
due to the reduction of available estrogen on both osteoclastogenesis and
osteoclast activity (Ji and Yu, 2015).

Estrogen binds with estrogen receptor to promote the expression of
osteoprotegerin (OPG), and to suppress the action of nuclear factor-kf3
ligand (RANKL), thus inhibiting osteoclast formation and bone
resorptive activity. It can also activate Wnt/B-catenin signaling to
increase osteogenesis, and upregulate BMP signaling to promote
mesenchymal stem cell differentiation from pre-osteoblasts to
osteoblasts, rather than adipocytes. The lack of estrogen will alter the
expression of estrogen target genes, increasing the secretion of IL-1, IL-6,
and tumor necrosis factor (TNF) (Cheng et al., 2022).
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Many factors affect bone development and architecture, with
endogenous estrogen being a major component in evolution of bone.
Since the major cause of osteoporosis in menopause is the loss of bone

due to estrogen deficiency (Levin et al., 2018).

Estrogen plays an essential role in skeletal growth and bone
homeostasis in both men and women. Increased bone turnover during
lactational amenorrhoea is one of the finest examples of modulating
tissue compositions during reproduction. The associated hypo-estrogenic
state tips the balance in favor of osteoclastic activity to enrich breast milk
with calcium. When menstruation is resumed with rising estrogen levels,
osteoclasts are suppressed, allowing osteoblasts to rebuild the skeleton in

preparation for the next pregnancy (Al-Azzawi, 2013).

Estrogens have antioxidant properties which are due to their ability
to bind to estrogen receptors and to upregulate the expression of
antioxidant enzymes via intracellular signalling pathways (Borras et al.,
2010). Oxidative stress is higher in postmenopausal women, suggesting
that antioxidant status may be related to estrogen deficit, this is due to the
action of estrogens which upregulate nuclear gene expression of

antioxidant enzymes (Bellanti et al., 2013).

2-4: Osteoporosis

Osteoporosis is a bone disorder with remarkable changes in bone
biologic material (EI-Nabarawi et al., 2017; Abraham and Abraham,
2018).

Osteoporosis is a disease characterized by low bone mass and
deterioration of the architecture of bone tissue. Hormonal changes, aging

and lack nutritional status and several diseases considered the significant
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risk factors (Gaw et al., 2013a; Mustafa et al., 2018; Watanabe et al.,
2019).

Healthy bone Osteoporotic bone

Fracture

v"""
A% i‘ i)

Mucroarchrteclural
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Figure 7: Healthy & Osteoporotic Bone (Salamanna et al., 2020)
The areas of cortical bones become more thin and trabecular bones
become small, through life, bone shows a progressive loss in both sexes,

but loss of bone in women is more quickly (Ris te li et al., 2015).

The most of osteoporosis cases occur in women after menopause,
since estrogen deficiency that related to rapidly resorption of bone
(Mirkin and Pickar, 2013). Also, osteoporosis considered as a global
public health, in addition the medical cost of treating this condition and
the related fractures, and remarkable reduction in life quality (Wong et
al., 2020).

Osteoporosis is not reported thus far in large animals (farm animals).
This may be due to the poor diagnosis, where animals do not receive
regular check in this context. In horses, it has been recorded that they
may have a loss of bone mass to a certain degree to develop osteoporosis;
however, general osteoporosis in horses is rather rare compared to the
localized type. Canine and feline species do not show clear signs of

osteoporosis although arithritis in these species is a common syndrome.
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However, some cases of osteoporotic cases have been reported in pets
(Project, 2017).

In addition, lab animals have intensively been used as models to
study osteoporosis. The best model, which mimics that of human is rat
which exhibits ideal bone loss (Bonjour et al., 1999). Therefore, this
study relied on rats as a biological model to investigate the effects of
statins. Other models such as mice and rabbits have also been used.
Furthermore, monkeys have also been subjected to the investigations in
terms of characterizing and treating of osteoporosis (Renwald and Burr,
2008).

2-4-1: Ovariectomized rats as a model of Osteoporosis

The study of post-menopaused osteoporosis is difficult because it is
restricted to humans, therefore animal model which mimics of
postmenopausal osteoporotic women may give information about
potential therapy and aid in the treatment. Animal models play an
important role for understanding of osteoporosis, since clinical studies are

so expensive and highly cost (Khajuria et al., 2012).

Ovariectomized (ovx) rats are female rats, whose ovaries have been
removed, and they represent the stage of osteoporosis in humans and
estrogen deficiency. Ovx rat model is widely used for studying the
prevention and treatment of osteoporosis. Rats are currently the most
model of osteoporosis were used because they are easy to house and
growing rapidly. The bone of rats are identical to those in humans, it
dynamic tissue, it formed and reconstructed through bone life
(Yousefzadeh et al., 2020).
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2-5: Biochemical markers of bone remodeling

Bone markers are blood or urine tests that detect the bone turnover
products. There are several conditions and some diseases can give rise to
the imbalance between bone formation and bone resorption. So bone
turnover markers can be useful in the monitoring of the clinical responses
for therapies of osteoporosis, also for predicting fracture risks. The
biomarkers of bones are useful to detect bone loss and determine the bone
loss rate. The markers of bone turnover can be used for monitor the
responding for anti-resorption therapies and some bone disease as
osteoporosis, rickets, osteomalacia and Paget disease. Blood or urine
bone markers represent the accumulated results of the modeling and

remodeling in all bone sites (Konukoglu, 2019).

The type 1 collagen is comprised 90% of bone organic matrix.
Through the resorption process, the carboxy peptide and amino
procollagen are released to blood stream, so the biochemical bone
markers can determine these molecules which generated during both

formation and resorption of bone matrix (Romero Barco, et al., 2012).

Biochemical markers of bone turnover can be classified as the

following:
Biochemical markers of bone formation:

Alkaline phosphate (ALP).

Serum bone-specific ALP.

Osteocalcin reflects its rate synthesis by osteoblasts.
Procollagen type 1 C-terminal propeptide (P1CP).

AN R A o

Procollagen type 1 N-terminal propeptide (P1NP).
P1CP and P1NP reflect changes in synthesis of new collagen. Type

1 collagen is produced as a precursor called type 1 procollagen, which
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contain two ends carboxy terminal and amino terminal, these C-terminal
and N-terminal called PICP (procollagen type 1 C-terminal propeptide)
and PINP (procollagen type 1 N-terminal propeptide). During formation
of collagen from procollagen, these propeptides (PICP and PINP) are
removed from procollagen by the action of two enzymes, laying aside on
the collagen molecules in bone (Ris te li et al., 2015), so PICP and PINP
are released in the circulation during collagen synthesis, and PINP is used
as a marker for osteoporosis studies, it is increase after treatment of
osteoporosis, PICP and PINP can be detected in serum and they
considered markers of new bone formation (Pikner,2016; Konukoglu,
2019).

Biochemical markers of bone resorption: (Ris te li et al., 2015).

1. C-telopeptide (C-terminal telopeptide of type 1 collagen (CTx)) it
is a peptide fragment from the carboxy terminal end of protein
matrix.

2. N-telopeptide (N-terminal telopeptide of type 1 collagen (NTX)) it
is a peptide fragment from the amino terminal end of the protein
matrix.

3. Tartrate-resistant acid phosphatase (TRAP) is the version of acid

phosphatase produced by osteoclasts.

2-5-1: Alkaline phosphatase

Alkaline phosphatase (ALP) (E.C.3.1.3.1) belongs to a group of
enzymes that catalyzes the hydrolysis of a wide variety of naturally
occurring substrates (Ris te li et al., 2015). It plays a critical role in the
hard tissue formation, and favorite mineralization, also decrease the
concentration of pyrophosphate an inhibitor of formation of mineral
(Vimalraj, 2020).



22

There are various isoforms for ALP, including liver, bone, placenta
and kidney. Bone and liver isoforms have same gene (Romero Barco et
al., 2012).

Clinically the determination of serum ALP has a value in the
diagnosis of liver disease and bone disease that is associated with

elevated osteoblasts activity (Johnson-Davis, 2018).

The bone isoenzyme is very specific for activity of osteoblasts, this
isoenzyme bound to cell membrane so it provides a specific indication for
bone formation and elevation of bone alkaline phosphatase levels in
circulation correlated with bone formation rate (Hlaing and Compston,
2014).

Bone ALP (produced by osteoblasts), hydrolyzes inorganic
pyrophosphate (ppi), during bone mineralization, and serum ALP is one
of the biomarker of bone formation secondary to bone turnover elevation
(Nagareddy and Lakshmana, 2006; Ris te li et al., 2015; Grigoryan et al.,
2017).

2-5-2: Osteocalcin

Osteocalcin is the most abundant non-collagenous protein, formed
by osteoblasts in the extracellular matrix and some of osteocalcin enters
circulation (Romero Barco et al., 2012). Osteocalcin synthesized by
osteoblasts and its carboxylation is dependent on vitamin K (Pikner,
2016).

Osteocalcin is a calcium-binding peptide and it is a small protein
seen only in bone, it consists of 49 amino acid that binds to
hydroxyapatite crystals of bone, it is increased in condition of bone

turnover elevation (Romero Barco et al., 2012). Also, osteocalcin in bone
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tissue has affinity to calcium ions and has a role in mineralization of bone
matrix (Pikner, 2016).

Osteocalcin is removed by the kidneys and it has a half-life about 5
minutes, osteocalcin concentration changes in cases of bone turnover.
Osteocalcin contains 3 glutamyl residues, it is incorporated in matrix of
bone also it released from matrix during resorption of bone (Ris te li et
al., 2015).

The serum level of the osteocalcin reflects the bone formation rate,
therefore it is considered as an important indicator for osteoblasts
function (Karsenty, 2017).

Two forms of osteocalcin are found, carboxylate osteocalcin and the
non-carboxylate osteocalcin, the later form breakdown more rapidly (Vlot
et al., 2018).

2-5-3: N-telopeptide of type 1 collagen

N-telopeptide (N-terminal telopeptide of type 1 collagen (NTX)) is
one of the telopeptides of type 1 collagen. It is released during collagen
degradation of collagen, it can be used as a marker for bone resorption
(Vasikaran et al., 2011). Proteolytic enzymes of osteoclasts are degraded
the type 1 collagen, and the most proteolytic enzyme is cathepsin K, this
enzyme cleaves fiber collagen into different fragments that detected in
the circulation as N-terminal cross-linking telopeptide of type 1 collagen
(NTx) or C-terminal cross-linking telopeptide (CTx) (Pikner, 2016).

NTx is a peptide fragment from the amino terminal end of the
protein matrix (Romero Barco et al., 2012; Stock, 2015). Serum NTx has
been elevated in postmenopausal women (Romero Barco et al., 2012). It
has been suggested that NTx is a bone resorption marker and elevated in

bone metastasis and postmenopausal women (Vasikaran et al., 2011).
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2-5-4: Vitamin D

Vitamin D is a prohormone which is essential for calcium
homeostasis, it is formed by ultraviolet-B (UVB) irradiation on the skin.
7-dehydrocholesterol is the substrate that produced vitamin D. vitamin D
is produced by 7-dehydrocholesterol an intermediate in the cholesterol
synthesis pathway. It is converted to 25-hydroxy vitamin D [25(0OH) D]
in the liver, then it is converted to 1,25-dihydroxy vitamin D [1,25 (OH),
D] in the kidney, that is the active form (Duchow et al., 2021).

Skin Liver Kidney
7-Dehydrocholesterol Vitamin D3 25(0OH)Vitamin D
hu 25-Hydroxylase 1a-Hydroxylase
Vitamin D3 25(0OH)Vitamin D 1,25(0OH), Vitamin D

(active metabolite)
Tissue-specific vitamin D responses

Figure (8: Vitamin D3 Metabolism (Abraham and Abraham, 2018)

2-5-4-1: Biochemical effects of vitamin D

The biochemical effects of vitamin D are (Abraham and Abraham,
2018):

1. It promotes calcium and phosphorus absorption from the intestine.
2. It is effect on bones through the stimulation of osteoblasts which
secrete the enzyme ALP this caused an increase in the phosphate

concentration, with calcium ion all this lead to mineralization.
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Serum 25(0OH) vitamin D is the most circulating metabolites of
vitamin D and it is reflects the inputs from synthesis and dietary intake
(Pennisi et al., 2019).

Vitamin D deficiency considered one of the factors that affect
remodeling of bone mass and maintenance the mineralization of bone
(Marini et al., 2022).

Vitamin D plays a role in an increasing bone mass and preventing
loss of bone (Park, 2019).

There is a suggestion that statins may impair vitamin D state that in
turn can increase the risk of several types of cancers and chronic diseases
(Mazidi et al., 2017). Some studies showed that rosuvastatin and
atorvastatin only but not fluvastatin can increase the level of 25(0OH),D3
in the circulation (Yavuz et al., 2009; Ertugrul et al., 2011). Although
some studies showed that statins do not impair levels of vitamin D
(Rejnmark et al., 2010; Mazidi et al., 2016).

2-5-5: Calcium

Calcium is the most important mineral in the bones. Calcium
considered as biomarker to control bone metabolism (Mohamed et al.,
2021).About 1-1.5kg of calcium found in the human body, 99% of it
exists in the bone, and 1% in the extracellular fluid. Bone considered the

reservoir for calcium (Vasudevan et al., 2011).

Calcium has a significant role in protection from osteoporosis
(Mustafa et al., 2018). Calcium and phosphorus concentrations are
regulated by 1,25(0OH),D3 (Ris te li et al., 2015; Song, 2017).



26

When calcium level decreases in the blood, parathyroid glands
secrete PTH hormone, this hormone cause bone tissue decompose by

osteoclasts, so lead to relase of calcium into blood stream (Mistler, 2018).

The optimal excitability of neuronal and muscular tissue, as well as
the coordinated operation of many organ systems in the human body
depends on the maintenance of a steady serum calcium level. Calcium
levels are important for nerve impulse transmission, contraction, blood
clotting, hormone secretion and intercellular adhesion (Abraham and
Abraham, 2018).

Calcium level is regulated by three major organs, bone, kidney and
intestine through the action of the following hormones, parathyroid
hormone (PTH), vitamin D (calcitriol or cholecalciferol) and calcitonin.
Since PTH hormones stimulates calcium mobilization from the bone by
osteoclast stimulation, the osteoclast activity leads to bone
demineralization, so calcium uptake by bone reduce, this causes increased
calcium level in the blood. The effect of PTH in kidney occurs by
increasing calcium reabsorption and decreasing excretion. PTH also
indirectly effect on the intestine through calcitriol formation, since PTH
enhances calcitriol production, which increases calcium absorption from
the intestine. Thus, the overall action of PTH also calcitriol elevated
calcium level in blood. In contrast, calcitonin is secreted when serum
calcium level increases, calcitonin in this case inhibits the mobilization of
calcium from the bones and increase calcification of bone by the
stimulation of osteoblast activities, and also calcitonin enhances the
calcium excretion by kidney, so decreases calcium level, as shown in Fig
9 (Naik, 2012) .
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Figure 9: Regulation of Plasma Calcium where, 25-HCC: 25-
Hydroxycholecalciferol (Naik, 2012)

2-5-6: Phosphorus

Phosphorus is an essential mineral for bones and teeth development.
Adult body contains nearly 1kg of phosphate and it is found in each cell
of body. About 80% of phosphorus occurs in bones with combination
with calcium. Phosphate in serum exist in three forms, (40%) as free ions,
(50%) combined with Ca**, Mg®*, Na* and K*, and (10%) of phosphate
bound with proteins (Satyanarayana and Chakrapani, 2013).

Factors that causes hypophosphatemia are hyperparathyroidism and
deficiency of vitamin D (Song, 2017; Pickering et al., 2022). Phosphate
homeostasis is controlled by parathyroid hormone (PTH), 1,25(0OH),D3
and the fibroblast growth factor 23 (FGF-23).
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2-5-7: Magnesium

Magnesium ions are the most abundant cations in the cell. There are
about 300 enzymes activated by magnesium. Magnesium influences PTH
secretion by parathyroid gland and hypomagnesaemia may leads to

hypoparathyroidism (Gaw et al., 2013b).

Similar to calcium magnesium found in bone 50%-60%. Magnesium
plays a role in hormone signaling, and regulating the intracellular calcium

concentration (Dent and Selvaratnam, 2022).



Chapter Three

Materials and Methods

3-1: Instruments

Table 2: list of instruments used in the experiments

instrument origin
Centrifuge GIMA/ Italy
Electrical Balance aeADAM/ UK
Muffle Furnace Stuart/ UK
Microplate Reader Biotek/ USA
Microplate Washer BioTek/ USA
Incubator Jrad/ Germany
Electronic Scale SF-400C/ China
Spectrophotometer 721-VIS/ China
Biotech
Spectrophotometer UV-9200 Engineering
Management/ UK
Microtome Certified Coasco/
India
Abbott/Architect system chemistry Architect /
analyzer Germany
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3-2: Chemicals

Table 3: list of chemicals used in the experiments

chemical origin
Atorvastatin (Lipodar®) Dar aldawa/Jordan
Rosuvastatin (Crestor®) AstraZeneca/UK
Ketamine hydrochloride 5% Germany
xylazine 2% Interchemie
(Netherlands)
Wounds Spray OTC Jordan
Povidine iodine France
Silk 2/0 China
Vicryl 2/0 China

3-3: Statins dose preparation

The tablet (20 mg of statins) was crushed and ground by a morter,
weighed and dissolved in 5 ml of distilled water to obtain the required

concentration.
3-4: Laboratory animals

Forty adult female albino rats aged (2.5 — 3 months), weighing (200
— 220 g) were obtained from the laboratory animals house of the College
of Veterinary Medicine, University of Mosul, they were housed and kept
in controlled conditions of (22 + 2°C), (12h-12h light/dark) cycles.
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All animals received a commercially available feed and water
through the study, water in polyethylene bottle was available as drinking

water.
3-5: Experimental design

After one week of adaptation, 10 rats were sham operated, 30 rats

were ovariectomized (ovx) and divided as the following:

Group 1: Sham: It consisted of 10 rats which underwent a dummy
surgical intervention, where only a piece of fat around the ovaries were
removed, without removing ovaries. They left 30 days after surgery
(Yousefzadeh, et al., 2020) and they were given distilled water through
the period of study.

Group 2: OVX: It consisted of 10 rats which underwent ovariectomy,
and left for 30 days after surgery (Yousefzadeh, et al., 2020), they served
as a model of osteoporosis, they given distilled water through period of

study.

Group 3: It consisted of 10 rats which underwent ovariectomy, and left
for 30 days after surgery (Yousefzadeh, et al., 2020), then orally gavaged
at a dose of 20 mg/kg/day (Shahrezaee, et al., 2018) atorvastatin
(Lipodar®/dar aldawa/Jorden) for 60 days (Shahrezaee, et al., 2018).

Group 4: It consisted of 10 rats which underwent ovariectomy, and left
for 30 days after surgery, then orally gavaged at a dose of 20 mg/kg/day
(Wang, et al., 2019) rosuvastatin (Crestor®/AstraZeneca/UK) for 60 days
(Shahrezaee, et al., 2018).
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3-6: Ovariectomy

A mixture of 7.5 mg/kg of xylazine 2% and 75 mg/kg of ketamine
hydrochloride 10% was given intraperitoneally to rats for anesthesia
(Shahzamani et al., 2021), and the failure of the wink reflex and the lack
reaction to pinching of the foot was used to evaluate the anesthesia
success, aseptic conditions were used to make a skin incision, hair was
removed from the abdominal area using a sharp blade and soap, the area
was disinfected with povidine iodine, the abdominal area was opened by
making a longitudinal incision down to the abdominal cavity, then the
ovaries were excised, followed by suturing of abdominal layers and skin
using (vicryl 2/0, silk 2/0) respectively by surgical threads then
disinfected with OTC (AL-Mamari, 2010).

In the sham group, the same procedure was performed, but the
ovaries were not removed. All rats were returned to their cages after a

complete recovery from anesthesia.
3-7: Blood collection

Blood samples were collected after 30 and 60 days from the retro-
orbital plexus (Fitzner Toft et al., 2006; Arnold and Langhans, 2010) of
all rats by using the capillary glass tubes, then put it in gel containing
tubes, left for clotting, then centrifuged at 3000 r/min for 15 minutes.
After that, serum samples were separated, placed in clean plastic tubes
(Eppendorf tubes) and kept at -18°C for biochemical analysis.
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3-8: Biochemical markers assessment

3-8-1: Determination of rat alkaline phosphatase activity
(ALP)

Rat alkaline phosphatase (ALP) activity in serum was determined
using the Sandwich-ELISA kit (Catalog No: E-EL-R1109, Elabscience

company).

The Sandwich-ELISA method is employed by this ELISA Kkit.
Standards or samples are added to the micro ELISA plate wells and
mixed with the relevant antibody, which has been pre-coated on the
micro ELISA plate included in this kit. After that, each microplate well
receives an addition of an Avidin-Horseradish Peroxidase (HRP)
combination and a biotinylated detection antibody specific for Rat ALPL.
Free parts are removed during washing. To each well, the substrate
solution is applied. There will only be blue coloration in the wells that
have Rat ALPL, biotinylated detection antibody, and Avidin-HRP
conjugate. The addition of stop solution stops the enzyme-substrate
reaction, and the color changes to yellow. At a wavelength of 450
nanometers, the optical density (OD) is measured spectrophotometrically
(Aydin, 2015).

3-8-2: Determination of rat N-telopeptide type I collagen
(NTX)

Rat N-telopeptide type I collagen (NTx) in serum was determined by
using the Sandwich-ELISA kit (Catalog No: E-EL-R0276, Elabscience
company). Method as explained in ALP activity.
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3-8-3: Determination of rat osteocalcin (OC)

Rat osteocalcin in serum was determined using the Sandwich-
ELISA kit (Catalog No: E-EL-R0243, Elabscience company). Method as
explained in ALP activity.

3-8-4: Determination of rat vitamin D3

Rat DHVD3 (1,25-Dihydroxyvitamin D3) in serum was determined
using the Sandwich-ELISA kit (Catalog No: E-EL-0016, Elabscience
company). Method as explained in ALP activity.

3-8-5: Determination of calcium in serum

Calcium in serum was determined spectrophotometrically by using
the diagnostic reagent kit (Biolabo, France) which includes reacting of o-
cresol phtalein complex (CPC) one with calcium to form a dark-read
colored complex which absorbance measured at 570nm (Ris te lie et al.,

2015).

Ca+2 +CPC Alkaline Ca-CPC
Medum  complex

Calculation

Calcium level was calculated in (mg/dl) in the sample according to
the following low:
Test — Blank

Conc. (mg/dl) x
(mg/dh) Standard

3-8-6: Determination of phosphorus in serum

Total serum phosphorus level (mg/dl), was estimated using Abbott
Architect System clinical chemistry analyzer (Abbott GmbH & Co. KG.
Max-Plank-Ring2, 65205-Wiesbaden, Germany) at 340nm wave length.
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Quality control measures were taken into consideration. That is, a fresh
pipette tip was used for each sample and both reagents 1 and 2 of the Kkit,

as well as estimation steps per the manufacture’s instruction in 7D71-

G96000R03-B7DS10 phosphorus reagent kit (Ris te lie et al., 2015).
3-9: Bone ashing

At the end of the study, after 60 days of treatment, 3 rats from each
group were sacrificed, then the right femur was taken, cleaned and soft
tissues around each femur were removed in order to convert it to ash. Ash
content of the bone represents the inorganic materials (minerals) that
remaining after the complete oxidation and ignition of the organic
materials. To obtain ash, the right femur bones were weighted before
ashing, then heated in ceramic lid in a muffle apparatus (oven) at 600°C
for 18h (Lee et al., 2021).

After observing the ash, they weighed, solubilized with in 0.1M/L
HCI and then diluted with deionized water up to 100 ml (Nagareddy and
Lakshmana, 2006; Mustafa et al., 2018).

The final solutions were used to estimate calcium, phosphorus and

magnesium in bone ash.

3-9-1: Determination of calcium, phosphorus and

magnesium in bone ash

Calcium was determined in bone ash (preparing in previous
paragraph) by Ca-EDTA method.

This method called complexometric titration and it is used to
estimate calcium content in various solid materials. The principle of this
method based on the reaction of EDTA (Ethelene Diamine-Tetra Acetate)

with calcium ions to produce colorless complex (Bird et al., 1961).
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Inorganic phosphate was determined by the method that depends on
the reaction of inorganic phosphorous with molydic acid to form yellow
phosphomolybdic acid which reduced to give a blue color detected
spectrophotometrically (Association of official analytical chemists,
2000).

The percentage of magnesium in bone ash was estimated by
eriochromic black T method, which includes preparation of eriochrome
black dye, preparation the magnesium standard solution, buffer solution
9.6 and then read the absorbance at wavelength 520 nm against the blank.
The result was read by using standard curve (Al-Hashemi, 2007;

Association of official analytical chemists, 2000).
3-10: Histological examination

The rats were dissected and left femurs bone were cleaned from the
surrounding musculature and fixed with 10% formalin for 24h, followed
by decalcification by (10% nitric acid, 5% EDTA, and distilled water),
and then dehydrated in alcohol, then cleared in xylene and embedded in
paraffin and cut into longitudinal sections of S5pum (thickness) and stained
with hematoxylin and eosin for observation (Luna, 1968). The thickness
of trabecular bone was measured using the software of a microscope
camera in a micrometer as a mean of 5 measurements /field (100X) for 5

fields for each animal in the group.
3-11: Statistical analysis

The results were statistically analyzed by using the statistical sigma
plot version 12.5, all results were expressed as mean + standard error
(mean = SE). One-way analysis of variance (ANOVA) was used to find

any significant difference among the groups followed by Duncan’s
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multiple comparisons within probability at (P< 0.05) (EI-Nabarawi, et al.,
2017).



Chapter Four

Results
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4-1: Effect of ovariectomy on the body Weight of the female

rats

The results in table (4) show, there was no differences in body

weight (g) before ovariectomy in all groups. After 30 days of

ovariectomy the results showed a significant elevation in body weight of

all ovariectomized rats (30 rats) compared with G1 (sham group).

The results showed a significant elevation at (p< 0.05) in body

weight of G2 (ovx) and G3 (ovx + atorvastatin) and G4 (ovx +

rosuvastatin) after 60 days of treatment with statins compared with the

sham group. Body weight of all groups significantly increased at (p<

0.05) through the period of the experiment.

Table 4: Effect of ovariectomy on the body weight of the

female rats
Body weight (g)
Groups
) 30 days after 60 days after
Before ovariectomy )
ovarlectomy treatment

Sham 206.50 +2.23% | 22250 +2.28"* | 260.60 +4.20°"

oVX 206.40 +2.23% | 244.80+3.80°® | 287.60+3.80 B

OVX + Atorvastatin | 206.40 +2.20% | 244.30 +3.60°® | 284.20 + 3.48 B

OVX + Rosuvastatin | 206.22 + 2593 | 244.22 +3.39% | 203.78 +7.34 B

Each value represents the mean + SE, values superscripts with different capital letters represent
comparison in the column and small letters represent comparison in the row were significantly at P<

0.05.
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4-2: Effect of statins on serum rat ALP Activity after 30 and

60 days of treatment

The results in table (5) show, there was a significant elevation in
serum ALP activity in the ovx rats, in the ovx rats treated with
atorvastatin and ovx rats treated with rosuvastatin compared with the
sham group, and no significant differences in serum ALP activity
between ovx rats, ovx rats treated with atorvastatin and ovx rats that

treated with rosuvastatin after 30 days of treatment.

After 60 days of treatment with atorvastatin, a significant reduction
at (p< 0.05) in serum ALP activity was observed in comparison to the
ovx group. Also, the ovx rats that treated with rosuvastatin exhibited a
significant reduction at (p< 0.05) in serum ALP activity compared with

the ovx group.

Serum ALP activity in rats treated with rosuvastatin decreased, but
not significantly from ovx rats that treated with atorvastatin also there
was no differences in serum ALP activity between the ovx rats treated

with rosuvastatin and the sham group.

Table 5: Serum rat ALP activity after 30 and 60 days of

treatment with statins

ALP (ng/ml)
Groups
After 30 days After 60 days
Sham 9.18 +0.53" 11.64 +0.56 °
OVX 1277 +£1.10° 16.78 £0.39°
OV X+ Atorvastatin 12.15+0.65% 14.18 +0.65°
OVX + Rosuvastatin 11.55+0.54 % 12.76 +1.02 ™

Each value represents the mean + SE, values superscripts with different letters in the column were
significantly at P< 0.05.
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4-3: Effect of statins on serum rat NTx after 30 and 60 days

of treatment

Table (6) shows a significant elevation at (p< 0.05) in serum NTX in
the ovx rats, ovx rats treated with atorvastatin, and ovx rats with
rosuvastatin compared with the sham group after 30 days of treatment,
but there was no significant differences between the ovx rats, ovx rats
treated with atorvastatin and ovx rats treated with rosuvastatin in NTx
level after 30 days of treatment. Treatment with statins after 30 days of

treatment could not reduce NTx level.

The ovx group showed a significant rise in NTx level after 60 days
of treatment in comparison to the sham group. But treating the ovx rats
with atorvastatin also treatment with rosuvastatin showed a significant
reduction at (p< 0.05) in NTx levels after 60 days compared with the ovx
group. No differences in serum NTx levels between the ovx rats treated
by atorvastatin and ovx rats treated with rosuvastatin compared with the

sham group.

Table 6: Serum NTx after 30 and 60 days of treatment with

statins
NTx (ng/ml)
Groups

After 30 days After 60 days

Sham 476 +0.38°" 5.11 +0.39°

OVX 7.05+0.41°2 6.71+0.23°

OV X+ Atorvastatin 6.20 +0.30 2 519+051°

OVX + Rosuvastatin 6.35+0.19 2 512 +0.35°

Each value represents the mean *+ SE, values superscripts with different letters in the column were
significantly at P< 0.05.
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4-4: Effect of statins on serum rat OC after 30 and 60 days

of treatment

As shown in table (7), after 30 days of treatment the ovx rats showed
a significant elevation at (p< 0.05) in serum osteocalcin compared with
the sham group. Treatment with atorvastatin caused a non-significant
reduction in serum osteocalcin compared with the ovx group, but no
differences in osteocalcin levels between the ovx rats treated by

rosuvastatin, ovx rats and ovx rats treated with atorvastatin.

After 60 days of treatment, the results showed a significant increase
at (p< 0.05) in serum osteocalcin of the ovx rats compared with the sham
group. The treatment with atorvastatin has non-significant decrease in
serum osteocalcin when compared with the ovx rats, but the treatment of
the ovx rats with rosuvastatin for 60 days leads to a significant decrease
in serum osteocalcin in comparison to the ovx rats and ovx rats treated
with atorvastatin. Treatment with rosuvastatin could reduce the level of
the osteocalcin and reach its level of the sham group, because there were
no significant differences between the ovx rats treated with rosuvastatin

and the sham group in osteocalcin level.

Table 7: Serum OC after 30 and 60 days of treatment with
statins

OC (ng/ml)
Groups
After 30 days After 60 days
Sham 10.92 +0.52° 13.20 +0.72°
OVX 14.43 +0.94 ° 17.64 +0.87 °
OV X+ Atorvastatin 12.93+0.35%® 16.9 £ 0.40 °
OVX + Rosuvastatin 13.44+1.20° 13.57 +1.09°

Each value represents the mean *+ SE, values superscripts with different letters in the column were
significantly at P< 0.05.
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4-5: Effect of statins on serum vitamin D3 after 30 and 60

days of treatment

The results in table (8) show, that ovariectomy significantly reduce
at (p< 0.05) the level of 1,25(0OH), D3 when compared with the sham
group, also the treatment with atorvastatin and treatment with
rosuvastatin did not increase the level of 1,25(0OH), D3 when compared

with the ovx group after 30 days of treatment.

After 60 days of treatment serum 1,25(OH), D3 in the ovx rats still
low when compared with the sham group. Treatment of the ovx rats with
atorvastatin increased but not significantly serum 1,25(OH), D3 when
compared with ovx rats, but treating the ovx rats with rosuvastatin caused
a significant elevation at (p< 0.05) in serum 1,25(OH), D3 when
compared with the ovx rats. Also the results showed no significant
differences between the groups treated with atorvastatin with the group

that treated with rosuvastatin.

Table 8: Serum 1,25(OH), D3 after 30 and 60 days of

treatment with statins

Vit D3 (pg/ml)
Groups
After 30 days After 60 days
Sham 196.10 + 5.36 ° 223.70 + 4.52°
OVX 144.01 +7.50° 164.19 +4.62 ¢
OV X+ Atorvastatin 154.00 + 4.76 ° 177.24 +5.39 ™
OVX + Rosuvastatin 151.63 +5.64 " 192.65 + 6.59 °

Each value represents the mean + SE, values superscripts with different letters in the column were
significantly at P< 0.05.
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4-6: Effect of Statins on Serum Calcium Level after 30 and

60 days of treatment

The results in table (9) show, that ovariectomy, treatment with
atorvastatin and treatment with rosuvastatin did not affects the level of
serum calcium after 30 days of treatment, when compared with the sham
group. But after 60 days of treatment serum calcium significantly
elevated at (p< 0.05) in the ovx rats compared with the sham group.
Treatment of the ovx rats with atorvastatin caused a non-significant
reduction in serum calcium in comparison with the ovx rats, while
treatment of the ovx rats with rosuvastatin resulted in a significantly
reduction at (p< 0.05) in serum calcium compared with theovx rats. There
was a non-significant difference in serum calcium of the ovx rats that

treated with rosuvastatin with ovx rats that treated with atorvastatin.

Table 9: Serum calcium level after 30 and 60 days of

treatment with statins

Serum calcium (mg/dL)
Groups
After 30 days After 60 days
Sham 10.60+0.10° 10.90 +0.08 €
OVX 10.70+0.10° 1151 +0.11°
OVX + Atorvastatin 10.90 +0.20 11.28 +0.10 ™
OVX + Rosuvastatin 10.60 +£0.20 11.19 £0.09°

Each value represents the mean = SE, values superscripts with different letters in the column were

significantly at P< 0.05.
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4-7: Effect of statins on serum phosphorus level after 30 and

60 days of treatment

The results in the table (10) show, there was no significant
differences in serum phosphorus among all studied groups after 30 days
of treatment. A significant increase at (p< 0.05) in serum phosphorus of
the ovx rats was observed after 60 days of treatment, and treatment the
ovx rats with atorvastatin did not reduce this elevation in phosphorus
level. But the treatment of ovx rats with rosuvastatin reduce the level of
serum phosphorus but not significantly, although there were a non-
significant differences in serum phosphorus between the ovx rats treated

with rosuvastatin and the sham group.

Table 10: Serum phosphorus after 30 and 60 days of

treatment with statins

Serum phosphorus (mg/dL)
Groups
After 30 days After 60 days
Sham 5.70 +0.20 ® 4.15 £0.42°
OVX 6.10+0.17 ° 574 £0.13°
OVX + Atorvastatin 6.10 £0.30° 5.30 £0.27°
OVX + Rosuvastatin 6.00 +0.20 ® 475 £0.24 ™

Each value represents the mean + SE, values superscripts with different letters in the column were
significantly at P< 0.05.

4-8: Effect of statins on the bone ash weight after 60 days of

treatment

The weight of the right femur bone ash of the ovx rats at the end of
experiment was significantly reduced at (p< 0.05) compared with the
weight of the bone ash of the sham group, this refers to reduce bone

mass. Treatment of the ovx rats with atorvastatin leads to non-significant
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elevation in the weight of the bone ash compared with the bone ash
weight of the ovx rats. But treatment of the ovx rats with rosuvastatin
caused a significant elevation in the bone ash weight in comparison to the

bone ash weight of the ovx rats.

There was non-significant reduction in the weight of the bone ash of
the ovx rats treated with rosuvastatin compared with the weight of the
bone ash in the sham group, as shown in table (11). As well as, there
were no significant differences between the ovx rats treated with

atorvastatin and ovx rats treated with rosuvastatin in the weight bone ash.

Table 11: Weight of the bone ash after 60 days of treatment

with statins
Groups Bone ash weight (g)
Sham 0.24 +0.01 2
OVX 0.19+0.00°¢
Atorvastatin 0.21 £0.00 ™
Rosuvastatin 0.22 +0.00

Each value represents the mean = SE, values superscripts with different letters were significantly at P<
0.05.

4-9: Effect of statins on Ca, P, and Mg percentage in bone

ash after 60 days of treatment

The results in table (12) refer to the percentage of calcium,
phosphorus and magnesium in the bone ash content of all studied groups.
Ovariectomy caused a significant reduction at (p< 0.05) in calcium,
phosphorus and magnesium in the bone ash when compared with the
bone ash of the sham group. Calcium and phosphorus content in the bone
ash of the ovx rats treated with atorvastatin and in the ovx rats group

treated with rosuvastatin significantly elevated at (p< 0.05) in comparison
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to calcium and phosphorus content in the bone ash of the ovx group, even
reached their levels of the sham group as shown there was no significant

difference between these two treated groups and the sham group.

Treatment of the ovx rats with atorvastatin could not increase level
of magnesium in the bone ash. A non-significant elevation in magnesium
content was observed in the ovx rats treated with rosuvastatin compared
with the ovx rats and ovx rats treated with atorvastatin. The level of
magnesium content of the bone ash of the ovx rats treated with
rosuvastatin increased, but not significantly when compared with the

sham group, it not reaches the level content of this group.

Table 12: Percentage of Ca, P and Mg in the bone ash after

60 days of treatment with statins

Meam + SE
Groups
Ca% P % Mg %
Sham 42.07 +1.48° 22.10+0.97% 1.40+0.11°%
OVX 3420+2.10° | 16.87+0.98° 0.93+0.08"°
OVX + ]
_ 39.90+0.62° 20.13+0.56° 1.10 £ 0.58
Atorvastatin
OVX + !
_ 40.67 +0.57° 21.87+0.22% 1.20+0.05°
Rosuvastatin

Each value represents the mean + SE, values superscripts with different letters in the column were
significantly at P< 0.05.

4-10: Effect of statins on the thickness of trabecular bone

after 60 days of treatment

The results in table (13) indicate a significant reduction at (p< 0.05)
in the trabecular bone thickness of ovx rats in comparison to the sham

group. While, treatment of the ovx rats with atorvastatin. Also, the
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treatment of ovx rats with rosuvastatin caused a significant elevation at
(p< 0.05) in trabecular bone thickness compared with the ovx rats, in
which reach the level of the sham group. There were no significant
differences between the ovx rats treated with atorvastatin, ovx rats treated

with rosuvastatin with the sham group.

Table 13: Thickness of trabecular bone after 60 days of

treatment with statins

Thickness of trabecular bone/
Groups
pum
Sham 86.6 +12.4°2
OVX 50 +4.2°
OVX + Atorvastatin 69.6+82°
OV X + Rosuvastatin 738+37°%

Each value represents the mean = SE, values superscripts with different letters were significantly at P<
0.05. Mean + SE with different superscript letters in the column are significant at P<0.05 using one
way ANOVA test.

4-11: Histological examination

The results in fig. 10and fig. 11 showed the rat femur bone in the
sham group. There was a high density and trabecular thickness bone, also

the blood vessels were high, few osteoclasts, and normal osteoblast.

The ovariectomy caused low density, thin trabecular bone, few
blood vessels and poor developed osteogenic tissue, with low osteoblasts

numbers, and high osteoclasts numbers as shown in fig. 12 and fig 13 .

The treatment of the ovx rats with atorvastatin, showed high density
trabecular bone, medium developed osteogenic tissue, medium numbers
of osteoclasts and medium osteoblasts numbers as shown in fig. 14 and
fig. 15.



48

The rat femur bone in the group that treated with rosuvastatin,
showed high density trabecular bone, high blood vessels and well
osteogenic tissue, low numbers osteoclasts and high numbers osteoblasts
as shown in fig. 16 and fig. 17 .the results in table (13) show a significant
reduction in thickness trabecular bone/pm in the ovx rats compared with
the sham group. But the treatment with atorvastatin also treatment with
rosuvastatin leads to a significant elevation in trabecular bone thickness
compared with the ovx group and no differences between atorvastatin

group compared with rosuvastatin group.
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Figure 10: photomicrograph of rat femur bone of control negative (Sham) group
shows intact articular cartilage (AC), high density and thickness trabecular bone
(TB), blood vessels (BV) and well developed osteogenic tissue (OT). H&E stain,
scale bar=50pm, 100X.

Figure 11: photomicrograph of rat femur bone of control negative
(Sham) group shows normal architecture representing by osteoblasts
(OB), osteocytes (OC), few osteoclasts (OCL) and blood vessels (BV).

H&E stain, scale bar=50pum, 400X.
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Figure 12: photomicrograph of rat femur bone of control positive (OVX) group

shows articular cartilage (AC), low density and thin trabecular bone (TB), few

blood vessels (BV) and poor developed osteogenic tissue (OT). H&E stain, scale
bar=50pm, 100X.

N

Figure 13: photomicrograph of rat femur bone of control positive (OVX) group
shows presence of low numbers osteoblasts (OB), high numbers osteoclasts
(OCL) and poor developed osteogenic tissue (OT). H&E stain, scale bar=50pm,
400X.
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Figure 14: photomicrograph of rat femur bone of Atrovastatin treated group

shows articular cartilage (AC), high density trabecular bone (TB), few blood

vessels (BV) and medium developed osteogenic tissue (OT). H&E stain, scale
bar=50pm, 100X

Figure 15: photomicrograph of rat femur bone of Atrovastatin treated group
shows presence of medium numbers osteoblasts (OB), medium numbers
osteoclasts (OCL) and osteogenic tissue (OT). H&E stain, scale bar=50pm, 400X.
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Figure 16: photomicrograph of rat femur bone of Rosuvastatin treated group
shows articular cartilage (AC), high density trabecular bone (TB), blood vessels
(BV) and well developed osteogenic tissue (OT). H&E stain, scale bar=50pm
100X.

-
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Figure 17: photomicrograph of rat femur bone of Rosuvastatin treated group
shows presence of high numbers osteoblasts (OB), low naumbers osteoclasts
(OCL), blood vessels (BV) and well developed osteogenic tissue (OT). H&E stain,
scale bar=50pm, 400X.



53

Chapter five

Discussion

The aim of this study was to | nvestigate the effect of two types of
statins, one lipophilic statin (atorvastatin) and the other is hydrophilic
statin (rosuvastatin) on bone formation and bone resorption of rats
suffered from osteoporosis. Female rats in this study developed bone
changes after ovariectomy: because the ovariectomy results in estrogen
deficiency, this case is similar and mimics bone deterioration that occur

In osteoporosis in women after menopause.

The ovariectomized rats are used as a model of osteoporotic women
and they used for studing postmenopausal bone loss (El-Nabarawi et al.,
2017; Torrubia et al., 2020).

Estrogen is a good inhibitor for bone resorption, and prevents
osteoporosis. Deficiency of estrogen leads to bone remodeling elevation,
and both bone formation and resorption are increased, but uncoupling
between these process causes bone resorption exceeds bone formation
(Manolagas et al., 2013). In addition, apoptosis in osteoclast cells is

produced by estrogen (Mackie et al., 2008).

Sham rats in this study were subjected to the same surgery of
ovarectomy, but without removing their ovaries, in order to exposure to

the same stress of surgery (Razzoli et al., 2015).

The weights of the rats were equal at the beginning of the
experiment. But ovariectomy operation results in a significant body
weight gain compared with sham group, these results agree with results
of Chou et al., (2022).
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Who noticed an increase in the body weight in ovx rats, due to the
relation between ovariectomy and energy expenditure reduction. Our
results also agree with results of Anbinder et al., (2007) and Sharma et
al., (2017). Ovariectomy may affect several types of proteins that have
related with some brown adipose tissue (Chou et al., 2022). Also Saul et
al., (2021) showed that all ovariectomized rats had higher body weight
compared with control group. The elevation of body weight in ovx group
rats due to estrogen deficiency and leads to obesity (Girgoryan et al.,
2017). The body weight gain in this study is similar to study reported by
Mustafa et al., (2018) since they found that ovx rats gained more body
weight than the sham group and the body weight gain was 19.23% in ovx
compared with sham 11.32 %, also similar to study of Torrubia et al.,
(2020), they revealed that ovariectomy caused increased in body weight

in rats.

Alkaline phosphatase activity in serum ovx rats was significantly
elevated compared with sham rats, this result agrees with Morgan et al.,
(2021) who noticed the elevation in serum ALP activity in ovx rats. Also
agrees with the study of Hamdoon et al.,( 2020) that showed an increase
in ALP activity in serum of ovx rats. Estrogen deficiency leads to a high

bone turnover, due to the low production of estrogen by ovaries.

Ovariectomy caused ALP elevation, this elevation may be due to
imbalance between bone formation and bone resorption, in which bone
resorption exceeding bone formation. Osteoclastogenesis is inhibited by
estrogen, and this process involving many signaling pathways, as
osteoprotegerin (OPG), receptor activator of nuclear factor-KB (RANK)
and RANA ligand (RANKL). RANKL stimulates osteoclasts activation
and differentiation (Alrowaili et al., 2021).
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The elevation in ALP activity refers to a high bone turnover in ovx
rats. After 60 days of treatment ovx rats with atorvastatin show a
significant reduction in serum ALP activity, but treatment with
rosuvastatin caused more reduction than atorvastatin. This refers to a
significant improvement in bone formation and decreased bone resorption
after treatment with statins. ALP is one of the bone biomarkers related to
bone formation, and its activity increased in some metabolic diseases and
osteoporosis (Romero Barco, et al., 2012). Results of this study indicate
that rosuvastatin has a better effect on bone formation than atorvastatin.
Although the two types of statins that used in this study efficiently

ameliorated osteoporosis that done by ovariectomy.

The reduction in ALP activity after treatment with atorvastatin
agrees with El-Nabarawi et al., (2017) they noticed a reduction in ALP

activity after atorvastatin treatment.

ALP plays an important role in hard tissue formation, and it
increases the mineralization, also it reduces pyrophosphate level in the
extracellular fluid. It has a role in the calcification mechanism (Vimalraj,
2020). The results of this study indicate the utility effect of using
atorvastatin and using of rosuvastatin in ameliorating the ovx-induced
osteoporosis. The effectiveness of rosuvastatin in reducing ALP activity
more than atorvastatin may be due to its polarity and half-life.
Rosuvastatin induced the proliferation of osteoblast, it has been shown
that statin enhanced formation of bone through bone morphogenetic
protein-2 (BMP-2) induction. Rosuvastatin is not only enhancing the
BMP-2 expression, but it also enhances ALP activity in the later stages of
differentiation of osteoblast (Monjo et al., 2010).

Ovariectomy of rats in this study caused the elevation in NTx levels

also after 30 and 60 days. This elevation of NTx is in agreement with the
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study of Alrowaili et al., (2021), who noticed an increase in NTx level in
osteoporotic rats when compared with the sham group, and they
suggested that the increased activity of osteoclasts due to the estrogen
deficiency after ovariectomy. During remodeling of bone, some
molecules are released into the blood during bone resorption, so the NTx
is released during bone resorption. Serum NTX level also CTx have been
suggested to be increased in postmenopausal women (Kanterewicz et al.,
2013). The elevation in NTx in this study refers to a significant increase
in bone resorption. NTx is one of the biomarkers of bone turnover and
considered the best marker with CTx for bone resorption (Romero Barco,
et al., 2012). NTx mobilized from bone by osteoclasts and elevated its
levels in serum indicate increase in bone resorption (Alrowaili et al.,
2021). In addition, the elevation in NTx in this study agrees with the
results of Alrowaili et al., (2021). The treatment with atorvastatin, also
the treatment with rosuvastatin after 30 days did not affect NTx level,
because no differences between these groups with ovx group. This means
that the duration was not enough to reduce the level of NTx that elevated
as a result of ovariectomy. But after 60 day of treatment with 20mg/kg of
atorvastatin and rosuvastatin, NTx levels reduced compared with the ovx
group, this means these two types of statins have ability to reduce bone
resorption done by ovariectomy, and both types of statins atorvastatin
(lipophilic) and rosuvastatin (hydrophilic) were similar in their
effectiveness in reducing bone resorption. NTx is released through type 1
collagen degradation by osteoclasts, so NTx and CTx released to the
circulation and these proteins that related to type 1 collagen are specific
to collagen turnover, since osteoclasts are not effective in degradation of
other type 1 collagen containing tissues (Varela and Jolette, 2018). These
results indicated that two types of statin used in this study have ability to

reduce the resorption of bone through their action that similar to action of
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some drugs that used to treatment of osteoporosis, because they reduce
products that produced from mevalonate pathway as farnesyl
pyrophosphate (FPP) and geranyl geranyl pyrophosphate (GGPP) which
considered precursors for isoprenoids, so isoprenoids can modulate some
cellular proteins as oncoproteins (Ras), nuclear proteins (Laminins) and
small guanosine triphosphate (GTP)-binding proteins as (rho-rac-rab) to
form prenylated proteins. This is essential for activation of motile cells as
osteoclasts. For this reason alendronate (a bisphosphonate contain
nitrogen) used for treatment osteoporosis, because it inhibits the
prenylation and finally they inhibit osteoclasts that responsible for bone
resorption (Maritz et al., 2001; Ahmadi et al., 2020).

Osteocalcin levels in ovariectomized rats in this study were elevated
and continue to elevate after 30 and 60 days. This means ovariectomy
caused elevation in osteocalcin, this agrees with the previous study of
Saul et al., (2021) also agree with EI-Nabarawi et al., (2017) and Morgan
et al., (2021) who observed an increase in osteocalcin levels after

ovariectomy due to estrogen deficiency.

After 30 days of atorvastatin treatment anon-significant reduction in
osteocalcin was observed also no difference was observed the the
treatment with rosuvastatin after 30 days. But treatment with rosuvastatin
decreased the level of osteocalcin significantly compared with ovx group
and with group treated atorvastatin after 60 days, although atorvastatin
after 60 days of treatment could not reduce the elevation of osteocalcin
that seen in ovx rats. This result refers to the effectiveness of rosuvastatin
to improve bone formation more than atorvastatin. Rosuvastatin could
lower bone turnover, because its ability to reduce the elevation of serum
NTx and osteocalcin that seen in the ovx rats. Osteocalcin is a non-

collagenous present in bone matrix, it is synthesized by osteoblast cells
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and it is a marker of bone turnover, because it is produced from newly
synthesized osteocalcin released from bone formation and osteocalcin
released from matrix during resorption, therefore osteocalcin considered a
marker of bone turnover (Gaw et al., 2013a). In study reported by Monjo
et al., (2010) rosuvastatin could stimulate the expression and secretion of
BMP-2, since this protein has important role in mediating action of

statins in bone.

El-Nabarawi et al., (2017) showed, that atorvastatin not only has a
positive effect on markers of bone formation, but also has ability to
reduce markers of bone resorption, this means atorvastatin has double
effects, anabolic and anti-resorptive. Some studies have shown that
lipophilic statins had better effect than hydrophilic statin, the results in
this study did not agree with the studies of Hatzigeorgiou and Jackson,
(2005) and Jadhav and Jain, (2006) they showed that lipophilic statins as
simvastatin had better activity than hydrophilic statins. The results of El-
Nabarawi et al., (2017) showed that atorvastatin administration to ovx

rats produce improvement in metabolic markers of bone.

Ovariectomized rats in this study showed a significant reduction in
serum 1,25(0OH),D3. Ovariectomy results in estrogen deficiency that
known to decrease 1,25(0OH),D3 (Nagareddy and Lakshmana, 2006). The
reduction in serum 1,25(0OH),D3 of ovx rats is in agreement with result of
Muhammad et al., (2020) who noticed a decrease in serum 1,25(0OH),D3
in ovx group. Vitamin D is considered a pro-hormon, which is necessary
for calcium homeostasis. Vitamin D stimulates calcium and phosphorus
absorption from intestine, therefore mineralized of the skeleton. In
addition, 1,25(0OH),D3 with the parathyroid hormone stimulate
mobilization of calcium from bone in order to prevent hypocalcemia

(Duchow et al., 2021). Treatment of the ovx after 30 days with
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atorvastatin also treatment of the ovx rats with rosuvastatin could not
change the level of 1,25(0OH),D3 in the ovx rats. This means the time
period was not enough to affect the level of vitamin D, but after 60 days
of treatment with rosuvastatin leads to a significant elevation in serum
1,25(0OH),D3 compared with the ovx group, this result agrees with results
of Yavuz et al., (2009) who reported that rosuvastatin increased the levels
of 25-hydroxy vitamin D and 1,25-dihydroxy vitamin D in study
preformed on 91 patients with hyperlipidemia. However, treatment with
20mg/kg of atorvastatin leads to non-significant elevation, so rosuvastatin
treatment showed a greater efficiency than atorvastatin. These results
indicate the efficiency and excellence of rosuvastatin in bone formation
compared with the atorvastatin. This role may be due to its structure, also

atorvastatin is lipophilic that has low bioavailability.

The results of Torrubia et al., (2020) showed that treatment with
vitamin D and calcium for long time didn’t affect the bone mineral
density, so the use of rosuvastatin may be useful for the density of bone

as shown in this study.

Some researchers have shown a valuable role of statins on levels of
1,25(0H),D3, but other studies have not. Anagnostis et al., (2014) were
showed that rosuvastatin and atorvastatin could not reveal a significant
influence in serum 1,25(0OH),D3 level. But in a study on patients with
hyperlipidemia, they were given 10 mg/kg rosuvastatin a significant
increase in 1,25(0OH),D3 was observed (Sathyapalan et al., 2013).

In fact, the accurate mechanism of statins effect on 1,25(0OH),D3 is
not understood, but some studies have suggested that 7-hydrocholesterol
is the precursor of vitamin D and cholesterol, the inhibition of HMG-CoA
reductase leads to an elevation in 7-hydrocholesterol levels, this may

offer an substrate for 25-hydroxy vitamin synthesis (Orces et al., 2020).
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The results after 30 days of treatment referred, that there is no differences
between all groups in serum calcium and phosphorus, however after 60
day of treatment, a significant elevation in serum calcium and phosphorus
was observed in ovx rat. These results agree with Ohlsson et al., (2014)
and Yousefzadeh et al., (2020) they showed that calcium and phosphorus
were elevated in serum after ovariectomy. This refers to the bone
turnover due to estrogen deficiency, which causes a reduce in
1,25(0OH),D3 that leads to decrease in calcium absorption by intestine,
the decline in serum calcium stimulate parathyroid hormone PTH
secretion, that causes releasing of calcium and phosphorus from the
skeleton to normalize serum calcium and phosphorus levels, this leads to
excretion calcium and phosphorus in the urine and then loss of bone. So,
calcium levels in serum depend on the level of estrogen deficiency
(Nagareddy and Lakshmana, 2006). In this study, the treatment with
20mg/kg rosuvastatin significantly decreased the elevation in serum
calcium that happened by ovariectomy but not returned to the sham level,
this agree with Gokdemir et al., (2021), while the same statin could not
affect phosphorus level. Calcium and phosphorus have important role in
many functions of the body, therefore their regulations in plasma done by
the action of resorption/excretion in the kidney with absorption by the
intestine and exchange from bone that considered the reservoir for
calcium and phosphorus (Nagareddy and Lakshmana, 2006; EI-Nabarawi
et al.,, 2017). The result indicates to a high level of calcium in the
atorvastatin treatment group after 60 day that similar to its level in ovx
group. Ipekci et al., (2014) were noticed a condition of hypercalcemia in
patients that using atorvastatin, and they suggested that atorvastatin
caused a high level of calcium in serum. In addition, serum calcium
elevate significantly in rats that treated with atorvastatin (Kawane et al.,
2004). Treatment with atorvastatin could not affect phosphorus level, but



61

treatment with rosuvastatin non-significantly reduced the level of

phosphorus level compared with ovx group.

The ovariectomy operation in this study caused a significant
reduction in bone ash weights after approximately 90 days of operation,
this results indicate decreased bone density due to lack of estrogen, This
study was confirmed of results found by Nagareddy and Lakshmana,
(2006) who showed a significant decrease in weight of bone ash in ovx
rats and they mentioned that the reason for this decrease was increased
bone turnover also loss of bone due to elevation in bone resorption. The
finding in this study about bone ash weight can be reinforced by the
reduction in the percentage of calcium, phosphorus and magnesium.
Therefore, the decreasing in calcium, phosphorus and magnesium in ash
of ovx rats lead to reduction of bone ash weight. Ovariectomy leads to
accumulation of ROS that lead to this reduction in bone ash, increased
production of cytokines like IL-1 beta and IL-6, these interleukins causes

the generation of osteoclast and then bone loss (Mustafa et al., 2018).

However, after 60 days of treatment with atorvastatin a non-
significant elevation in weight of bone ash was noticed when compared
with the ovx rats, but treatment with rosuvastatin caused a significant
elevation in bone ash weight compared with ovx rats. These results
indicated to effectiveness role of rosuvastatin to improve bone formation
and decrease bone resorption compared with atorvastatin due to the
ability of rosuvastatin to increase weight of bone ash until reach its level
in sham group. This result may be attributed to stimulate calcium and

phosphorus to be accumulated in bone and then increasing bone density.

Ovariectomy leads to a reduction in the calcium, phosphorus and
magnesium percentage in bone ash. Calcium and phosphorus are utilized

as markers for bone formation, they have a critical role in bone
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calcification (Choi and Seo, 2013) and calcium is associated with
decrease mass of bone and causing osteoporosis. Calcium is important
element for bone formation, and more than 99% of calcium found in bone
and teeth (Mao et al., 2021).

The reduction in calcium, phosphorus and magnesium percentage in
bone ash of ovx rats was in accordance with findings of Nagareddy and
Lakshmana, (2006), who reported a reduction in bone ash weight,
percentage ash, calcium, phosphorus and magnesium in the ovx rats, also
the results of this study were in agreement with Mustafa et al., (2018),
who pointed to a significant reduction in femur ash weight and decrease
calcium and phosphorus in bone ash of ovx rats. The decrease of calcium
and phosphorus in bone ash may be due to the low level of vitamin D in
ovXx rats, because vitamin D enhance the absorption of calcium and

phosphorus that essential for building of bones.

The results of this study refer to improve in percentage of calcium
and phosphorus in bone ash after treatment with atorvastatin and
rosuvastatin, and the two types of statin that used in this study were
similar in their action compared with the ovx group. These results
showed the effectiveness of statins in stimulating bone formation.
Findings of this study showed a significant elevation in percentage of
calcium, phosphorus and magnesium content of bone ash in ovx rats that
treated with rosuvastatin, this indicates the positive effect of rosuvastatin
on bone formation and decrease bone resorption and these results
enhanced by the elevation in the thickness of trabecular bone after
treatment with rosuvastatin. The results in this study also refer to high
level of serum calcium in the group that treated with atorvastatin and in
group that treated with rosuvastatin. These results indicate that statins

may be elevated serum calcium level.
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The histological findings of this study showed a reduction in
trabecular bone thickness and low number of osteoblasts, in addition to
high number of osteoclasts in ovx group, these results were in agreement
with results of Zhang et al., (2003) and El-Nabarawi et al., (2017) who
noticed a significantly decrease 60% in trabecular bone volume after
ovariectomy, also there was increment of osteoclastogenesis. The result
of Lane et al., (2003) showed a 50% reduction in trabecular bone also in
the connectivity of trabecular bone that result from osteoporosis. This
means ovariectomy causes bone loss. Also, the reduction of trabecular

bone thickness in this study agrees with Torrubia et al., (2020).

Estrogen deficiency increases the number of osteoclasts and
decreases the number of osteoblasts resulting in overall bone resorption.
Estrogen binds with estrogen receptor to promote osteoproteogerin
(OPG) and to suppress the action of nuclear factor-KB ligand RANKL,
thus inhibiting osteoclast formation (Cheng et al., 2022).

Treatment with atorvastatin leads to a medium developed in
osteogenic tissue and increasing in the thickness of trabecular bone,
however the treatment with rosuvastatin showed a better improvement in
trabecular thickness of bone than atorvastatin although this improvement

not significantly elevated from group that treated atorvastatin.

Osteoblasts, osteocytes and osteoclasts all express estrogen
receptors. In addition, estrogen effects bone directly through cytokines
and local growth factors. Estrogen inhibits IL-6 secretion and IL-6
contributes to the recruitment of osteoclasts, thus contributing of

osteoporosis (Alrowaili et al., 2021).

The receptor activator of nuclear factor-kappa B ligand RANKL /
receptor avtivator of nuclear factor-kappa B (RANK) osteoprotegerin
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(OPG) system is the final common pathway for bone resorption. RANKL
binds to RANK expressed by osteoclasts and osteoclasts precursors to
promote osteoclast differentiation. OPG is a soluble decoy receptor that
inhibits RANK-RANKL by binding and sequestering RANKL (Tanaka,
2019; Cheng et al., 2022).
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Chapter Six

Conclusions and Recommendations

Conclusions:

1.

The two types of statins lipophilic (atorvastatin) and hydrophilic
(rosuvastatin) ameliorated the osteoporosis changing that
developed by ovariectomy.

Rosuvastatin has a greater effect than atorvastatin in bone
metabolism.

Rosuvastatin has a double mode of action anabolic and
antiresorpative influence on bone.

Rosuvastatin has a good effect on the level of vitamin D and this
property enhances the role of rosuvastatin in bone formation.

The possibility of using Rosuvastatin to reduce the symptoms of

osteoporosis in addition to lowering cholesterol in the blood.
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Recommendations:

1. Exploration the effect of another type of statins on bone
metabolism.

2. Estimation of estrogen, parathyroid hormones, and hormones of
thyroid gland and its relation with treatment with statins.

3. Screening the effect of statins in level of insulin, glucose and
HbAlc.
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