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CHAPTER |

INTRODUCTION

Osteoporosis is a condition characterized by low bone density and micro
architectural deterioration of bone tissue, resulting in an enhance bone fragility and an
increased susceptibility to fracture, especially of the hip, spine and wrist (Kanis et al.,
1994). Osteoporosis has recently emerged as asignificant public health problem, which
becoming increasingly prevalent with agmijng of thesworld’s population, and the incidence
was higher in women than in.men. Ostelloporosis is asilent problem as the bone loss
typically occurs without.symptons; Manylpatients are unaware of this problem until they
have experienced a fracitre, Nearly'éll frég}ures make patients being hospitalized and
cause considerable mogbidity, diéabilitylljs and mortality. The National Osteoporosis
Foundation (NOF) of the United States indil<;ates that about 44 million Americans are on
the risk of this disease by virtue of héving léif&_t‘bope mineral density. Presently, 10 million
adults are osteoporosis, and the m-ajority of—_thérﬂn are women (Setchell and Lydeking-

o

Olsen, 2003). In Thailand,an increase in thé’]lml;f-é':éban of Thai people has proceeded to

an increased incid"_eh‘ce of osteoporosis and bone Ti"a_&ure. The prevalence of
osteoporosis in Thai worhen occurs rapidly after the age of 55 years and reaches a level
of more than 50% aftemr the_age of 70 years (Limpapha’yom et al., 2001). The worst
consequence of'the bone fracture might not be death. It is that the post-fracture patients
need to live dependently, with an impaired quality of life, for many years. The primary
goal of,ostegporosis treatmentiis to prevent'a fracture, by slowing,or:decreasing bone
loss, maintaining bone strength and minimizing or eliminating factors that induce

fractures.

Estrogen plays an important role in bone homeostasis (Compston, 2001). It
regulates the bone homeostasis directly to bone cells, and indirectly on the immune
system and oxidative stress (Weitzman and Pacific, 2006). It has been reported that the

loss of estrogen during menopause could cause the decrease in bone mineral density



(BMD) and bone mineral content (BMC) (Riggs et al., 1982; Ohta et al., 2002). Thus,
estrogen deficiency is a major pathogenic factor in the development of osteoporosis in
postmenopausal women. Though estrogen replacement therapy has potential benefits
on prevention or cure for osteoporosis, the higher and longer exposure to estrogen is
considered to be a main risk factor for the development of breast cancer (Fontages et
al., 2004), endometrial cancer (Sulak, 1997; Canavan and Doshi, 1999),
hypertriglyceridemia and angiogenesis (Lissin and Cooke, 2000). Considering these
problems, many researchers/scientists have fried to develop the alternative drugs for

bone loss therapy which have no side effects’on the other organs.

-

Over the past several years,there are many agents and chemicals that have the

potential for osteoporesis tréaiment which can be categorized into 2 groups; 1)
i

antiresorptive agents.@nd 2) anabolic. agents. Antiresorptive agents include selective

estrogen receptor modulator (SERMsy), bigphosphonates, calcitonin and estrogen. The
antiresorptive agents can suppress Jbone rcjﬁ%‘s(;rption by reducing bone turnover. SERMs,
such as tamoxifen and raloxifene, éxhibit_'l;-i?tﬁ estrogenic and antiestrogenic actions.
The effect of tamoxifen on Dreast "t@j'mor haédb%en researched for decades and found

that it could prevent the recurrences of ER@éitive breast tumor (Fisher et al., 1996).

The use of tamoxifen,jat the same time, elicits a beneficiél estrogenic effect on bone

loss prevention (Love.ét al., 1992). On the;mnégétive out(—:ame, however, tamoxifen can

lead to the endometrial cancer (Bernstein el al., 1999). Similar to the tamoxifen,
raloxifene can function dssam estrogen agonist on bone cells and prevent bone loss
(Delmas et al., 1997 Ettinger et al, 1999) and behaves as lan estrogen antagonist on
breast cells and cures the bregast cancer(Cummings et ral, 1999). Oral
bisphosphaonates are currently.the most potent antiresorptive agents for prevention or
treatment of osteoporosis. It can reduce the vertebral and hip fracture by 50 % to 60 %
in postmenopausal women (Liberman et al., 1995; Bauer et al., 2004 and Cheshut et al.,
2004). However, bisphosphonates have adverse side effects on gastrointestinal tract,
such as induction of esophageal ulceration, acid reflux and vomiting, and heart burn,
which make the hesitation to use this drug in some women. The weak points for

antiresorptive agents are that they do not be able to build a new bone, or bone



formation, thus, it might not be justified to use in osteoporotic patients. Anabolic agents,
such as recombinant human parathyroid hormone (hPTH) analogs, can increase bone
formation by stimulating the osteoblast activity. The hPTH significantly increased BMD at
all skeletal sites except at the radius, and subsequently significantly reduced the risk of
bone fracture in postmenopausal women (Cranney et al., 2006). Though hPTH shows
the beneficial effects on bone formation, the application of this drug to humans is still
equivocal, because hPTH can also induce a malignant bone cancer (osteosarcoma)

(Vahle et al., 2004).

In Thailand, the diagnosis of the onset-Oivestéoporosis is usually ignored. Most of
the people are unaware-ef'it unti"the disease is wellladvanced. The patients come to
realize about this whenvit'is {006 lateto rett,ltrn. The patients with a low BMD or used to be
an osteoporotic fracture should particularty Consider for the treatment. The antiresorptive
agents could reduce bene resorptron bUPIt does not increase a bone formation. The
anabolic agents can inddCe @ new bone f'ormatron but their side effects and cost are
the main issue to be concerhed. Therefore the agent, which can induce bone formation,
has fewer side effects and is Cheap should tf)le sought out. The indigenous herb should

be one of the choices. TR

Phytoestrogens-plant-derived-subsiances;-have-sttuctures related to estrogens
and can bind to estrogeh receptors. They are currently ueed by many women as an
alternative drug for estrogen replacement therapy. Phytoestrogehs are classified into 4
groups; isoflayenes, | lignahs, ‘coumestans=and. stilbenes; which can be found, for
example, in soy, red clover, flaxseed and black cohosh (Dang et al., 2005). Soy
isoflavenesihaveibeen, reported:their estrogeniceffectsion feproductiveé argans and their
anaboliceeffects on bone (Ishimi et al., 2000). In 2001, Picherit et al. assessed the
effects of daily consumption of soy isoflavone on bone loss in adult ovariectomized
(OVX) rats. After ovariectomy for 80 days, rats were fed a powder of soy isoflavone in
various doses, 0 (or control), 40 and 80 mg/kg/day. On day 164 or 84 days after
treatments, the OVX rats fed with isoflavone at doses of 40 and 80 mg/ kg/ day showed
a lower concentration of serum osteocalcin, a marker of bone formation, and

deoxypyrinidinoline, a marker of bone resorption, than those in the OVX control rats.



However, the BMD as well as the trabecular bone area in isoflavone fed rats were not
different from the OVX control rats. In 2006, Devareddy et al., examined the effects of
isoflavone in the form of soy protein on the improvement of microstructural architecture
of trabecular bone which was induced by ovariectomy. After ovariectomy for 90 days,
the OVX rats were treated with soy protein enriched with soy isoflavone. After 125 days
of treatment, none of the treatment groups showed the improvement of BMD or micro-
architectural properties of the lumbar vertebra, but the BMC and BMD of tibia were
increased, though it was lower than that of thessham group. These results indicated that
the soy isoflavone dose-dependently reduced.theqinitiation of bone loss but it could not

recover the established bone loss. 4

Pueraria mirifica”Air Shaw & Suv?tabandnu, an indigenous Thai herb, known in
Thai as “white Kwao Krua” has been usee in a traditional'medicine for a long time as a
rejuvenating agent andfa hermone replaeement therapy for elderly. It belongs to the
family Leguminosae, subfamily PaplhnOId’ea as soy does. The tuberous roots of P.
mirifica contain many |soﬂavon0|d'compounds such as daidzin, daidzein, genistin,
genistein, puerarin and mirificin, and other phytoestrogen compounds, such as
miricoumestan, miroestrol and deoxym|roestrol (Chanakaow et al., 2000; Ingham et al.,
2002; Cherdshewasadrt et a/., 2007, 2008).»'I:ne‘ compoaolnds that make P. mirifica
different from otherrp;nytoestrogens containing plants in tne family Leguminosae are
miroestrol and deoxymiroestrol. The estrogenic activity_of miroestrol was previously
estimated to be about 0.25¢times of 17B-estfadiol, tested by vaginal cornification assay

in rats (Jones ‘et al4 1961).cMiroestrol lis considered to' be the compound having the

highest estrogenic potency among other known phytoestrogens.

The estrogenic potency of P. mirifica has been tested in reproductive organs of
rodents, monkeys and humans. The OVX rats fed with P. mirifica exhibited a vaginal
cornification and an increased uterine weight (Malaivijitnond et al., 2006; 2010). Feeding
of P. mirifica at a dose of 1,000 mg/kg/day for 90 days could ameliorate an increase in
serum luteinizing hormone (LH) and follicle stimulating hormone (FSH) levels in
orchidectomized (ORX) and OVX rats (Malaivijitnond et al., 2004). Oral administrations

of P. mirifica at doses of 10, 100 and 1,000 mg/day in adult cycling and aged



menopausal cynomolgus monkeys indicated a reduction of serum LH and FSH levels
(Trisomboon et al., 2005; 2006). A daily consumption of the crude P. mirifica at a dose
of 200 mg for 3 weeks per month improved the menopausal symptoms, such as hot
flushes, frustration, sleep disorder, skin dryness, high blood cholesterol, oligomenorrhea
and amenorrhea in postmenopausal women (Muangman and Cherdshewasart, 2001).
Other than the estrogenic activity on reproductive organs, P. mirifica also exhibited the
effects on bone loss prevention in rats and monkeys. The menopausal cynomolgus
monkeys treated with P. mirifica at a dose of 1,000 mg/day for 90 days had a reduction
in serum PTH levels and followed by a decline in.serum calcium levels (Trisomboon et
al., 2004). Treatment of P."mirifica at ddSes of 107100 and 1,000 mg/kg BW/day for 90
days in ORX and OVX rats.significantly prevented bone loss in trabecular and cortical
bone of the 4" lumbar vertebra Jtibia arli_d femur, dose-dependently (Urasopon et al.,
2007; Urasopon et al., 2008). Based on these results, P. mirificain should be potentially
useful for prevention of osteoporosis gaus%d by sex hormone deficiency. In addition, P.
mirifica showed the anti—poliferative effeéjég on the growth of MCF — 7 cells, breast
cancer cell-lines (Cherdshewasarf 4e_zl‘da/., 200%{_@007).

== ,.‘,J

As mentioned above, osteoporosis is.a silent disease. Many patients are

unaware of the onset of the diséaée'. They always cometofthe hospital when bone loss

is on the serious sta'gg or when bone fracture occurs. At_TtJhis point, they asked for the
therapeutic agents. However, the cost of therapeutic. drugs for bone loss is very
expensive and the side éffeets are in concérn. Therefore, the therapeutic effects of P.

mirifica on bong lossyin losteaporotic rats arecarried out in this study.

Thel aim™ofsthis (study«is tOyinvestigaterthe therapeutic effectsiaf P. mirifica on
ovariectamy-induced osteoporotic rats. The knowledge gained from this study is

hopefully to be applied for osteoporosis treatment in humans.



Research Questions

Could P. mirifica at the doses of 10, 100 and 1,000 mg/ kg BW/ day prevent a
further bone loss and cure the established osteoporosis in ovariectomy - induced

osteoporotic rats?

Hypothesis .
P. mirifica at the doses of 1l @mg/ kg BW/ day could prevent a

further bone loss and reverse«ihe established bone loss in ovariectomy - induced

osteoporotic rats.

Objectives
1. Toinvestigat ale rats can induce bone loss
2. To study the effects o‘f" 2.0n BMD and BMC of osteoporotic rats.

3. To study<the effects of P mirfica on trabecular bone tissue area of
osteoporotic rats. r',,
b

i |
4. To study the effects of P. mirifica on serum ALP and TRAP levels of

e UE INEN SN 113
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CHAPTER II

REVIEW OF LITERATURE

Osteoporosis is a major public health problem and becoming increasingly
prevalence with aging of the world population. Estrogen deficiency has been
recognized as a key factor of osteoperosis development. There are many
pharmacological agents for osteoporosisitreatment but the cost of drugs is high and the
safety is in concern. Thereforesthe alternative drugs for osteoporosis treatment without

side effects have been a focal ofiinterest. "L

i

This chapter fitst' summarizes aboqf the bone, such as bone structure, bone cell
/ - .
and lineage, bone remodegling, bone markers, estrogen and bone homeostasis,
osteoporosis, antiresorptive agenfé, :'and aﬁgpélic agents. Later, the content focuses on
¥ K

phytoestrogens, estrogenic and ‘ant.j:estrogepj-_d activities of isoflavones, P. mirifica and

animal model for bone loss. .~ T

1.1. Bone structufe

Bone is a specialized connective|tissue that_forms, together with cartilage, the
skeletal system to serve 3 maijor ¢functions; 1)=mechanical support and sites for
attachment of museles‘and tendons.awhich are essential for locomation™2) as a protector
of internal organs, such as those contained in the cranial and thoracic cavities and bone
marrow, and 3) metabolic function as a reservoir of ions, especially calcium and

phosphate, for maintaining calcium homeostasis and acid-base regulation.

Bone consists of extracellular matrix and bone cells. The extracellular matrix
includes organic matrix and phosphate and calcium salts in the form of hydroxyapatite

crystals (Ca,,(PO,)s(OH),) (Nakamura, 2007). The constituent of organic matrix of bone



is type | collagen (95%) and non-collagenous proteins (5%), The non-collagenous
proteins include osteonectin, vitamin K-dependent proteins (osteocalcin and
osteopontin), fibronectin (Lemann et al., 1972) and ground substances which are
primarily composed of glycoproteins and proteoglycans. The collagen as well as ground

substance can be mineralized.

Generally, there are 2 structures of the bone, cortical and trabecular (Figure 2.1).
Cortical and trabecular bones are differences in both structure and function. The cortical
bone appears as a compact, dense layer that iorms the outermost layer along the length
of long bone and is more caleified than trabecularbone. Trabecular (or spongy) bone
has the appearance of assponge-or-a meshwork locating in the interior part of the bone.
Trabecular bone has lewer calcium conté,lnt than the cortical bone. Functionally, cortical
bone provides mechanicalsand proﬁectiye,, functions. while trabecular bone provides

metabolic functions withthigher turnover rate than that of the cortical bone (Gustavo and

Bruce, 2008). | ’

Bone is a dynamic metabolized cd(r)h@ctive tissue working throughout our life.
The homeostasis of bone mamtalns by bala‘mcmg between the process of bone
formation and bone resorptlon -which will NeepThe bone volume and bone strength.

Three types of bone; QeHS—thaHS—esteeelast—esteebLast—and osteocyte, involve in bone

formation and bone resorptlon

1.2 Bone cells and'lineage

In activély growing bone, 4 types of cells are found in the bone tissue;
osteoprogenitor-icelly  asteoblastiosteocytey andosteaclaste Al ofa these cells are

differences in embryological origin, microscopic appearance and function.
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2. Osteoblasts

The osteoblasts are differentiated bone-forming cells that descend from
mesenchymal stem cells. Osteoblasts are located at the surface of the bone tissue and
lined as a single layer. The osteoblasts appear as cuboidal or columnar cells with

basophilic cytoplasm, abundant rough endoplasmic reticulum, and prominent Golgi
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apparatus. They are responsible for the synthesis of several bone matrix components,
including type | collagen, proteoglycans, glycoproteins, osteocalcin, osteonectin and
osteopontin (Junqueiva et al., 1986). Oteoblasts also produce growth factors that have
important autocrine and paracrine effects on bone growth (Fawcett et al., 1994). They
have plasma membrane receptors for several hormones, such as PTH. In the nuclei, the
receptors for estrogen and 1, 25 (OH),D, (Baron, 1993) are also found. Osteoblasts
appear to initiate the calcification process. They secrete matrix vesicles which are rich in
alkaline phosphatase (ALP), one of the markers of bone formation (Fawcett et al.,

1994).
3. Osteocytes

The osteocytes are ofiginated ‘from differentiated osteoblasts. They have
embedded themselves within/ the /calcified bone matrix and resided in the lacunae
between the lamellae™ of smatrix. . That r;}akes the cells being a lenticular shape.
Compared to osteoblast, the flat, almofr_fql-thaped osteocytes usually exhibit less
cytoplasmic basophilia, reduced rough endépdlésmic reticulum and Golgi complex, and
more condensed nuclear chromatin: The nu’ileUS may be the only prominent feature.
The processes of adjacent celis form a commIJhieating network connected together with
gap junctions that provide for the intercellular flow of several’ions and small molecules.
In addition, osteocytés are also responsible for bone turnover process and acting as
mechano-sensory cells that play an important role in functional adaptation of bone

(Aarden et al., 1994)
4. Osteoclasts

The osteoClasts "are “the "bone Tresorbing ‘cells” They "are derived from
hematopoietic stem cells. They are giant multinucleated cells. Osteoclasts are usually
found in contact with the calcified bone surface as well as within the lacuna. The most
prominent features of osteoclasts are the regions containing numerous plasma
membranes folding that form microvillous structures which are called the ruffled border.
It is surrounded by the ring of actins that serves to attach the osteoclast cells to the

bone surface. This is the site for secretion of hydrogen and chloride ions, proteolytic
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enzymes, and collagenase. In addition, osteoclast has a great number of lysosomes
which contain lysosomal enzymes that makes the osteoclast cell can be responsible for
the degradation of bone matrix. The organelles inside the cells are acidophilic
cytoplasm with many vacuoles, abundant Golgi complexes, mitochondria and free

polysomes, and some rough endoplasmic reticulum.

Osteoblast and osteoclast coupling is mediated through a membrane-bound
receptor activator of nuclear factor-kappa B ligand (RANKL), which is the factor
necessary for osteoclastogenesis. RANKL interacts with its receptor (RANK) expressed
on the osteoclasts and their precursors. The-pinding between RANK and its ligand
stimulates osteoclast differentiation” and prevents osteoclast cells death (Roodman,
2006). Concurrently, a*“deceV receptori| knows as osteoprotegerin (OPG), which is
produced by osteoblasts, can inhibit RANAK & RANKL signaling (Yeung, 2004). There are
many factors stimulating RANKL express+on such as PTH, vitamin D and cytokines.
Conversely, estrogen, transforming grovvth"factor beta (TGF - B), and mechanical force

inhibit RANKL expression (Figure2.2).

1.3 Bone remodeling . -~ e~

Bone is a dyﬁémic connective tissue which is -suirted for its supportive and
protective functions of the skeletal. To maintain the mechanical integrity, bone tissue
undergoes a remodeling, san active process that is mediated through the coupled
processes of whichqthere are a removal of-old banes and |a geplacement with newly
formed bone. This process is complicated and requires an interaction between all types
of boné'cells; which'isregulated by.a variety of biochemical andmechanical factors. A
bone remodeling process most frequently occurs at the surface of trabecular bone. It
also takes place on both periosteum and endosteum surface of compact bone. In adult,
the rate of bone resorption and formation are equal, but in aging and postmenopausal
women, the resorption exceeds the formation process. This can lead to the alteration in
bone architecture and decreases bone mass which finally causes an increased high risk

of skeletal fracture.
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Figure 2.2 Role of RANKL in . osteoclastogenesis. Osteotropic factors induce

upregulation of RANKL«on marrow: stromal cells and osteoblasts. RANKL binds to the

RANK receptor on ostee€lasiiprecursors and induces osteoclast formation.

(Available from: http://elsevierheaIth.-cem/p'(}fs/;journals/PI|SO301472X99000612.pdf)

Bone remodeling mamrams the reneWaI of the skeletal. Groups of cells
incorporating in bone remodehng process are. néimed bone multicellular units” (BMUs)
(Eriksen et al., 1994). -Eaeh_nemodeung_eyele_umnaies_wnh 1) the resting (or quiescent)
phase, in which bone hnmg cells are inactivated, and 2) the resorbing phase, whereby
certain factors, such as“ osteoclastic precursors are activated by transcription factors or
growth factors{io become mature multinucleated osteaclasts and start the osteoclastic
bone resorptionidAfter the resorption is terminated the area is invaded by preosteoblast,
which isythenrdifferentiatedsintor any active osteoblast and thisssteprisiealled 3) reversal
phase. After the osteoblasts are activated, they synthesize a new matrix which is
subsequently mineralized, and this step is called 4) bone formation (Figure 2.3). In
conclusion, bone remodeling process is composed of an activation, resorption and
formation sequence. The complete remodeling cycle takes about 3-6 months. Generally,
the bone formation phase takes at least 4 times longer than the bone resorption phase

(Baron, 2003).
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biochemical markers for‘diagnosis and mﬂaltorinéﬁf what anabolic bone formation
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measurements are noninvasive, inexpensive, and gan be repeateduoften. Unfortunately,
most oﬂw%ﬂuﬁﬂa@é&pﬁi@%g&doﬁl&%ﬁ ti&aﬁtﬂzus on markers
as a prir%ary endpoint. Bone markers have been useful in clinical practice and have
been helpful in understanding the pathogenesis of osteoporosis and the mechanism of
actions of therapies (Watts, 1999). Biochemical markers that reflect the remodeling
process and can be measured in blood or urine fall into three categories: 1) enzymes or
proteins that secreted by cells involved in the remodeling process, 2) breakdown

products generated in the resorption of old bone, and, 3) by products produced during
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the synthesis of new bone (Watts, 1999; Swaminathan, 2001) (Table 2.1). Followings are

example of bone markers used in clinical diagnosis and researches.

Alkaline phosphatase (ALP) is an enzyme that is synthesized and released by
osteoblasts and then can indicate the osteoblast activity. ALP is a membrane-bound
protein with enzymatic activity that originates from various tissues, such as liver, bone,
intestine, and placenta. Two major circulating forms of ALP, the liver and the bone
isoenzyme, are posttranslationally different in their glycosylation patterns. In adults, only
about 50% of ALP is derived from bone, wile ihe.remainder mostly emanates from liver
tissue. In the bone, ALP anchored to the outerplasma membrane of osteoblast by a
glycan linkage to phosphatidyl-inesitol (Low and Finean, 1997). Several possible roles in
bone formation of bone"ALP.have been glproposed. The enzyme hydrolyzes phosphate-
ester and provides supplemental phosbh,ates for depesition in the hydroxyapatite,
destroys local inhibitors of s#the mmeral Cwstal growth, or acts as a calcium-binding
protein or Ca’ ATPase. BOna/ALP can'be r%leased to the circulation by action of glycan-
inositol phosphate specifie hydrolase whloh cleaves the molecule at the inositol-PO,

p

linkage site. The levels of serum ALP can be increased as a consequence of an
o224

increased release from bone cells during; the process of bone formation. Recently
developed |mmunorad|ometr|c or enzymew immunoassay has facilitated the
determination of serﬁtin" levels of bone specific ALP, desbi,té a residual and significant
cross reactivity with the liver isoenzyme. Bone specific ALP provides a higher specificity
for bone than the otherfbene formation markers. It has been shown that the bone
turnover is increased by increase in_levels of serum total ALP and its isoenzyme, bone

specific ALP in OVX rats. The replacement of E, . in OVX rats deergased the levels of

serum total ALP and'bone specific, ALLP.to the basal Jevels (Sazer ét al., 2006).

Tartrate resistant acid phosphatase (TRAP) is a lysosomal enzyme found in
bone, prostate, platelets, erythrocytes, and spleen. TRAP can be measured in serum or
plasma by electrophoresis or by enzyme linked immunoassay (EIA). Two forms of TRAP
circulate in blood as TRAP 5a and TRAP 5b. TRAP 5b is derived from osteoclasts.
Osteoclasts secrete TRAP 5b into the blood circulation as an active enzyme, which is

inactivated and degraded to fragments before it is removed from the circulation. The
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levels of serum or plasma TRAP 5b reflects the number of osteoclasts and can predict
the future bone loss (Alatalo et al., 2003; Chu et al., 2003). The number and activity of
osteoclasts are tightly coupled, suggesting that circulating TRAP 5b is a useful marker
of bone resorpton. Serum TRAP 5b levels of male rats were increased as early as 5 day
after ORX, whereas the significant bone loss, quantified by pQCT, was observed at 11
days after operation. This suggests that elevated serum TRAP 5b levels could use to
predict a future bone loss. Interestingly, after the rapid elevation of serum TRAP 5b, it
started to decline and returned to the control [evel within 17 days after operation (Alatalo
et al., 2003). Similar results were also obtained lasthe OVX rats. They showed an even
faster elevation of serum TRAP 55 aftef operation and it reduced to the control level

within the first week (Surve et*al.,2001).

Table 2.1 Summary of bioghemical markers of bone turnover

T,

o

Bone markers ﬁéﬁnple Major source
Bone formation : ~4 :
Total alkaline phosphatase (ALP) Serum Liver/bone
Bone alkaline phosphatase (BALP) Serum Bone (osteoblasts)

Osteocalcin
Carboxy terminal propeptide.oftypes!
procollagen’ (PICP)

Serum/ plasma

Serum

Bone (osteoblasts)
Bone (osteoblasts) and

skin (fibroblasts)

Bone resorption

TRAP 5b

Pyridinoline cross-linkis (PYD)
Deoxypyridinoline cross-link (DPD)
N-terminal telepeptide (NTx)

C- terminal telepeptide (Cross-laps)

Serum/ plasma
Urine

Serum/ urine
Serum/ urine

Serum/ urine

Bone (osteoclast)
Bone and cartilage
Bone and dentine
Bone and dentine

Bone and dentine
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Bone markers are useful in clinical diagnosis and are helpful in understanding
the pathogenesis of osteoporosis and mechanism of action of therapies. In clinical trials,
bone markers help to select the optimal dose and to understand the time course of the
onset of treatment of osteoporosis. Other than the diagnosis and treatment of
osteoporosis, the determination of bone markers can help to detect the symptom of

bone loss earlier and can help to select the most suitable treatment for the patients.

Bone remodeling is regulated By various hormones and many local factors
which affect the functions of bane cells. Estrogen.is one of major functional hormones in
bone remodeling found in fémales. This hormonesintéracts with various organ systems,

for example, reproductivessystemy cardiovascular system and skeletal system.

_—

1.5 Estrogen and bone homec‘)stasisﬁf;‘. .

Estrogen plays an importa-'ntj-role inv-_Eﬁ;'athaining the skeletal homeostasis in adult
men as well as in adult women: At presé;;:t-;d ;_i}-fis certain that osteoblast, osteoclast,
osteocytes and their progenitor celis have;?sﬂqgen receptors (ERs; ERaL and ERp),
although the concentration is -Iower than ktﬁose found .in ;the reproductive tissues.
(Nakamura, 2007). Eétrogen regulates bone homeostasis-by binding to the ERs, and

modulates the biosynthetic activity of osteoblast, osteoclast and their progenitor cells.

The ostéoclast ‘develops a nhetwork of autocrine and paracrine communication
with stromal and  osteoblast cells (Figure 2.4). RANKL is produced by osteoblast and
activates) the Osteogclast ‘differentiation, RANKL! is | found:an thé,surface of stromal-
osteoblastic lineage cells. Cell-to-cell communication between these two cells allowed
RANKL to bind to its membrane receptor (RANK receptor) which is expressed on the
surface of osteoclast cells. In response to RANKL signaling, osteoclast is differentiated,
increases in activity, and decreases in apoptosis. The stromal-osteoblast lineage cells
(mature osteoclast) also secrete an osteoprotegerin (OPG), a soluble decoy receptor
that neutralizes a RANKL. OPG acts as a decoy by blocking the binding of the receptor

activator of NF-KB (RANK) to RANKL on mature osteoblast/ stromal cells (Simonet,
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1997). This interaction inhibits the differentiation of osteoclast precursor into a mature

osteoclast.
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Figure 2.4 A schematlérvew of RAN'((L/ RANK/ OPG system. RANKL mediates a

signal for osteoclast formation through RAl\fK expressed on osteoclast progenitor.
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(Available from: http://www. Medsoape Com/'wewartlcle/ 479893_2)
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Estrogen stimulates the proéluction QTJ'QPG an anti-osteoclastogenic factor, and

suppresses bone reso’rptlon In addition, estrogen regulate_ﬁs;he production of cytokines

v l

by bone marrow strojrfnal cells and osteoblast. Estrogen decreases many cytokines

production, such as I, IL6 and TNF-QL.. These cytokines have been shown to inhibit
apoptosis of osteoclast, and, stimulate osteaclast proliferation-and differentiation from
haemopoietic stem”cells” (Hughes et al., 1997; Jimi et"al.,” 1996). Estrogen has also
stimulated .the bone formation_ by decreasing..an:osteoblast apoptasis, increasing a
lifespan 'of ‘osteoblast, and stimulating~“an osteoblast activity via ‘ihe increase in type |

collagen production (Nakamura, 2007).

Estrogen deficiency affects bone remodeling in several ways. Firstly, it increases
the activation frequency of BMUs which leads to a higher bone turnover. Secondly, it
induces a remodeling imbalance by prolonging the resorption phase and shortening the
formation phase (Compston, 2000). As a consequence of these changes, the volume of

the resorption cavity is increased beyond the capacity of the osteoblasts to refill it. As
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written above that estrogen decreases secretions of many bone related cytokines,
estrogen deficiency results in an increase in the production of IL-1, IL-2, TNF-Q.,
granulocyte-macrophage colony-stimulating factor (M-CSF), and prostaglandin-E,

(PGE,).

Estrogen deficiency is one of the most important factors in the pathogenesis of
osteoporosis in  post-menopausal women. Estrogen plays an important role in
maintaining bone mass in adult women By, maintaining remodeling balance. In post-
menopausal women, the lack of estrogensleading to decrease the bone mass and

increase the risk for osteoporosis. 3

1.6 Osteoporosis
!
Osteoporosis is'a cendition of bone disorder characterized by a reduced BMD

i
'-, #

and micro-architecturals@eterioration ef-bene tissue, resulting in increased bone fragility
and bone fracture (Figure 2.5). O-.steopof_gsis is mainly seen in elderly people. The
decrease in sex steroid hormor’ies’ bone'-”'frér'cture and their complications are the
relevant clinical squeal of osteoporosns The most common fractures are the hip, spine

and wrist. However, most fractures iR-older adults are due in part to a low bone mass.

After the bone fracture, some patlents may be fully recovered or some may have a

chronic pain, disabilitg) or death. Other tha-e fhephysiolo—gjLeal symptoms, the fractures

can also cause psychological symptoms, €. g. depression and lost of self — esteem,

because the patients are dependent to otherfpérsons.

The diagnosis of osteoporosis is done by the measurement of BMD. An areal
BMD s expressed in, the:absolute [term of: grams of minéraly p€r sgliare centimeter
scanned (g/cmz). The BMD diagnosis of normal, low bone mass, osteoporosis and

severe or established osteoporosis is based on WHO classification as follows;
Normal: BMD is within -1 SD of a young normal adults (t — score at -1 and above)

Low bone mass (osteopenia): BMD is between -1.0 and -2.5 SD of a young

normal adult (T — score between -1.0 and -2.5)
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In post-menopausal women, the WHO diagnostic T — score criteria are applied

to the BMD mﬁﬂﬁ dﬁjeﬂﬂ Ejspfla‘-g;’w EJ;@Tﬂ ﬁ/ absorptiometry (DXA)

at the lumbar spine and femoral neck.

IR T I e e

exhibit two phases of age rel e loss; early and late. The early phase begins at
the menopause, this phase accounts for losses of 20-30% in trabecular bone, but for
only 5-10% in cortical bone. Bone loss in this phase associates with a decline in serum
estrogen levels which can be prevented by estrogen treatment. Although the
menopause induces a rapid bone loss, a part of the decrease in the BMD relates to the

increase in remodeling rate induced by the large increase in BMU numbers. A rapid

bone loss in this phase produces an increased outflow of calcium from bone into the
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extracellular pool. However, the hypercalcemia is prevented by a compensatory
increase in urinary calcium excretion, a decrease in intestinal calcium absorption, and
partial suppression of PTH secretion. As assessed the biochemical markers, the bone
resorption markers increase by 90% at the menopause, whereas the bone formation
markers increase by only 40%. The increase in bone turnover and remodeling
imbalance leads to an accelerated bone loss. The late phase of bone loss is associated
with a progressive increase in levels of serum PTH and in biochemical markers of bone
turnover. The PTH secretion increases and maintains normal levels of serum ionic
calcium by resorption of bone, @ main body €al€ium stores (about 99% of calcium in the

J

body) (Riggs et al., 2002).

Osteoporosis is*a worldwide heajlth problem. The prevalence is currently high
and the therapies arefaimed (o adjust Athe imbalance of the bone remodeling. The
therapeutic agents for osteopor05|s are Cla-ssmed as antiresorptive agents and anabolic
agents. Antiresorptive agents are agents dctmg on inhibiting the activity of osteoclasts
and, therefore, reducing pone resorptlon,.l_-Currently, available antiresorptive agents
include bisphonates, selective estr'_o'gen—re:cjéb?tg)ir modulators (SERMs), calcitonin and
estrogen. Anabolic agents act ‘by stimulatin?_?a-‘l formation of the new bone. The only

g oy
o el

anabolic agent currently availabie is the teripératide; a recombinant human PTH (hPTH).

1.7 Antiresorptive agents

1. Bisphosphonates

Bisphosphonates ~are=structural; analegues nof spyrephesphate, a naturally
occurring bohe resorption ‘inhibitor. Bisphosphonates 'have a strong affinity for the
hydroxyapatite crystals in bone, where they act as potent inhibitors of bone resorption
by decreasing osteoclast recruitment, activity, and life span (Van Beek, et al., 2002).
Once absorbed into the systemic circulation, approximately 50% of a bisphosphonate
distributes into bone resorption sites, while the remaining 50% is excreted renally.
Bisphosphonates have very long half-lives in bone. Once bone resorption at a

remodeling site is inhibited, bisphosphonates are either released back into the
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circulation and eliminated or are incorporated into the new bone matrix, where they
remain inactive until they are released at a new remodeling cycle. Both alendronate and
risedronate are popularly used bisphosphonates. They reduce the incidence of vertebral
fracture by 40-50% in osteoporotic women, and they can improve BMD and reduced
vertebral fracture risk (Orcel and Beaudreuil, 2002). Bisphosphonates suppress bone
resorption within a few weeks after treatment, and the risk of radiological or vertebral
fracture can be reduced within 6-12 months (Eastell et al., 2011). Randomized clinical
studies have shown a similar frequency of Gl adverse effects with alendronate and
risedronate compared with the placebo, alinough patients have an upper-Gl-tract
disease or a nonsteroidal anti—inﬂammafbry drug use (Diel et al., 2007). Thus, use of

bisphosphonates on osteoperotieitreaiment could cause some adverse effects.

\

2. Selective Estrogen Receptor Mo"_éulators (SERMs)

SERMs are the SubstanCes that hé}/ﬁ fnixed agonistic and antagonistic effects
after binding on estrogen receptorsl.‘ RaloXi{éqé is the only SERM that approved to be
used in prevention and treatment of osteopio%sis. Raloxifene has estrogen-like effects
on lipid metabolism and bone; ‘and- has eSt;ogén antagonistic effects on endometrial
and breast tissues'(Michael et al., 2004) Based on its' antagonistic effects on the
endometrium, raloxifene does not cause a vaginal bIeediﬁg or a risk of endometrial
cancer. Raloxifene significantly increases BMD, but to a lesser extent than those of
estrogen and bisphosphanatesi Treatment ©f 60\mg/ lday ofyraloxifene hydrochloride in
comparison withj placebo in healthy postmenopausal women, with normal BMD or
osteopeniasshowed=a 1=2%, of-inerease inpBMB, frompthe doaselinesateall body sites. In
addition fo the effeCts of raloxifene on BMD and fractures, itdid not alter performance on
cognitive tests in post-menopausal women, but it increases the risk of venous
thromboembolism (VTE) up to threefold (Roger et al., 2004). The most common adverse
effects associated with raloxifene are leg cramps and hot flushes. Raloxifene should not
be used in postmenopausal women with hot flushes, since it can make the symptoms

WOrse.
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3. Calcitonin

Calcitonin is a polypeptide hormone secreted by C-cells of the thyroid gland. A
salmon calcitonin has been approved by FDA for the treatment of osteoporosis in
women who experienced menopause for more than 5 years (Chesnut et al., 2008).
Calcitonin is available as an injection or a nasal spray form. Adverse effects associated
with the injection include local reactions, such as flushing, and rash, and systemic
reactions of a rare allergic type. Thus, calcitonin has a limitation of use. Adverse effects
are rare with the intranasal formulation. Mostly.the patients complain about the nasal
dryness, soreness, irritation, itehing, and epistaxis. In postmenopausal women with a
low BMD, nasal spray of 200 [U_of calciténin increased a spine BMD of 1-3% (Adami et

al., 1995). Thus, calcitonin®is eonsicered as a third-line therapy for osteoporosis in

\
postmenopausal womern. !

_—

)

4. Estrogen

Estrogen replacement therapy (ERT'"afhas been approved by FDA only for use in
the prevention of osteoporosis. Several Contééuié:‘t‘j trials and observational studies have
demonstrated that -estrogen  significantly ;i‘fh"élf'é'a'sed BMD in both early and late
menopausal women, “a-addition; the ERT could be the most beneficial if it has been
started soon after thero'nset of ' menopause and continued to use longer than 7 years. It
has long been thoughrt that higher doses_ of estrogenr were needed for bone loss
protection, howéver, recent studies showed that use of lower dases of estrogen (doses
equivalent to 0.8 mg of conjugated, equine estrogen) in combination with adequate
calcium, inteke ‘are ‘high“efficiency: Although ERT has been proven-io increase BMD, the
anti-fracture efficacy has been consistently shown only in observational studies. In
addition, ERT has adverse effects on increasing the risk of breast cancer, endometrial
cancer, colon cancer and stroke. Considering these problems, higher and longer use of

ERT should be aware.
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1.8 Anabolic agents

Anabolic agents are the chemicals that have the capacity to increase bone mass
and also to improve bone quality and bone strength. The recombinant hPTH is the only
anabolic agent for the treatment of low bone mass. Two forms of recombinant hPTH
have been evaluated in clinical trials, hPTH (I-34) and the intact 84-amino acid form,
hPTH (I-84). The hPTH exerted a potent anabolic effect on the skeletal by increasing the
rate of bone remodeling, resulting in a pasitive remodeling balance. New bone formation
occurs on quiescent surfaces and, as a result,rabecular architecture becomes closely
resemble to the normal bene. The mej:hanism ofraction of hPTH is still equivocal.
However, the multiple pathways on alterations of the activity of osteoblasts, bone lining
cells, osteoclasts and.esteocytes were ;froposed. PTH stimulates bone formation by

increasing the number.0f osi€oplasis, partly by delaying osteoblasts apoptosis. PTH is

able to increase the baone size.To date, élinical trials of PTH have been carried out in

i
\ -

postmenopausal women with osteoborosis;.f In 2001, Robert and co-workers studied the

effects of PTH in postmenopausakwomen, Wh‘o’also had a prevalent of vertebral fracture
- 4 4,

and found that PTH decreased the fisk df{‘v__‘ert!ebral and non-vertebral fractures and

#es b

increased vertebral, femoral, and totai-body BMD

e

A negative issge_of_using_of_hED:Lis_lhe [ncrease m risk of osteosarcoma, tested
in Fischer rats (Vahié et al., 2004). Because of this unexﬁ;ected finding, treatment of
hPTH in severe osteopbrotic postmenopausal women was determined. Osteosarcoma
was found withtallidoses, andiif the lbwer-dase! ranges it"was first detected after 20
months of therapy. Because of the incidence of osteosarcoma in rats, patients who
might be, andncreased risk-ef osteosareoma,rsuch,as Paget s diseaserand those having
prior radiation therapy of the skeletal, bone metastasis,” hypercalCémia should not
receive hPTH therapy. The safety and efficacy of PTH treatment, longer than 2 years,

has not been evaluated, use of this drug for more than 2 years is not recommended.

As mentioned above, the antiresorptive agent can reduce the bone resorption,
but it does not increase the bone formation. The anabolic agents can induce a new

bone formation, but their side effects and cost are the main issue to be concerned.
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Therefore, the agents which can induce bone formation, no side effects, and cheap

should be sought. The indigenous herb is becoming one of the choices.

2. Phytoestrogens

Phytoestrogens are natural compounds found in plants. They are non-steroidal
compounds and can exert estrogenic and anti-estrogenic effects on the target organs
after binding to the ERs (Terragaux, 2003). Fhe siructure of phytoestrogens is similar to
those of endogenous estrogens becausg they -have aromatic ring with hydroxyl group,
and nearly identical distantexisi-between two hydroxyl groups (Murkies et al., 1998;

Chen and Anderson, 2002). (Figure2.6) vl'l

Phytoestrogens can be Cla's(siﬂew'd"'into 4 classes; isoflavones, coumestans,
lignans and stilbenes. Isoflavones are‘con'giderably the most important phytoestrogens,
especially genistein and daidzein, The mé}qu sources of isoflavones are present in soy
and soy products, such as tofu, SdeyoghUFp{a.r'wd say noodle. Isoflavones found in food
are in glycoside form, such as'i"gefnistin ar@éﬁ‘éidzin, and they were metabolized by
intestinal glucosidase enzyme"tola"glycosidé:?‘féi’m, genist_ein and daidzein. Following
absorption, isoflavone%andepg@—therhepaﬁerewjggaﬂen—té glucuronic acid or sulphate
and produce form;xvthat excreted in urine and feoé; The serum and urinary
concentrations  of isoffévones increase in time after _Consumption, indicating that
absorption octurs! int’a dase/ dependent. manner (Ebeling. and Akesson, 2001).
Isoflavones havé!beneficial effects for health when consumed at optimal doses. They
can preventta Cardiovascular-diseasel) breast cancer and: osteoporasis and decrease

menopausal symptoms, such as hot flush (Yamaguchi, 2002; Benassayag et al., 2002;

Cornwell et al., 2003).
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deoxymiroestrol, mirificoumestan) and 17f- estradiol.

3. Estrogenic and anti-estrogenic activities of isoflavones

The estrogenic and anti-estrogenic effects of isoflavones are achieved via ERs.

They have a higher affinity for ERP than the ERa. Isoflavones bind to ERs in the cytosol
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and form an isoflavone-ER complex, translocate into nucleus, activate the estrogen
responsive element (ERE), which involved in the regulation of mRNA synthesis and the
production of new proteins. In the culture of human endometrial cells, high
concentrations (10'8— 10° M) of isoflavones showed the estrogenic activity by increase in
cell proliferation and ALP activity. However, they showed an anti-estrogenic activity
when co-incubated with estradiol (Kayisli et al., 2002). Genistein induced the
proliferation of human MCF-7 breast cancer cells. In the animal study, genistein,
daidzein, and equol significantly increased uterine weight in OVX rats (Ishimi et al.,
2000; Picherit et al., 2000).-Genistein and’ dajdzein increased uterine epithelial cell

height and uterine gland numbers in immMature fice (Jefferson, 2002).

The estrogenicreffecis of phytoestrogens on bone have been reported, as an
i

anabolic effect on bonée metabolism (Yamaguchi and Gao, 1998; Gao, 1999). In bone

cell culture, genistein (10 _#of I\/I) mdueed a significant increase in calcium content
and ALP activity, a bone formation markef Yamaguch| and Gao, 1998). In MC3T3-E1
cell culture, genistein (10' e M) and daldzeln (10 ~10° M) caused a significant
increase in cell proliferation, ALP aCthlty and DNA content (Sugimoto and Yamaguchi,
2000). Isoflavones could also |nh|b|t the osteoclast cell formation from bone marrow

cells and st|mu|ated apopt05|s of these cells (Gao 1999) In OVX rat and mice,

administration of gemsteln and daidzein could prevent bone loss caused by estrogen

deficiency, in the dose-dependent manner (Ishimi et al., 1999; 2000; Picherit, 2000).

The therapeutic effects'of isoflavones on esiablished: boene loss have also been
investigated. Inl1 2000, Picherit and co-workers studied the effects of soybean
isoflavenes’ on Ostedporosis, in;OVX Irats! After-ovariectomy| fon 80ydays, the OVX rats
were treated with soybean isoflavone for 84 days. The results indicated that the BMD
and trabecular bone area were greater in isoflavone fed rats than in the OVX rats. In
2006, Devareddy et al. examined the effects of isoflavones in the form of soy protein on
the improvement of micro-structural architecture of trabecular bone which was induced
by ovariectomy for 90 days. After 125 days of treatment with soy protein mixed with
isoflavones, none of the treatment groups showed the improvement of BMD or micro-

architectural properties of the lumbar vertebra. However, the BMC and BMD of tibia
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were increased, though it was lower than that of the sham group. These results
indicated that the soy isoflavone consumption could prevent bone loss but did not

reverse an established osteoporosis.

4. Pueraria mirifica Airy Shaw & Suvatabandhu

P. mirifica, an indigenous Thai herb, is known in Thai as “white Kwao Krua”
(Figure 2.7). It has been used in a traditional medicine for a long time as a rejuvenating
agent and hormone replacement therapy-ior—elderly. It belongs to the family
Leguminosae, subfamily-Papilincideae as soy does. Phytochemical studies have shown
that the tuberous root-ef P. _mirifica contains various kinds of phytoestrogens, such as
miroestrol, puerarin, ceumestrol, daidzinL daidzein mirificin, mirificoumestan, genistin,
genistein and kwakurin{Popé and John 1960 Chansakaow et al., 2000; Ingham et al.,
2002; Cherdshewasart et al., 2007 200’8) The compounds that make P. mirifica
different from other phytoestrogen" contaihrng plats in the family Leguminosae are
miroestrol and deoxymlroestrol The estrogemc activity of miroestrol was previously

estimated to be about 0.25 tlmes of 17B —estradlol tested by vaginal cornification assay

e

in rats (Jones et al., 1961). Deoxym|roestrol possessed stronger estrogenic effects on

MCF — 7 human breasl/cancer cells than the miroestrol (Matsomura et al., 2005).

Several pharméeological studies of P. miriﬁca’mostly concerned about its
estrogenic activities in @nimalst Feeding/P.“mirifica’powdetsuspended in water to OVX
rats stimulated “the proliferation of vaginal epithelium and uterus endometrium and
reducedyserum kH andiFSH devels (Malaivijitnond et ialy 20047,2096)x The reduction of
serum FSH and LH levels has also been investigated in cyclic and aged menopausal
monkeys. P. mirifica suppressed folliculogenesis and ovulation in adult female monkeys
after a single or long-term feeding (Trisomboon et al., 2004; 2005). In menopausal
women, daily consumption of P. mirifica powder at a dose of 200 mg/day can relieve
climacteric symptoms, such as hot flushes, frustration, sleep disorder and skin dryness

(Muangman and Cherdshewasart, 2001). In addition, P. mirifica showed the anti-
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proliferative effects on the growth of MCF-7 cells, breast cancer cell lines

(Cherdshewasart et al., 2004; 2007).

Figure 2.7 The Puerari

compounds contain.

The beneficial eff

2004, Trisomboon, et

They reported that treaﬁveh’t' S Of 10ﬂ 00 and 1,000 mg/kg BW/day

for 90 days in ORX an% OVX rats S|gn|f|cant prevents bone loss in trabecular and

cortical bone ﬂhu Elm’}% Eﬂ@nﬁ QN %Tﬁq ﬁ%ﬁependently Based on

these results, P! mirifica should be potentially useful for preventlon of osteoporosis
causeﬂyﬁf?]oﬂoq ﬁf?mwmmeﬁgm(ﬁf]oﬁ H‘o&s is a silent
disease and many patients are unaware of the onset of this disease. They always come
to the hospital when bone loss is on the serious stage or bone fracture occurs. At this
point, the therapeutic agents are necessary. However, the cost of the drugs for
osteoporosis is very expensive and the side effects are concerned. Therefore, the
therapeutic effects of P. mirifica on ovariectomy—induced osteoporotic rats were

investigated in this study.
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5. Animal model for the study of bone loss

There is a great need to characterize the available animal models for the study
of postmenopausal osteoporosis, to understand the pathogenesis of the disease, and to
investigate the new therapies. The animal model to study the estrogen deficiency-
induced osteoporosis should be able to reflect changes in human bone. The Food and
Drug Administration (FDA) guideline ‘has fappropriately designed the need for rat
experimentation in the preclinical evaluation®oiwagents used in the prevention or
treatment of postmenopaual osteoporosié". The OVX'rat'is an excellent preclinical animal
model that correctly emulaies the impartant clinical feature of the estrogen depleted
human skeleton and the_sresponse: of thlérapeutic agents. They have trabecular bone

remodeling at the site whieh is similar-io those seen in human trabecular bone and the
anatomy of their skeletal has many simrilariﬂ}eswvith the human skeletal (Mosekide, 1995).

i<

The site-specific development of frabecular osteoporosis is one of the most
i - ?
¢ i ,
reproducible biologic responses. in skeletal research. The predominant cellular activity
& J ok o2 2dd

on endoosteal (trabecular) bo;\e surface T_r?'remodeling. Though the cortical bone

=

displays a low level of; intracorﬁcai femodeling in rats (Jee and Yao, 2001), because of

the lack of Haversian__éystems, another limitation is the abéence of impaired osteoblast
function during the latel stages of estrogen deficiency (Wronski and Yen, 1991). The
major drawback of the rat skeleton is that some bones retain lifelong growth and do not
fuse epiphyses. Longitudinalrbone growth ingreases transiently after OVX in rats, but this
can be minimized by the use of 6 to @ month olds rats. At the 6 to 9 months of age, rats
bone mass in corticalvand trabecular, compartment of the|longitudinal bone reach a
plateau or show slow increase in growth. The ovariectomy in 6 months old rats showed a
similar phenomenon of bone loss as those found in menopausal women (Urasopon et
al., 2008). Therefore, this study used rats at the age of 6 months old as an animal model
for the study of the therapeutic effects of P. mirifica on osteoporosis induced by

estrogen deficiency.



CHAPTER I

MATERIALS AND METHODS

The experiment was divided into 2 periods as follows (Figure 3.1);

1. Bone loss induction; to examine the effects of ovariectomy on the induction
of bone loss in female rats

2. Treatment; to examine the therapettic effects of P. mirifica on ovariectomy-

induced osteoporatic rats .

Spragle Cowley rats (6 monthe.dd) D,
SH{h =13)
AN XD =45
Bone logé induction pefod |, 90.days
Autopsy i ik Treatment O,
SHM=5) = T SH (n=8)
OV (n=5) " = - fONX (n=4D)

Treatment pﬂiad 90 day =

| i

SH {n=E} ‘Pl'n‘lﬂ (n=B}{ |PMI0 n=EN | PMIOD {n=E) L IPMADDD {n=E}| | EE (n=E}

"-. " Autopsy 90 days . '..-'*
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)
L

Meazurements of organweights, BMD, BMC, 22BA, serum ALP and TRAP levels
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Figure 3.1 The diagram shows the experimental design of the study. SH = sham
operated rats, OVX = ovariectomized rats, PM = P. mirifica, D = day of the experiment,
%BA = %trabecular bone area, BMD = bone mineral density, BMC = bone mineral

content, ALP = alkaline phosphatase, TRAP = tartrate resistant acid phosphatase.
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1. Animals

Two months old female Sprague-Dawley rats were obtained from the
National Laboratory Animal Center, Mahidol University, Nakhon Pathom, Thailand. They
were housed in stainless steel cages with sawdust bedding, 5 animals/ cage, in a room
with 12-h light/ 12-h dark cycle and room temperature about 25 + 2 °C at the Primate
Research Unit, Department of Biology, Faculty of Science, Chulalongkorn University.
The animals were fed with a standard rodent diet (C.P. 082, Lot No. 17 S. W. T. Co., Ltd,
Thailand) for 3.5 months or until they were 5:5months old. Two weeks in advance and
during the experimental period; rats were fed asoy=bean free rat diet (C. P. 082G/SBF,
Lot No. 080101, S. W. T. Cos'Lid, Thailand) to minimize the phytoestrogens content in
the diet. The isoflavone .eontents ‘and ingredients of the standard rodent diet and

soybean-free diet are showf infTable 3.1 and 3.2.
5
Table 3.1 Isoflavone eontents of the sténdard rodent diet and soybean-free diet

(Usasopon et al., 2008).

)
F I

Sample 1+ |soflavenes (mg/ 100 g sample)
Daidzin: Daidze'[pT.:_: _Genistin Genistein Total
Rodent diet
(C.P.082)
Lot no. 2 20.7+0.6 10.2+3.4 | 38.6x2:6 1.40.7 70.9+£3.0
Lot no. 10 12.2£0.2 4.5%0.6 20.70.9 1.2+0.3 38.62.9
Lot no. 18 26.2+0.9 9.141.0 362+1.1 0.9+0.6 72.4+3.7
Lot no. 21 13.7+0.8 5,4+0.3 92.7+0.8 0.8+0.5 42.5+0.8
Lotina: 24 18.8£1/8 1| M1010£0.2 || 28.8#3.5 0:4%0.1 58.05.6
Soybean-free diet
(C.P. 082/SBF)
Lot no. 050119 0.940.1 3.0£0.1 2.2+0.1 nd 6.1£0.2

nd = not detected
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Table 3.2 Ingredients of the standard rodent diet and soybean-free diet.

Ingredients Percentage of diet

Standard rodent diet Soybean-free diet
Moisture 6.69 4.64
Protein 27.6 28.9
Fat (Ether extraction) 2.45 2.94
Fat (Acid hydrolysis) 8.36 10.8
Fiber 369 2.98
Ash +5.98 4.52
Calcium N 0.91
Phosphorus Y0.93 0.792
Sodium Chloride 4k 0.44
Vitamin D 4,000 lLil /*kg feed 4,000 i.u. / kg feed

dad

I"-T.:f-'_,

To minimize the inciéase in bocﬁé\;\f;ﬁiight caused by ovariectomy (Mcelroy
and Wade, 1987), the food consuniption of O\/Xm’ts was adjusted weekly to the level of
the sham-operated rat’is—eeﬂsamﬁﬂen.—WateF and rat diet-welre supplied ad libitum. The
experimental protocél ‘was approved by the Institutior;él Animal Care and Use

Committee of Facultyw of Science, Chulalongkorn Unil/ersity (Protocol Review no.

0823003).

2. rExperimentahdesigns

At 6 months of age, 58 of rats were collected the blood samples by cardiac
puncture and this day was designed as day 0 (D,). Rats were divided into 2 groups;
sham control (n=13) and ovariectomy (n=45). Before starting the operation, food was
withdrawn from the animals for 12 hours. In the ovariectomy or OVX group, rats were
bilaterally ovariectomized from a dorsal approach. In the sham control or SH group, the

procedures were repeated except that ovaries were not cut out. They were kept for 90
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days after the surgery to induce bone loss (the bone loss induction period) before

submitting to the next step of the study (Urasopon et al., 2007, 2008a).

After 90 days of the bone loss induction period, 5 rats in each group (SH and
OVX groups) were randomly selected and euthanized. Their right tibia, femur and
lumbar vertebra were defleshed from the adjacent tissues, wrapped in saline-soaked
guaze to prevent dehydration, and stored frozen at -20°C in ziplock until BMD and BMC
were measured to confirm the ovariectomysinduced bone loss (Urasopon et al., 2007,
2008a). Their left tibia was defleshed from the.adjaeent tissues, fixed in 10% phosphate
buffer formalin and manipulated for hist‘élogical examination. The uterus was removed
and weighed. The remainingsfats‘in the SH group (8 rats) and OVX group (40 rats) were
subdivided into 6 groups {8 rats/group) aé follows;
1) Sham control rats fed with distilledwater (SH)
2) Ovariectomized rats fedwith distilled w%era_,(PMO)
3) Ovariectomized rats fed with 10 mg/kg BW{dgy of P. mirifica (PM10)
4) Ovariectomized rats fed with 1OQ_@g/kg B)N[day of P. mirifica (PM100)
5) Ovariectomized rats fed with 4,000 mg/kg@ﬂday of P. mirifica (PM1000)
6) Ovariectomized rats fed with-0:1 ng/kg BWiday ef 170-ethinylestradiol (EE)

The treatmeht‘ period was 90 days. In SH and PI\/ICﬁ)Zlgroups, rat were gavaged
daily with 1 ml of distilled water. In EE group, rats were gavaged daily with 0.1 mg/kg
BW of 17 O- jethinylestradial.“ln the "M10; PM100; and®-PM1000 groups, rats were
gavaged daily with 10, 100 and 1,000 mg/kg BW of P. mirifica in 1 ml distilled water,

respectivelysThe rats weresgavaged ati08.00410:00°AM using agastricifeeding needle.

During the experimental period, all rats were weighed once a week and these
body weights were used to adjust the quantity of P. mirifica or 17 O- ethinylestradiol
treatment. At the end of 90 days of experimental period, all rats were sacrificed. Their
right tibia, femur and lumbar vertebra were defleshed from the adjacent tissues,
wrapped in saline-soaked guaze to prevent dehydration, and stored frozen at -20°C in

ziplock until BMD and BMC were measured. Their left tibia were defleshed from the
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adjacent tissues, fixed in 10% phosphate buffer formalin and manipulated for

histological examination. The uterus was removed and weighed.
3. Blood collection

Blood samples were collected on day 0 and every 30 days throughout the bone

D D and D

loss induction period (D,, D 1200 P1sos 180)-

and Dy,) and treatment period (D

30? 60’

Blood samples were collected by cardiac jpouncture under ether anesthesia. After
sampling, the blood was chilled on ice immediately.and centrifugued at 2,500 rpm for 15
min at 4 °C. The serum was-removed and kept at -20 °C for the determination of ALP

and TRAP 5b levels.
1
4. The preparation of P. mirifica suspension
’ } "
The tuberous roots of Pi mirifica used in this study were the P. mirifica cultivar

Wichai Ill, which were collected fram the '_.fij,e__ld' in Chiang Mai Province, Thailand. The
voucher specimen of P. midfica was deposite_‘_d_;:at the Herbarium of the Department of

Botany, Faculty of Science, Chulalongkorn Uﬁi._‘v_gts_ity, Bangkok, Thailand. The same lot

of tuberous roots of<P, mirifica was washed, sliced and ;éompletely dried in a hot-air

oven at 70 °C. The ‘d‘ri“ed tuberous roots of P. mirifica wer'e"ground into a powder at a
size of 100 Mesh. The Suspension of P. mirifica was freshly prepared by suspending the
P. mirifica powder din distilled, waters The rats-were gavaged-daily with the suspension of
P. mirifica at a dose"of10, 100 or ;000 'mg/kg BW-in 1ml of distilled water. The dose
range used .n this.study was.followed, the previous study, in.which the low dose (10
mg/kg BW/day) significantly prevented bone loss*in 'the*@VX'and ORX rats and the
doses of 100 and 1,000 mg/kg BW/day completely prevented bone loss (Urasopon et
al., 2007, 2008a).
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5. The preparation of 17 O—ethinylestradiol solution

The 17 O~ethinylestradiol powder (98 % purity, HPLC grade, Sigma, St. Loius,
MO) was weighed and dissolved in a small volume of absolute ethanol. After the powder
was completely dissolved, the distilled water was added and the solution was allowed to
stand at room temperature to evaporate the ethanol. The stock solution was then diluted
with distilled water to give a final dose of 0.1 mg/kg BW/day/ 1 ml of distilled water. The
stock 17 O — ethinylestradiol solution was/ kept in the dark bottles at 4 °C until the
feeding time. The oral dose of 0.1 mg/kg BW/day.of 170—ethinylestradiol used in this
study was previously reported to prevent bone loss in OVX and ORX rats and the effect
of this dose was equivalent tethedose of 100 mg/kg BW/day of P. mirifica (Urasopon et
al., 2007, 2008a).

6. Uterus weights _

After euthanized the rats, the uteru.js,;,wés dissected, the connective tissue was
removed, and the organs were weighed. The relative uterus weight (%) was obtained by

the division of the uterus weighthy-the body. -weightx 100.

7. Serum total alkaline phosphatase (ALP) assay

Serum ALP. is an index ,of bone, formation. Serum. samples were sent to the
Faculty of Veterinary' Technology, “Kasetsart University 'for ‘the determination. In this
assay, ALP functions as an enzyme“in the enzyme=linked immundassay (EIA) system.
ALP catalyzes thehydrolysis of lorthophosphoric monoester, and’delivers phosphate
and corresponding alcohols. If the phosphoric ester is electro-inactive while the
enzymatic product is electro-active in the working potential range, electrochemical
methods can be used for detection. In this experiment the determination of ALP activity
is conducted with p-nitrophenylphosphate (oNPP) as the substrate. The ALP catalyzed

reaction process is shown below;
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ALP
p-nitrophenylphosphate + H20 —— phosphate + p-nitrophenol
4—

In the test, the well plate was coated with an antibody specific to rat ALP and
incubated for 60 min. Then the plate was washed by washing buffer. After washing,
standard, control, and serum samples were pipette and incubated in the wells for 2
hours at 37 °C. The liquid of each well was removed. The substrate solution was added
to all wells and incubated for 1 hour at 37 °C. The stop solution was added to each well.
The ALP activity was determined with the color developed by a chromogenic substrate.
The enzyme activity was determined as the«€hange of absorbance at 450 nm. The
coefficient variations (%CVs) of the intra and inter-assay of ALP were 2.8% and 6.3%,

respectively.

8. Serum tartrate-resistant'acid phosphatase 5b (TRAP 5b) assay

_—

;‘ N
TRAP-5b is typically expressed in osteoclasts and then secreted into blood

circulation. Therefore, serum TRAP 5b has been regarded as a useful marker for bone
resorption. Rat TRAP 5b EIA features hlgh,spj_aecmolty for the 5b isoform of TRAP in
serum. By utilizing specific monogclenal antipTQQies_ to capture the 5b isoform, it avoids
interference from TRAP 5a, which is not specific for bone resorbing osteoclasts. Rat
TRAP 5b detects the enzyme activity of TRAP 5b “based on the enzymatic
immunocapture assay method (EIA). A monoclonal antibody to rat TRAP 5b with high
specificity for ~active ARAR Bb, is;allewed sto; react, with ~the sample. After the
immunoreaction,, bound=TRAP "5b"activity is measured by addition of p-nitrophenyl
phosphate (oNPP) as a substrate.

Rat 'serum samples'were analyzed' by ‘RatTRAP ™ Assay Kit{IDS-Ltd. UK; Lot No.
6482, UK). The protocol was followed the instruction provided by the Immunodiagnostic
System Limited, UK. In the test, the monoclonal antibody of rat TRAP is incubated in
anti-mouse 1gG-coated microtiter wells for 60 min. Then the plate was washed by
washing buffer. After washing, standard, control, and serum samples were incubated in
the wells for 60 min. The bound TRAP 5b activity was determined with a chromogenic

substrate to develop color. The reaction was stopped and the absorbance of the
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reaction mixture was read by a microplate reader at 405 nm (Songlin et al., 2009). The
coefficient variations (%CVs) of intra and inter-assay of TRAP 5b were 3.64% and

4.18%, respectively.

9. Bone histomorphometry

After rats were sacrificed, the left proximal tibia was defreshed and placed in
10% phosphate buffer formalin for,at least 72 hours. Bones were cut into a small size
and then decalcificed in EDTA — G solution (EDFA disodium salt 14.50 g, NaOH 1.25 g,
glycerol 15 ml and distilled.water 100 ml) for-4.weeks by changing EDTA — G solution
every week. After 4 weeks, the'decalcified bones were dehydrated in series of ethanol
gradient and clearing in xylenes They vvére then embedded in paraffin, cut into section
of 5 um thickness, and stained with He.?patoxylin and Eosin (H&E) (Urasopon et al.,

2007, 2008a). The slides were analyzed .Tjnger the light microscope (ZEISS: Axiostar

¥ v,
plus) and photographeditising a digital camera

-
iy
'

add 3 K

The Digital Image ‘Progessing Sofiv_\_kgf:e Image Pro (Plus Software Media

Cybernatics, Inc., USA) was_ . used f_cﬁ.__'gu_antitative bone histomorphometric

measurements. The.studied region of proximal tibia meté‘.p_hysis was trabecular bone

between 2 and 4 mrﬁ‘éli_stal to the growth pIate-epiphysea{"']'l'j'nction (Figure 3.2). In each
section, 4 non-overlapped windows of 1x1 mm’ were determined, and 5 sections in
each rat were selected.for the study (Figure-3:3); Then-the-total trabecular bone areas
were summed‘up (Modified“from"Cui et al.,"2004)."The percentage of trabecular bone
area (%BA) was_expressed by the sum of trabectfar bone area/ sum. aof bone area (or

total area), and ther multiplied ©y“100 as'shown in the following equation;
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% Trabecular bone area (%BA) = (Sum of trabecular bone area x 100)

(in each section) Sum of the bone area

Trabecular bone area of each rat is an average value of %BA of 5 sections as

shown in the following equation;

2 mm

4 mm

Figure 3.2 The studied regigof proximal tib@netaphysis was trabecular bone between

2 and 4 mm diH %Er@\hﬂaﬂwhﬁ Wﬂ ’] ﬂ ‘j

(Available from: ia‘l'dp JIwww., chlnaphag.oom/1671 4083/25/678 pdf

awwaﬁﬂmumwmaﬂ
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Figure 3.3 The image of trabecular bone of tibia metaphysis (A) and the measurement
functional tool was used to calculate the trabecular bone area (Plus Software Media

Cybernatics, Inc., USA) (B, C).
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10. Bone measurement

BMD and BMC were measured using a peripheral Quantitative Computed
Tomography (pQCT) (Figure 3.4). The pQCT can measure a 3-dimension image of bone
and can provide a real volumetric density. The determination has been performed both
in axial and long bones, in cortical and trabecular compartments, at metaphyseal and

diaphyseal sites as follows (Figure 3.5);

Tibia: Proximal tibia metaphysis (TN) was eross-sectionally scanned at 2, 2.5
and 3 mm below the growth-plate of the'tibia. Tibia-diaphysis (TD) was scanned at the
midpoint (50% of the length ofdibia) and at both sides of the midpoint, 1 mm apart.

)

Femur: Distal femur metaphysis (FM) was cross-sectionally scanned at 2, 2.5
and 3 mm above thefgrowth plate and femoral diaphysis (FD) was scanned at the
midpoint (50% of the length of the femur) a;d at both sides of the midpoint, 1 mm apart.

<)
F I

The fourth lumbar vertebra (L4): Four;t@:lumbar vertebra was cross-sectionally

scanned at the midpoint ofp_@nio«caudal'ﬁ_c_)[igi_tudinal axis and both sides of the

midpoint, 1 mm apagt-from the midpoint along the Iongitud_iﬁa_l axis of the vertebra.

The trabecular"compartment was determined by+~the contour mode 2 and peel
mode 2 with the threshald-value of ;750 mg/cms, and=thescortical compartment was
determined by the"separation mode 2" with”the threshold value of 900 mg/cms. After
completion. of, the scanning, the parameters. were-analyzed. for each_bone slice using
XCT- 5.50E "software (Stratec Medizintechnik ' GmbH!, “Germany): “trabecular bone
mineral density (TbBMD), trabecular bone mineral content (ToBMC), cortical bone
mineral density (CtBMD), and cortical bone mineral content (CtBMC) for the TM, FM and
L4; and CtBMD and CtBMC for the TD and FD. The average of three scans made at all

bone sites described above was analyzed (Urasopon et al., 2007, 2008a).
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|
ARG

Figure 3.4 Peripheral Quantitative Computed Tomography (pQCT) (A) and bone
scanning by pQCT (B).
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Scanning line

Scanning line

Figure 3.5 The longitudinal preview of bone scanning at proximal tibia metaphysis (TM)
(A), middle length of tibia or tibia diaphysis (TD) (B), metaphysis of femur (FM) (C),
middle length of femur or femoral diaphysis (FD) (D), middle length of fourth lumbar

vertebra (L4) (E), using pQCT.
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11. Data analysis

The result was reported as mean + SEM. The significant differences between
groups were examined by one-way analysis of variance (ANOVA). LSD Post-Hoc test
was used for multiple comparisons among groups. The statistical differences were
considered at the probability level (p-value) of lower than 0.05 (p < 0.05). The Statistical

Packages for Social Science (SPSS) version 15.0 was used.
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CHAPTER IV

RESULTS

1. Changes in body weights and relative uterus weights

1.1 Body weights

The body weights i &rimental periods are shown in

Figure 4.1. There wer 1t diffe n initial body weights (Day,)
between SH and OV . 0 Day,, the mean body weights
highly increased over OVX (PMOQ) rats and showed
a highly significant dif e point (p<0.05 and p<0.001),

riod. After 90 days of P. mirifica
treatment, the body weights o ; e \\ d, in a dose dependent manner.
The body weights of PM10 v ificantly different from those of the OVX
(PMO) group throughout the treg roc reas it was lower in the PM100 group,

starting from 28 day$ lent perioo dy/weights of EE and PM1000

‘ arting from 2 weeks of the

groups were significantl
treatment period. The @dy weights of SH rats were slighm increased in the last 90 days

of the study period, but showed no ﬁnlﬂcarldlfferenoe from D, (p>0.05).
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Bone loss induction Treatment
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Figure 4.1 Body weights in sham operated rats (SH) and ovariectomized rats (OVX)
treated with 0.1 mg/kg BW/day of esthinylestradiol (EE), or P. mirifica powder
suspension at 0, 10, 100 and 1,086 mg/kg BW/day (PM0O, PM10, PM100 and PM1000,
respectively) for 90 days: The data are expressed as.only-the mean because the SE
values were overlappéd and difficult to understand, except for the SH group. *, ** = p <

0.05 and 0.001 compared to the SH group.
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1.2 Relative uterus weights

The relative uterus weights are shown in Figure 4.2. Ninety days after
ovariectomy, the relative uterus weight was decreased by 81.46% in comparison with
the SH,, rats (p<0.001). After the rats were kept for the further 90 days, the relative
uterus weight in the OVX (PMO0) group was significantly lowered than that of the SH,,
group (p<0.001). Ninety days after treatment with PM10, PM100 and PM1000, relative
uterine weights were significantly dose-dependently increased by 30.30%, 62.64% and
77.38% over that of the PMO rats (p<0.001)./The EE treatment significantly increased a
relative uterine weight by 78:86% over the PMO rais(p<0.001). In addition, the relative
uterine weights of the PMA000 and EE rats were higher than that of the SH,, rats by

42.06% and 21.37%, respectively:

+—— 90 dayse—os 180 days
0.30

-

= . s

0.25 -
0.20 -
ab
0.15 -
0.10 -

0.05 "

Relatlve welghts of uterus

0.00 - T r | =T T

SH OvX SH EE PMO © PM10-, PM100 PM1000

Figure 4.2 Relative weights of uterus in sham operated rats (SH) and ovariectomized
rats (OVX) at 90 and 180 days after surgery, and the 90-day OVX rats treated with 0.1
mg/kg BW/day of esthinylestradiol (EE), or P. mirifica powder suspension at 0, 10, 100
and 1,000 mg/ kg BW/day (PMO0, PM10, PM100 and PM1000, respectively) for 90 days.
Data are means £ SEM. ** = p < 0.001 compared to the SH group. Means that do not

share the same super script letters are significantly different from each other.
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2. Changes in bone mineral density, bone mineral content and bone histology
2.1 Bone mineral density after ovariectomy

The trabecular bone mineral densities (ToBMDs) in proximal tibia metaphysis
(TM), distal femoral metaphysis (FM) and the fourth lumbar vertebra (L4) for SH and
OVX groups at 90 and 180 days after surgery are shown in Figure 4.3. The influence of
ovariectomy on BMD was expressed by comparison between the SH and OVX groups
after ovariectomy for 90 and.180.days. After ovariectomy for 90 days TbBMDs in TM, FM
and L4 were significantly decreased |(p<0.01) by 36.86%, 35.20%, and 19.55%,
respectively, when compaged (o'the SHQO"Lrats. After ovariectomy for 180 days TbBMDs
in TM, FM and L4 were _significantly- decreased (p<0.01) by 38.24%, 42.24%, and
12.58%, respectively, wheniCompared to Eﬁe{SHmo rats. Increasing in age of rats from 9

4
months (SH,,) to 12 manths (SH. ) old, TBBMDs in TM, EM and L4 tended to decrease

180)
by 4.78%, 3.45% and 2.75%, respeojtively, wi?,h no significant differences (p>0.05).
akd vl

7l
e

The cortical bone mineral densities (,Cﬁ_B_IYI_Qs) in proximal tibia metaphysis (TM),

distal femoral metaphysis (FM), the fourth lumbar vertebra;{l_,é,l), tibia diaphysis (TD) and

femoral diaphysis (FD) for SH and OVX groups at 90 and™80 days after surgery are
shown in Figure 4.4. The ovariectomy for 90 days did not'ebviously affect the CtBMDs of
L4, TD and FDsexcept fot=IM, and FM. The CiBMDs.of M _.and FM were significant
decreased by '2.96% and 3:82% (p<0.05),“respectively, when' compared to the SH,,
rats. After OVX for 180 days, the CtBMDs_ of TM,EM, L4, TD and_FB were significantly
decreased by 5.67%, 4.96%, 2.60%, 2.:64% 'and 4.69% (p<0.00%) when compared to

the SH, 4, rats. Increasing in age of rats from 9 months (SH,, group) to 12 months (SH

180 180)

old increased the CtBMD of TM by 5.07% and increased in the CtBMD of FD by 2.03%
(p>0.05).
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Figure 4.3 Trabecular bone mineral densities (TbBMDs) of tibia metaphysis (TM), distal

femoral metaphysis (FM) and the fourth lumbar vertebra (L4) in sham operated rats (SH)

and ovariectomized rats (OVX) at 90 and 180 days after surgery. Data are means *

SEM. Means that do not share the same super script letters are significantly different

from each other (p<0.01).
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Figure 4.4 Cortical bone mineral densities (CtBMDs) of TM, FM, L4, TD and FD in sham
operated rats (SH) and ovariectomized rats (OVX) at 90 and 180 days after surgery.
Data are means + SEM. Means that do not share the same super script letters are

significantly different from each other.
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2.2 Bone mineral density after EE or P. mirifica treatment

The trabecular bone mineral densities (TOBMDs) in proximal tibia metaphysis
(TM), distal femoral metaphysis (FM) and the fourth lumbar vertebra (L4) in SH and OVX
rats at 90 days after surgery and treated with EE or PMO, PM10, PM100 and PM1000 for
90 days are shown in Figure 4.5. Treatments of PM100 and PM1000 significantly
prevented the decrease in ToBMDs of FM and L4 (p<0.05), but did not in TM (p>0.05).

The preventive effect of EE was sigt comparable to that of the PM100 and

PM1000 in FM and L4. EE di ive effect on TM as well.

femur diaphysis (FD) reits 90 days after surgery and treated with EE or
‘Figure 4.6. Effects of PM10,
PM100 and PM1000 a —E sic '_ pre d the decrease in CtBMDs of
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Figure 4,5 Trabecular bone ‘mineral densities (TOBMDs) of tibia" metaphysis (TM), distal
femoral metaphysis (FM) and the fourth lumbar vertebra (L4) in sham operated rats (SH)
and ovariectomized rats (OVX) at 90 days after surgery and treated with 0.1 mg/kg
BW/day of esthinylestradiol (EE) or P. mirifica powder suspension at 0, 10, 100 and
1,000 mg/kg BW/day (PMO, PM10, PM100 and PM1000, respectively) for 90 days. Data
are means = SEM. Means that do not share the same super script letters are

significantly different from each other.
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operatecﬂrats SH) and ovariectomized rats (OVX) at 90 days after surgery and treated
with 0.1 mg/kg BW/day of esthinylestradiol (EE) or P. mirifica powder suspension at 0,
10, 100 and 1,000 mg/kg BW/day (PMO, PM10, PM100 and PM1000, respectively) for 90
days. Data are means + SEM. Means that do not share the same super script letters are

significantly different from each other.
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2.3 Bone mineral content after ovariectomy.

The trabecular bone mineral contents (TbBMCs) in proximal tibia metaphysis
(TM), distal femoral metaphysis (FM) and the fourth lumbar vertebra (L4) in SH and OVX
rats at 90 and 180 days after surgery are shown in Figure 4.7. After ovariectomy for 90
days the TbBMCs of TM and FM significantly decreased (p<0.05) by 29.56% and
16.96%, respectively, when compared to the SH,, rats, but not in the L4. Changes of
TbBMCs after ovariectomy for 180 days were similar to those of the 90-day ovariectomy,
that is, only ToBMCs of TM and FM were signiiicantly decreased (p<0.001) by 31.69%
and 36.71%, respectively,.when-compared to-the Sy, rats. Increasing in age of rats
from 9 months (SH,,) to 12 months(SH, ;) old had no effects on TbBMCs of TM, FM and
L4. \

The cortical bone mineral contzents_.,?(Qt:Bl\/ICs) in proximal tibia metaphysis (TM),
distal femoral metaphysis (FM), the fourth IElJ{nbar vertebra (L4), tibia diaphysis (TD) and
femoral diaphysis (FD) in 8H andJO:\/X ratsi_;éi é:o and 180 days after surgery are shown
in Figure 4.8. After ovariectomy'%&- 90 day‘:‘sigl}ly the CtBMC of L4 was significantly
decreased (p<0.05) by 17.8_8_%_)_>V\:/hen co%.@_;r_eg to the SH,, rats. However, after

ovariectomy for 180,days the CtBMCs of L4, TD and FD;Were significantly decreased

(p<0.05) by 27.07%;36.86%, and 7.30% when compared to the SH,,, rats. After
ovariectomy for 90 and*180 days, significant changes in CtBMCs of TM and FM were not
found (p>0.05)~Increasing.in age of rats, from-9 menths, to-12-months old significantly

increased (p<0.01)the €BMCs of TD ahd FD by 38.:66% and 4.50%, respectively.
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Figure 4.7 Trabecular bone mineral contents (ToBMCs) of tibia metaphysis (TM), distal

femoral metaphysis (FM) and the fourth lumbar vertebra (L4) in sham operated rats (SH)

and ovariectomized rats (OVX) at 90 and 180 days after surgery. Data are means *

SEM. Means that do not share the same super script letters are significantly different

from each other.
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Figure 4.8 Cortical bone mineral contents (CtBMCs) of TM, FM, L4, TD and FD in sham
operated rats (SH) and ovariectomized rats (OVX) at 90 and 180 days after surgery.
Data are means + SEM. Means that do not share the same super script letters are

significantly different from each other.
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2.4 Bone mineral content after EE or P. mirifica treatment

The trabecular bone mineral contents (TOBMCs) in proximal tibia metaphysis
(TM), distal femoral metaphysis (FM) and the fourth lumbar vertebra (L4) in SH and OVX
rats at 90 days after surgery and treated with EE or PMO, PM10, PM100 and PM1000 for
90 days are shown in Figure 4.9. Treatment of PM100 and EE significantly prevented
the decrease (p<0.05) in ToBMCs of FM by 32.84% and 36.05% when compared to the

’/}\) regions in other doses of P. mirifica

PMO rats. However, changes in

treatment were not found.

The cortical bo ts. s . rOX|maI tibia metaphysis (TM),
distal femoral metaph | \ X -- ), tibia diaphysis (TD) and
femoral diaphysis (F " 0 day er surgery and treated with EE

or PMO, PM10, PM100 \ hown in Figure 4.10. Treatment of
PM100 significantly pre décrease (p< u\ 1 CtBMCs of L4, TD and FD by
26.44%, 10.62% and 3.8 Ctiv .»_- C‘Q~ npared to the PMO rats. In contrast,

treatment of EE prevented e,‘%@gsg f BMCs of TM and FM by 7.57% and
26.57%, respectively, which w:e;ru- din P mirifica treatments, and also in CtBMC
_ =it S

of TD by 3.27%.
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Figure 4.9 Trabecular bone mineralicontents (TABVICs) of tibia metaphysis (TM), distal
femoral metaphysis (FM) and the fourth lumbar vertebra (L4) in sham operated rats (SH)
and ovariectomized rats (OVX) at 90 days after surgery and treated with 0.1 mg/kg
BW/day of esthinylestradiol (EE) or P. mirifica powder suspension at 0, 10, 100 and
1,000 mg/kg BW/day (PMO, PM10, PM100 and PM1000, respectively) for 90 days. Data
are means = SEM. Means that do not share the same super script letters are

significantly different from each other.
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Figure 4140 Cortical bone mineral contents (CtBMCs) of TM, FM, L4, TD and FD in sham
operated rats (SH) and ovariectomized rats (OVX) at 90 days after surgery and treated
with 0.1 mg/kg BW/day of esthinylestradiol (EE) or P. mirifica powder suspension at 0,
10, 100 and 1,000 mg/kg BW/day (PMO, PM10, PM100 and PM1000, respectively) for 90
days. Data are means £ SEM. Means that do not share the same super script letters are

significantly different from each other.
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1.3 The therapeutic effects of EE and PM on trabecular BMD (TbBMDs)

From the results presented previously, bone loss could be observed earlier and
greater on a trabecular compartment (Tb) than a cortical compartment (Ct), and on BMD
than BMC. Thus, changes on TbBMD should be a better marker to detect the
therapeutic effects of EE and PM in ovariectomy-induced osteoporotic rats. Regarding
the significant difference of TbBMDs between the P. mirifica treated groups and the
PMO (OVX,q,) group was mainly found:in the PM1000 group, thus only the ToBMDs of
PM1000 were selected for the determination«cisthe. therapeutic effects of P. mirifica by
comparison with the PM0O(OV:Xgs).- The determination-of the therapeutic effects of EE and
PM1000 on bone loss, based .on TbBMDs, was done only for the distal femur
metaphysis (FM) and the feurth lumbar Yertebra (L4) where the significant increase in
comparison with PMO (OVXg,,) was observed.

The therapeutie effects of PM1OOOT|Iéng EE in EM and L4 of OVX rats at 90 days
after ovariectomy are shown in' Figure 411 Treatments of PM1000 and EE were not
significant increase in ToBMD 01; FM (p>@JQ5) when compared to the PMO (OVX,,),
however, TbBMDs of L4 were s‘_igﬁ.i%icantly i:r:rg;jgased (p<0.05) by 4.61% and 5.043%,
respectively. ATk

1.4 The therépeutic effects of EE and PM on cortical'BMD (CtBMDs)

The therapeutic effeéets of PM1000%and EE on CtBMDs were determined at
proximal tibia metaphysis (TM), distal femur:metaphysic(FEM), tibia diaphysis (TD) and
femur diaphysis (FD) as shown in® Figure 4.12&JTreatment of BM1000 significantly
increased (p<0.05)in "CtBMD; ofy TM,EM, ' TD and FD by 3.06%, 6.78%, 1.50% and
13.46%, respectively, when compared to the OVX,, groups. Treatment of EE significantly
increased (p<0.05) in CtBMD of TM, FM, TD and FD by 3.08%, 4.58%, 1.93% and

11.11%, respectively, when compared to the OVX,, groups.
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Figure 4.11 The therapeutic effects of 1,000 mg/kg BW/day of P. mirifica treatment
PM1000) and 0.1 mg/kg"BW/day of esthinylestradiol (EE) on TbBMDs of distal femoral
metaphysis (FM) and [the fourth' lumbar| vertebra ((L4) in OVX rats after 90 days of
ovariectomy. Data are means + SEM. Means that=do not share the same super script

letters are significantly different-from.each other.
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Figure 4.12 The therapeutic effects of 1,000 mg/kg BW/day of P. mirifica treatment
(PM1000) and 0.1 mg/kg BW/day of esthinylestradiol (EE) on CtBMDs of proximal tibia
metaphysis (TM), distal femur metaphysic (FM), tibia diaphysis (TD) and femur
diaphysis (FD) in OVX rats after 90 days of ovariectomy. Data are means + SEM. Means

that do not share the same super script letters are significantly different from each other.
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2.5. Bone histology after ovariectomy and after EE or P. mirifica treatment

Bone histology in SH and OVX rats at 90 and 180 days after surgery are shown
in Figure 4.13. Histological sections revealed a normal trabecular conformation in SH
rats. The metaphyseal region was fully filled with trabecular bones and its connectivity
was intervened by small inter-trabecular spaces. After ovariectomy for 90 days, the
trabecular bone in OVX rats showed sparse and thinner trabeculare which was resulted

onfirms the success in the induction of bone

in greater inter-trabecular spaces. This

Jlap bone area in rats after OVX for 180

days was kept being red ) 'éﬂﬁca and EE could restore the
* o —

trabecular bone loss. T i ecular -w\o in PM100 and PM1000 rats.
[N
- 4 L

Bone deterioration ca esS O—day EE treatment.
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and ovariectomized rats (OVX) at 90 and 180 days after surgery, and the 90- day OVX

rats treated with 0.1 mg/kg BW/day of esthinylestradiol (EE) or, and P. mirifica powder
suspension at 0, 10, 100 and 1,000 mg/kg BW/day (PM0O, PM10, PM100 and PM1000,

respectively) for 90 days.
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2.6. Changes in trabecular bone area

The % trabecular bone areas (%BAs) in SH and OVX rats at 90 and 180 days
after surgery are shown in Figure 4.15 A. Comparison between the SH and OVX groups
after ovariectomy for 90 and 180 days, the %BA in both OVX groups were highly
significantly lower than those of the SH groups (SH,, group = 22.79 + 1.34 and OVX,,
group = 7.88 + 0.99 (p<0.001), and SH,, group 17.71 £ 1.42 and OVX,,, = 4.83 + 0.42
(p<0.001)) (Figure 4.14 A). Increasingiin age of rats from 9 months (SH,, group) to 12
months (SH, 4, group) old also decreased the %BA by 22.29% (p<0.01). Keeping rats in
the stage of ovariectomy frem. 90 days _(}OVXQO gioup) to 180 days (OVX,g, group), the
%BA also showed a signifieant deerease by 38.70% (p=0.05).

The % trabecular bone areas (%BAS) of the 90-day OVX rats treated EE or
PM10, PM100 and PM#000for90 dayslare shown in Figure 4.14 A. Treatment of P.
mirifica to the OVX rats gould preventihe progresswe reduction of %BA from that of the
OVX,, group (%BA = 7.868 + 0.99), especuélly at the higher doses (%BA = 4.83 + 0.42,
6.73 + 0.92, 7.45 + 0.93 and 8.01 « 1 27 “for PMO, PM10, PM100 and PM1000,
respectively). The %BA in the PI\/ITOOO group w?? nearly similar to that of the EE group

(p>0.05). Moreover, the %BA in PM1000 a_né“EE groups was significantly higher than
the PMO group by 65:8% (p<0 05) and 79. 46% (p<O 05), respectlvely, and rather higher

than that of the OV}(Q0 group, by 1.64% and 10.91%, respectwely Thus, feeding of
PM1000 and EE to the rats seems to recurrence the %BA. However, the increases in
%BA in the PM1000 andEE=groups were still lower than that of the SH group by -54.77

% and -51.04 %, respectively (p<0.001).
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Figure 4.14 Percent trabecular bone areas (%BAS) in sham opétated rats (SH) and
ovariectomized rats (OVX) at 90'and 180 days after surgery (A)jxand.the 90-day OVX
rats treated with 0.1 mg/kg BW/day of esthinylestradiol (EE) or P. mirifica powder
suspension at 0, 10, 100 and 1,000 mg/kg BW/day (PM0O, PM10, PM100 and PM1000,
respectively) for 90 days (B). Data are means + SEM. Means that do not share the same

super script letters are significantly different from each other.
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3. Changes in serum bone markers
3.1. Serum alkaline phosphatase (ALP) levels

On D,, serum ALP levels were not significant differences between the SH and
OVX rats (p>0.05) (Figure 4.15). Serum ALP levels were significantly increased after
ovariectomy over 90 days (p<0.05). However, treatment of P. mirifica gradually and

significantly reduced the serum ALP levels to the SH levels at D.,,, though it was not

180?

depended on doses. At D. .., serum ALP levels in PM10 and PM1000 were not different

180?

from the SH level (p>0.05). The EE treatment.Catlld.not reduce the increased serum ALP

levels, and the levels wereskept-higher than the-SH-levels until day 180.
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Figure 4118 Serum:alkaline jphosphatase! (ALP) leVelstin shamiogarated rats (SH) and
ovariectamized rats (OVX) treated with 0.1 mg/kg BW/day of esthinylestradiol (EE) or P.
mirifica powder suspension at 0, 10, 100 and 1,000 mg/kg BW/day (PMO0, PM10, PM100
and PM1000, respectively) for 90 days. The data are expressed as only the mean
because the SE values were overlapped and difficult to understand, except for the SH
group. Data are mean + SEM. * = p < 0.01 compared to the SH group. = p < 0.01

compared to PMO group.
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3.2 Serum tartrate resistant acid phosphatase 5b (TRAP 5b) levels

On D,, serum TRAP 5b levels were not significant differences between the SH
and OVX rats (p>0.05). (Figure 4.16). After ovariectomy, serum TRAP levels were
significantly increased only at D,, (p<0.05) when compared to the SH group). After P.
mirifica treatment, serum TRAP levels in PM1000 group significant increased throughout
the treatment period (p< 0.05), whereasiit was significantly increased only on D,,, and
D, g, for PM10 and PM100 groups when compared to the SH group. Serum TRAP levels
in PMO group were kept consistency througheut thestreatment period and not difference

from those of the SH group«(p=0.05)
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Figure 46 Serum tartrate resistant acid phosphatase (TRAP) levels in sham operated
rats (SH) and ovariectomized rats (OVX) treated with 0.1 mg/kg BW/day of
esthinylestradiol (EE) or P. mirifica powder suspension at 0, 10, 100 and 1,000 mg/kg
BW/day (PMO, PM10, PM100 and PM1000, respectively) for 90 days. The data are
expressed as only the mean, because the SE values were overlapped and difficult to

understand, except for the SH group. Data are mean + SEM. * = p<0.05, ** = p < 0.01

compared to the SH group. = p < 0.01 compared to PMO group.



CHAPTER V

DISCUSSION

Recently it was reported that P. mirifica could exhibit preventive effects on bone
loss in rats (Urasopon et al., 2007; 2008a), monkeys (Trisomboon et al., 2004) and
humans (Manonai et al., 2008). P. mirifica feeding for 90 days in OVX and ORX rats
effectively prevented bone loss in trabecular«and cortical compartments at the various
sites in axial bone (4th lumbar. Vvertebra) and.long.bones (tibia and femur) by the
determination of BMD and BME (Urasopon et al., 2007; 2008a). P. mirifica decreased
the serum PTH and calCium !evels'l in  postmenopausal cynomolgus monkeys
(Trisomboon et al., 2004). After24 weeks ofitreatment, P. mirifica at doses 20, 30 and 50
mg/day significantly decreased serum boij'é—)speciﬂc ALP levels in menopausal women
compared with the placeo grdup (Mgnonai et al., 2008). Regarding that the

_ |y
dia

osteoporosis is a silent disease and:gradue__a..'l
aware of it and rarely searchfor the.preventive .methods. The therapeutics is used when

_ brogressive, most of patients thus are not

the bone fracture occurs. Therefore, the ther:a?p_e_U‘gi_c effects of P. mirifica on bone loss in

osteoporotic rats are éarried out in this study. However, prjbr,to the determination of the

effects of P. mirifica "on“‘ bone loss in osteoporotic rats, the effects of ovariectomy (90 and

180 days) on the bone@ss induction needed to be confirmed.
1. The effects lof ovarieCtomy and P. mitifica'on.body weight

Adipose tissueyis highly responsive/to estrogen and expresses both ER types
(ERat and ERP) (Pedersen et al.,, 1996; Anwar et al., 2001). The phytoestrogens and
estrogens have direct effects in energy metabolism (anti-lipogenic effects) on adipose
tissue (Naaz et al., 2003; Joyner et al., 2001). Loss of estrogen after ovariectomy leads
to increase in body weight and adipose weight (Butera, 2010; Naaz et al., 2003: Picherit
et al., 2000), and this is prevented or reversed by estrogen replacement (Mohamed et

al., 2000). Treatment of isoflavone or synthetic estrogen could decrease the weight gain
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(Picherit et al., 2000; Lin et al., 2008). In the present study, the body weight of rats after
90 days of ovariectomy was significantly higher than that of the SH rats, confirming that
rats were in the stage of endogenous estrogen deficiency. After 90 days of P. mirifica
treatment, the body weight gains of the OVX rats could be dose-dependently reversed
as also observed in the EE group. The results indicate that phytoestrogens containing in
P. mirifica exhibited estrogenic effect on rat body weights. In addition, the effects of

PM1000 were equal with those of the EE.

2. The effects of ovariectomy and P. mirifiea on relative uterus weight
v
Almost every organs of.the.pody could be found both types of ERs (Kuiper et al.,
1997). However, different tissles have difTerent proportions of the 2 receptor types. ERa
is the receptor subtype predominantly tkexpressed in the uterus. It has previously
reported that the estradiol mediated incrg‘asle in uterine weight is solely mediated via
ERa (Linberg et al., 2002)s The uterine fwéight changes reflect the serum level of
endogenous estrogens op estrogsenfs—like éﬁg)éiances. In the present study, the body
¥ K

weights of rats were altered after,P. mirifica a_rrﬁ_ EE treatment, thus the weights of uterus

were presented as relative uterus weights,

In this study,.90-days after ovariectomy in OVX raté,_the relative uterine weights

were significantly debr:e_ased in comparison with the SH ratrsf‘lt indicates that rats were in
the stage of endogenous estrogen deficiency (Duncan et al., 1999; Kippo et al., 1995;
Malaivijithond et.al., 2004). The.administration‘of EE increased the uterine weight in OVX
rats as reported in‘thelprevious studies (Narayama«et al.; 2008; Picherit et al., 2000).
Treatment with PM10, PM100, and PM1000 for 90=days significantly'increased relative
uterine weights in ‘@ 'dose:dependent manner. In addition,.the relative_uterine weight in
PM1000 group were significantly higher than the SH groups (SH,, and SH,,). From this
result, it can be concluded that use of P. mirifica when the effects on bone are needed
the undesirable side effects on the reproductive organ should be aware, especially
when high doses and long-term consumption are used. Thus, further study is necessary
to be conducted to determine the appropriate dose of P. mirifica for bone loss therapy in

humans.
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3. The effects of ovariectomy and P. mirifica on bone mineral density, bone mineral

content and bone area
3.1 The effects of ovariectomy on BMD and BMC

The OVX rats are determined as a standard model of human menopausal
osteoporosis caused by sex hormone deficiengy (Ren et al., 2007). Most indices of bone
mass in cortical and trabecular.compartments-of-longitudinal bone growth of rats are
reaching a plateau at 6+t0"9 monihs old. Additionally, age-related decrease in bone
mass starts to occur in#12 menths old rats (Ke et al., 1996). Thus, rats at 6 months old
were selected for ovariectomy and used m the present study. This model is supposed to
have no confounding effects by rapid bene growth as found in younger rats or have
lesser effect of bone lossicaused bt/ aging}_. 'Fhe measurement of BMD and BMC in this
study was using peripheral Quantvtatlve Computed Tomography (pQCT). The pQCT

separates cortical and trabecular bone compartments and thus can monitor metabolic

changes very quickly and precnsely fn thepresent study, effects of ovariectomy on

o

bones were found to depend on bone types (aX|aI bone or long bone), bone sites

(metaphysis or dlaphy3|s) and bone compartments (trabeoular or cortical) and agreed
with the previous report (Urasopon et al., 2007; 2008a). The decreases in trabecular
compartments (BMDs and BMCs) in many bone types were presented clearly within 90
days after ovariectemy butsthe effects were found to be much smaller in cortical
compartments. The decreases ind BMDs and-. BMCs were ggreater in cortical
compattments after’ ovariectomy.for 180 days. This|result is|in, agreement with the
previous published reports that the effects of 3 month ovariectomy on BMDs and BMCs
were found to be much lesser in cortical compartments than in trabecular compartments
(Urasopon et al., 2007; 2008a). Thus, it can be concluded that bone loss can occur in
the trabecular compartment faster than the cortical compartment. This also confirms that
the response of trabecular bones to estrogen deficiency (or ovariectomy) is great in the

early phase, while the response of cortical bones is great in the late phase (Thompson
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et al., 1995). Following ovariectomy, rapid loss of trabecular bone mass and strength
occurs, which then proceed in a less rapid rate in a site-specific fashion to reach steady
state of bone mass with an increase in the rate of bone turnover.

Estrogen deficiency affects remodeling in several ways. It increases the
activation frequency of BRUs, which leads to a higher bone turnover and induces a
remodeling imbalance by prolonging the resorption phase and shortening the formation
phase. As a consequence of these changes, the volume of the resorption cavity is
increased beyond the capacity of the osteoblasts to refill. In trabecular bone, the
extended osteoclast lifespan-increases resorption depth, leading to trabecular plate
perforation and loss of trabeuular conﬁjectivity (Parfit, 2000; Eriksen et al., 1999). In
cortical bone of the diaphysis of long bones, ovariectomy stimulates periosteal bone
growth. On the other hand, the mid-dialllphyseal endoosteum in the OVX rat exhibits
increased bone resorptiony'leading to an éniérgement in this size of the medullary cavity
(Riggs et al., 2002). As a results of_thése (_j;hanges, cortical bone changes slowly only in
the early phase. Neverftheless; there ha\'/féﬂb‘een several studies indicating that the
earliest changes in cortical bane V\fiéth and_'.'dr;p_@;jullary cavity size to be between 90-120
days after ovariectomy and redéhed a steé-iy’ffétate at 180 days after ovariectomy or

more (Jee and Yao, 2001). Thus,-the rat is h'ét-'asuitable animal model for the study of

the effect of ovarieot(ifny on.cortical-bone_becatse_of fhé, fack of Haversian systems,
while another Iimitatidh is the absence of impaired ostedeést function during the late
stage of estrogen defici'éncy (Wronski and Yen, 1991).

In the present study)) developinglof<thé stalis ofj estrogen deficiency in female
rats by ovariectemy and kept for 90 days could clearly induce bone loss, especially for
the ToBMDicHoewever, when the rats wereskeptyomthatistatus-exeeeded 90 days, e.g.
180 days; bone l0ss was gradually progressively occurred and had nosignificance from
that of the 90 days. Thus, the 90-day OVX rats were suitable models for osteoporosis

study, and changes of TbBMD should be a good marker.
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3.2. The preventive effects of P. mirifica on BMD and BMC

The 90 days after the P. mirifica treatment, TbBMDs of FM and L4 were higher
than those of the PMO group, but it was lower than those of the SH group. In 2000,
Picherit and co-workers studied the effects of soybean isoflavones on osteoporosis in
OVX rats. After ovariectomy for 80 days, the OVX rats were treated with soybean
isoflavone for 84 days. The results were shown that the BMD and trabecular bone area
were greater in isoflavone fed rats than in OVXirats, but it was lower than those of the SH
group. In 2006, Devareddy et al., examined the effects of isoflavones in the form of soy
protein on the improvementof microstructural-architecture of trabecular bone which was
induced by ovariectomy. After ovariectomy. for 90 days, the OVX rats treated with soy
protein mixed with isoflavenes. After 125 days of freatment, none of the treatment
groups showed the improyeément of B\MD of microarchitectural properties of the lumbar
vertebra. However, the' BME and BMD; of Ebia were increased, though it was lower than

4
of the sham group.

In cortical bone, after treatmvént of lé’f_tmiqliﬁca for 90 days, the BMDs of TM, FM,
L4, TD and FD were higher than‘-thonse of theﬂ?ﬁ?l% group. Interestingly, the CtBMD of FM
in all P. mirifica treatment gronrsﬁwere S|gn|f|caﬁt|y higher than those of the SH and EE
groups. This is diffefe?ﬁ from those reported by Urasopoh e,i al. (2008a) that feeding of
10-1,000 mg/kg BW/day of P. mirifica to the OVX rats could prevent the decrease in
CtBMDs of L4 dose-dependently. Howevergin the ORX rats fed with 10-1,000 mg/kg
BW/day of P. mirifica could prevent the decrease|in CtBMDs of both FM and L4. Similar

to this study, treatment of PM1000 to the OVX rats was also higher thap the SH rats.

Treatment of 'P. ‘mirifica in OVX rats ‘could ‘rarely obtain the increase in BMCs
(both TboBMC and CtBMC), compared to the PMO group. Surprisingly, increase in
TobBMC of FM, and CtBMCs of L4, TD and FD could be observed only in the PM100
group. In contrast, treatment of EE prevented the decrease in CtBMCs of TM and FM,
which were not found in the PM100 treatment. In agreement with Urasopon et al. (2007;
2008a) reported that P. mirifica significantly prevented bone loss in cortical bone of L4,

tibia and femur, dose-dependently, in the ORX and OVX rats. The dose of P. mirifica on
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the prevention of bone loss, which was comparable to the preventive effect of 0.1 mg/kg

BW/ day of EE was 100 mg/kg BW/day.

3.3. The therapeutic effects of P. mirifica on BMD

From the results gained, bone loss could be observed earlier and greater on
BMD than BMC. Thus, changes on BMDs were selected and determined for the
therapeutic effects of P. mirifica on bane lloss. The therapeutic effect of P. mirifica on
bone loss is considered from a comparison beiween PMO (OVX,,) and PM1000 groups.
In the present study, PM1000-could resg)re established bone loss in ToBMD of L4 and
CtBMD of TM, FM, TD.and"FD, as seen in the EE group. However, these results
disagreed with those oisPicherit et al. (2000), they reported that consumption of 20-80
mg/kg BW/day of isoflavonefor 64 day é,idwnot restored BMD in total femur, diaphysis
and metaphysis of femur. In2006; Dﬂevarekdcljy et al. examined the effects of isoflavones
in the form of soy proteinon BMC a-'nd BI\/ID of 90-day OVX rats and found that the BMC

and BMD of tibia were increased, though_”‘_‘l—t-'v\’/as lower than of the sham group. They

: £
summarized that soy isoflavane couid prevé{ﬁfthe further bone loss but did not reverse

the established bone loss in osté-oporotic FE

Urasopon et ;al+20QB_anaJ¥zad.,_the amount ofj,the major five isoflavones,
puerarin, daidzin, déid—zein, genistin and genistein, in P mirifica. They found that
puerarin accounted for about half of the total isoflavone content in P. mirifica.
Isoflavones exhibitiestrogenic activity by binding! at ERs, ERe=and ERp, with a higher
binding affinity @nd expression of ERP. ERP is expressed in many tissues including
bone, especiallysatithe trabecularboney Qsteoblastosteoclast-and-their progenitor cells
have ERs. Genistein and daidzein could” exhibit ‘estrogenic effects on bone, as an
anabolic effect on bone metabolism. Puerarin (10 and 25 umol/L) significant increased
cell growth, increased ALP activity and mineral nodules formation in osteoblast cultures.
It can be suggested that puerarin had a stimulatory effect on osteoblast bone formation
(Zhang et al., 2007). As known that the tuberous root of P. mirifica contains at least 22
phytoestrogens (Pope and John, 1960; Chansakaow et al., 2000; Ingham et al., 2002;

Cherdshewasart et al., 2007; 2008), the preventive and therapeutic effects of P. mirifica
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on bone loss may be caused by other phytoestrogens that were not mentioned

previously, such as miroestrol and deoxymiroestrol.

3.4. Bone area

The response of bone loss to ovariectomy of female rats was site and
compartment specifics. The regions of trabecular compartment responded rapidly to the
interventions, while cortical compartment \was, as it lacked remodeling, relatively non-
responsive (Thompson et al., 1995; Bloomfield et al., 2002). Thus, the bone sites which
have been preferably used.as an indiczj}or oi“bone loss was trabecular area at the
proximal tibia metaphysis (Zhang €t ar., 2007; Filipovie-et al., 2009).

In agreement wiil previous publivlshed reports that the ovariectomy reduced %
trabecular bone areas (%BAs)@and increasleq bone marrow cavities of the proximal tibia
metaphysis, whilst the estiogen reversﬁ.ed thie, éffects (Zhang et al., 2007; Fillipovic et al.,
2009). The trabecular bonefarea gould also'tbé;increased, in a dose-dependent manner,
by P. mirifica treatment. P. midfica and EiE‘-LJdO' not only prevent the bone loss (anti-
osteoporosis effect), but they also restored thé establlshed osteoporosis (anabolic effect)

,u
in female rats as seen that the trabeoular bOfre area in PM1000 and EE groups were

higher than the OVXy;«group by Sk 64% and 10 91%, respectively. Thus, the use of P.

mirifica should promise mEfor advances to bone health in pds’t[nenopausal women.

4. The effects of ovariectomy and R. mirifica on serum/bone marker
4.1"Bane fformation-marker

Alkaline phosphatase (ALP) has been clinically available for several years as a
marker for bone formation. Serum ALP consists of several dimeric isoforms that originate
from various tissues, such as liver, bone, intestine, spleen, kidney and placenta. In
adults with normal liver function, approximately 50% of total ALP activity arises from the
liver and 50% arises from the bone. In agreement with the previous published reports,

the ovariectomy increased serum ALP levels in the present study starting from D,,
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whereas the levels were stable in the SH rats throughout the study period (Li and YU,
2003; Lee et al., 2004; Shirke et al., 2009). It suggests then that the OVX rats have
increased bone turnover (Shirke et al., 2009). Controversial results of the effect of
estrogen and isoflavone on serum ALP in OVX rats have also been reported, where they
either cause an increase or decrease in this enzyme serum level. Although the effects of
P. mirifica on serum ALP levels in OVX rats in this study were inconsistent, and did not
display a linear or simple, if any, dose-dependency, the serum ALP levels in PM100 and

PM1000 rats were higher than these in'the: PMO and SH rats at D,,, and D,,. In

120
agreement with previous reported, rats fed“on the soy diet were reported to show a
further elevation in serum™ALP activity (Arjanmandi et al.,1998). Genistein, coumestrol
and daidzein are known to_stimulate ALP activity of an osteoblast —like cell line, MC3T3-
E1 cells (Kanno et al., 2004). |

4.2 Bone resorption marker \

High amount of tartrate reéiétant acié{,pﬂ)ﬁosphatase 5 b (TRAP 5b) is expressed
by bone - resorbing osteoclasts: Osteoclast seb}éted TRAP 5b into the blood circulation.
Serum TRAP 5b was elevated.in-patients with—-_-b_gne diseases (Halleen et al., 2000; Chu
et al., 2003; Mose et al 2003), and decrease after antiresorptive treatment (Koizumi et
al., 2003; Voskaridou et:al., 2003). In rats, after ovariectomy for 3 months serum TRAP
levels were significantly increased (Songlin et al., 2009). In the present study, serum
TRAP levels were significantly inereased after avariectomy for 30-days. The ovariectomy
causes a rapidgbone loss and develops an osteoporosis due to estrogen withdrawal
(Urasopenget: ak, 2008b).~Changes;(or increases)., in, serum IRAP levels in the OVX
model could” be detected "within ‘only the first week ‘after ovariectomy, because it
reduced to the control level thereafter (Surve et al., 2001). The elevated serum TRAP
levels can used to predict a future bone loss (Alatalo et al., 2003).

After P. mirifica treatment, serum TRAP levels were significant and consistent
increased in PM1000 group. However, in the EE group, serum TRAP levels were kept
low throughout the treatment period. Thus, it seems to be that P. mirifica and EE exert on

different pathways on bone loss prevention and therapy. Based upon the results gained



76

in the present study, it is still difficult to explain how EE and P. mirifica affect on bone
cells. Thus, the further determination of the other biochemical markers of bone

resorption, e.g. sialoprotein or pyridinoline cross-linking telopeptides, should be done.

Based on these results it is possible, however, to conclude that P. mirifica
consumption could prevent bone loss (anti-osteoporotic effect) and restore the

established osteoporosis (anabolic effect) in female rats. At present, the only available

o form bone that is sold in the

pharmaceutical market is ] ) However, the PTH has undesirable side
effects, including nausea, vomiting, heac@ps and dizziness, and, most
importantly, it is very expensive PTH treatment is reserved for patients with severe
osteoporosis who are ung 10 tal , \-\: for whom other medications

DN

J \\ e ed here, P. mirifica might be a

\ e eficial effects in terms of the

reduction of tumorigene erdshewasart et al., 2007). The further
study on the appropriate 058 ﬁ_ or -\ 0ss therapy and did not have the

side effects on the other org
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CHAPTER VI

CONCLUSION

From this study, it can be concluded the ﬁndings as follows;

1. Developing of estrogen for 90 days by ovariectomy in female

rats could remarkably induce - the TbBMD, bone loss occurred

by 20-37%. However, when t status exceeded 90 days, that is

180 days in this study, ssively and had no significant

difference from Dy, bo

the 90-day OVX rats were the

addition to changes ofEe-rus weight : tive indicator of the estrogen

deficiency follow-up in rat‘s

o B UEANENANENNT e e o
b°”“%ﬁttta\tﬂ'ﬁtu URIANYIAY

P! mirifica could prevent a further bone loss (anti-osteoporotic effect) and
restored the established osteoporosis (anabolic effect) in ovariectomy-induced

osteoporotic rats.

6. The mechanisms of actions of P. mirifica on bone cells should be different from

those of synthetic estrogens, especially for bone loss prevention.
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7. P. mirifica should be one of alternative choices for osteoporosis treatment in
humans, because it distributes throughout Thailand, is cheap and has no side
effects on cancers. This should be a value-added to P. mirifica on the
commercial scale which is popularly used for cosmetics and food supplements

nowadays.
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Chemicals

1. The list of chemical substance used in this study were given below;

Chemical Company
170-ethinylestradiol Sigma, USA
EDTA, disodium salt Merck, Germany

Diethyl ether

igma, USA

Formaldehyde

Normal saline

2. Composition of 10% pha .‘ 2 buf

1. Formaldehyde
2. Distilled water
3. Sodium phosphate ISiC
4. Sodium phosphate diba ﬁr"‘;—”"

e

Sl

ﬂ‘NEI’J‘VlEJ'VIiWEI’]ﬂi
QW’WMﬂiﬂJ UNIINYAY

y /7, ;/; G ,Germany

,rnpatana Co., Ltd., Thailand

Sodium Hydroxide armany
‘\\\ N

ml
900 ml
40 g
65 g
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