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"lI1'l1uVI\fLL1'i'l 
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..~ ':;.01 ~ ... 1 ~ ~ .. " ..J~
m)"l9UULVitli'l n1j'I~~'lJtl..:J n'l1,) Lflffi"ll1'l um1'm1j'1m'l:::n1':::~nVi'{lJ LUVI\fLLrn LVi PI Ll-JU LL~::: LVi PI ~ i'l'lln 

u.11,xtl~lum'l:::n1':::~nVi'{lJLvlUm)'(;jl?1lJltll-JU..:JLViPltltln LLU..:JVI\f (mtJ 6 L~tlU) LLt;j~:::LViPltltlnLUU 2 n~l-J ~tl 

n~l-J Sham control (SH) LLfl:::n~l-J~(;jl?1lJltll-JU..:JLViPltltln (OVXlODX) ~nVl\fH 90 1u ~l-JL~tlnVl'I~n~~ SH 

ufl:::n~l-J OVXIODX n~l-J~::: 5 (;j'l l-JlvhnltruU$JI(;1 LnUL~tlI?191n~')19 LL~:::Lnum:::~n"ll1'lJ'llvltlUUU VlUI 

LL.n..:J'll'J1 LL~:::~UVI~..:JvlflU~ 4 L~flU.11u1'l?1f1')ll-JVlUILLuum:::l?1n LL~:::Lnum:::l?1nVlUILL.n..:J.nI..:J;r,U L~tlinlu 
" " 

~ • I..J • 1 ..l' .01 1 ~ 0..:..., 0 ~ ,
i'lm~t1ntnuflUULLufN'lJfl..:JLU'flLUfl U),:::l?1u,~mfl UIV1\fi'lLVI~'f) (n~l-J SH "lIU,)U 1 0 (;1') LL~::: n~l-J 

OVXIODX ~,U,)U 50 (;j') l-JILLu..:JfltlmUU 6 n~l-J 1 ~::: 10 t1l'l LL~:::1~fll1'IJlI..:J1 i'l1..:JUln ~'f) ~,n~u (n~l-J 
SH u~::: PMO), ml,)Lflffi'lJI'llU"lIUII?1 10, 100 LL~::: 1000 l-J~lnn uu.I1l')/1u (nf'll-JPM10, PM100 LLfl::: 

q 

PM1 000) u~::: 17U - ethinylestradiol 'lJUII?1 0.1 l-J'C'l/nn uu.(;j')/1u (n~l-JEE) 1?l1l-J~'C;)U UIU 90 1'u 1u 

),:::w)I..:J1,xfllnnUL~flI?1YJn 1 30 1'u i'l~IV1unVl\fYJn~UI?11lX LLf'l:::1u1'u~I?1VfIU'lJfl..:Jm1''t,xflITYilmtruU$J1111 
LLfl:::Lnufl1'm:::vh'l 1 c;)'l.nI'l~U ~~m1'i'lI?1~tl'lViU11m)'l1ll?1t;jtll-Ju'ImPl'fl'flnYhl,x~'V1unl1l,)'lJ'fl..:JVllJLViPl·L~U , 
L~l-J~U UIJlVh't,x~'V1Unt1l,)'lJfl'lViUmPle!fll?1fl'l L~'fl't,xn'lI,)Lfl1'fl'ln,)LL~::: EE Vh't,x~'V1Unt1l,)~I?1~..:J'tuVlu~..:J

~ " " 
fltl..:J LVi PI ViUm ),L~l-J~'l~U"lItl'l~'V1Unl-Jl?1~n 't UVllJLVi PI L~U LLlJllJJViu m1'LU~UULLU~'l'lJfl'l~'V1UnlJl'fl~~nVl~ln 
LL~:::L'l!i1Uf'l L,); Ll'i~ 'tUVllJLVi PI~ LLfl:::lJJVium1'Ltl~t1uutl~'l'lJfl..:J(;ju, 1(;1 LL~:::iill-J'tUVllJ~'lfl'fl..:JLViPl L~'flm:::~n 
(%BA) LL~:::fI')ll-JVlUI LLuum:::1?1 n~ 1?1f'l'lmtlVl~'l91n (;jI?1lJlfll-JU'l LVi Plflfln LLfl:::i1rh L~~~umh..:J~l-J~wrnu 

" 
'lJUI"''lJ'fl..:Jn'lI,)Lfl1'fl'lJI,)~'t,x LI?1t1~f'l'lJ'fl'l PM1 000 i1rh'tn~Lf1t1'lnU EE LI?1£.1 fI1I?111m1'r;i", [;jfll-JU'l L'V'I Pltltln , 

1"'... ... ~. 1 ... '" ..: .f ~.'I .... ~ 
m1' Vln'lI'lLfI),tl'1l1,)Ufl::: EE l-J~fl Lun1':::!J1U LVltlmlnt1'MI'lU~:::flmtlm:::l?1m'V'll-J'lJU LVi1'I:::1':::I?1U alkaline. " 
phosphatase 1u:nfl-J i1ri1L~l-Jt3'l~U 91nm'~ntffil?1~fl'lflf'l~nril')1~11ml')Lfl1tl"llI'lUtln"lln"l:::~~i'lif 
iln~nUm~'i'lf'ntlm:::~n (antiresorptive effect) LL~,) £T..:J'i'lI~I1'Clm:::~Um1'fln'lm:::~n (anabolic effect) 

1~~,)t1 LI?1t1~~~l~JJi1f1')Il-JLL(;1nlJll'lnU1':::VI'hHViPl r.nn~~mffil?1f'l'fl'l'tutl~ 1 i1 Vh't~Mtll~11n'lI,)Lfl1fl. 
"lI1')LUU'i'l~U1Vi1'Yl1'lL~tln~~~fI')1"'l:::~~UIIJl'flltlltldjumfn1j'1L~fln1':::t:ln'V'lrw'tufl(;11LL~:::1.JtM~'l1't1 L"'t1 

..J ~ ..: ~ ~ .,f, ~. 11 ::"1": .. ,0

fI')rn9:::Yl1m)'i'ln1:tILnmnunfl bnm),tltln~i'lfjl?ltll,U Uui'l 2 L'i'lrJntlU 

& 
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Abstract 

This study aims to investigate the effects of Pueraria mirifica herb on bone loss prevention in 

gonadectomy-induced osteoporotic rats. Six-month old male and female rats were divided into 2 

groups; shame control (SH) and ovariectomy/orchidectomy (OVXlODX) , and kept for 90 days. Five 

rats in each group were randomly selected, collected blood, euthanized, and collected right femur, 

right tibia and 4th lumbar vertebra for bone mineral density (BMD) analysis and left tibia for 

histological examination. Remaining rats in each group (10 rats in SH group and 50 rats in 

OVXIODX group) were divided into 6 groups (10 rats/group) and fed with distilled water (SH and 

PMO groups), 10,100 and 1000 mg/kg BW/day of P. mirifica (PM10, PM100 and PM1000 groups) 

and 0.1 mg/kg BW/day of 17U - ethinylestradiol (EE group), respectively, for 90 days. Blood 

samples were collected every 30 days, and body weights were measured once a week. Rats were 

euthanized at the end of treatment period and collected organs as describe previously. 

I Gonadectomy increased body weight gains in females, but decreased in males. However, feeding 

of P. mirifica and EE reduced body weight gains in both sexes of rats . P. mirifica increased uterus 

weights in females , but has no effects on prostate gland and seminal vesicle weights in males. No 

changes of liver, kidney and spleen weights in both sexes. % Trabecular bone area (%BA) and BMD 

were reduced after gonadectomy and dose-dependently increased after P. mirifica feeding; the 

increase in PM1000 group was equally to those of the EE group. The gonadectomy, P. mirifica and 

EE might stimulate the bone turnover rate, because levels of serum alkaline phosphatase were 

increased. From this study, it indicates that P. mirifica consumption could prevent bone loss (anti­

resorptive effect) and restore the established osteoporosis (anabolic effect) in female as well as 

male rats. From the first year results, we can conclude that P. mirifica is one of the potential 

alterantive medicinal herbs that should be developed to be an anti-osteoporotic drug for aged 

women and men. Besides, the mechanisms of its effects should be consequently determined in the 

second year. 
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'i1~m1'i~ qJ~ n~ru 

ALP = alkaline phosphatase 

BA = bone area 

BMC = bone mineral content 
• 

BMD = bone mineral density 

Cbfa1 = core binding factor A 1 

EE = 17U-ethinylestradiol 

ER = estrogen receptor 

ERT = estrogen replacement therapy 

HPLC = high performance liquid chromatography 

IL-1 = interleukin - 1 

IL-6 = interleukin - 6 

ODX = orchidectomy 

OPG = osteopogeterin 

OVX = ovariectomy 

PM = Pueraria mirifica 

pQCT = peripheral Quantitative Computed Tomography 

RANK-L = receptor activator of nuclear factor KB 

SH = sham operation 

TNF-U = tumor necrosis factor - alpha 

TRAP = tartrate resistant acid phosphatase 



. )!'I ...I... ,.J' ", .1 - • 1'"m~~nYiru (osteoporosIs Lu'W1l1'l~'Vlm-~'!lm.Jfl'l1l-lVll.!1Ul.!l.!'!Ifl'lLl.!flm-~'!lnl.!flElm1unVl 'Vl1 VI 

• • I ..j, ~,J' '1.'1 - - .. 'i' ...
m-~~n1J1'1U~~Lu11~ Lt'lEl'lt;ltlm-~~nVln'l1E1'!1l.! (Kanis et aI., 1994) ~l.!u"'l~Ul.!~Uj;ln11rullfl'l ~1flm::'!lnYifU.l.J 

Ul.!'l L ih.J~'I~l.! i'li1Lill.!c.J~l-l1"'l1nfl1tJL~~EI'!Ifl'lU1~"Il1md'll.!1V1qj~'I;l.! U~::Ltfli1tT'I LnV11~i'l1l.!LYif'lVl~'I U.~~"Il1E1 
~'ILill.!11t\!Vl1t'l1fi11ruq'!l~~1~ClJ'!Ifl'lVl~1E111l1~L'Vlf'l 1'll-li'l1l1~L'Vlf'll'VlEl (Pongchaiyakul et aI., 2006) 

tlflnl-ll.!Lflt'lLVl1L"IU (estrogens) ihJ'VlU1'Vl~1~t\!lPlflm::U'll.!n11fmnt'll-lc;,J~'!Ifl'lm-~~n (Compson, 

1990) Lc;\mflt'lLVl1L'"I'l.Ii:l~'VlitT1J~'In1rYi1'11l.!"lJ~NL"II~;t'l~1E1m~'!ln (osteoclast) Yiu~11l.!~VI ~'I1l1E1V1i'l"'l1n 
.... ~ 'i' ,<;. ... J'..1 'IS­

Vll.JV11.11::"'l1L~flU tlfl1Ll.JULflt'l LJ;J1L"'lU'"I~~{;l~'Iflm'l1'l~L1'l n11'Vl1'11U'!Ifl'l osteoclast "'l'lmn'Yll.! 'Ct'l~~ LVlm~ 

m-~~n (bone mineral content; BMC) U~~fl'l1l.JVlU1u.UU'!Ifl'lm~~n (bone mineral density; BMD) ~V1~'I 

flri1'11'l{;lL1'l (Riggs, 1982; Ohta et aI., 2002) LflUt'l1LVlVJ~1~t\!~LVlliEl'lU11~LnC;\Jl1'l::m::~nYitl.!1u~VI~'IrjEl 

Vll.J~t11::91L~flU ~'lU1U~"Il1E1~UYi1J~1n11"l11{;ltlflnl.JUUtlUL{;l1l"lU (androgens) Vl1tlilF1'l1l.J~{;llln~'!Ifl'ltiu 
;l'lfutlflMULflt'lLVlrL"Il.! (estrogen-receptor gene) "'l~Yi11~il1l1'l~L~EI'IlPlfln11Ln{;lLtflm~~nYitl.!1~L"liwlu 

(Erben et aI., 2000; Riggs et aI., 2002) Ufln"l1ni1tT'IYi1Jt)1Lflt'lLVl1L"'lULilUtlfl1Ll.Jl.!~ilF1'l1l.J~1~t\!1Un11 
fl'JUfJl.Jt'll.J".l~m::~n1ULYHjl"1l1mVlntlunu1uLYif'lVliQ'I (Smith et aI., 1994) 

n11Hftlfl1Ll.Jl.!Lflt'lLJ;Jn"'ll.!'Vl~U'Vll.! (estrogen replacement therapy; ERT) dju";jfin11~H'fn'tn Vlrfl 

Ufl'l n'W1l1'l~n 1~~nYi tU~iltl1::~'Vlfi1l1Yi UIPlYiut)1n11H'tlfl1Ll.JUL tlt'l LI'l1 L"'lU'Vl {;l U 'VlUfl1"1Yi11 ~Ln c;\ c.J~i1'1 LfiiEl'l~ 

Lill.!til.!V111E11~uri rifl1~Ln 11ll.J::L~'I L~hUl.J l.J::L1'1 L~fl1JLYi1'1l.J"'~n l.J::L1'1lPlfll.J~nVlmn U~::L~EI'IlPlflJl1'l::~l.J L~fl'" 

~~;lU Lill.!~l.! (Sulak 1997; Canavan and Doshi , 1999; Lissin and Cooke, 2000; Fontanges et a\. , 2004; 

'1.1 _ d. " .J - ..r.... . d., "...... ~ - .... "''' .J1"- ...d
Smith, 2006) (;I'lElVl1::V1UmNc.J~'Yl1'1LF1E1'1'VlLn"''!Il.!''''In~1'l "'l'l L{;Il.Jn11"n1:t1 'l"ltl U.~~fll.!fl'l1m 'Vl 'Ylffi1:t1 Vl1fl 

.Ii ~ .. ......1 "....J ... J' ~ . .. 'I ,,~ 'i' 
ufl'ln'W1l1'l::m::~nYitl.! LYiflVl~m~EI'I~~'Yl1'1LF1E1'1'Vlfl1"1 Ln 11l'!ll.! fll.!L Ufl'll.J1"11nn11 L"IItlfl1 Ll.JULflt'l Ll'lrL "'lU'Vll1l U'Vll.! 

if"l~ul.!m~Hll.!n11fmnJl1'l~m~~nYitUt'l1l.J1n1LLtl'l1~Lilu 2 n~l.J~fl 1) n~l.J~tTu~'Im~1J'lUn11t'l~1t1 
m::~n (anti resorptive agents) l~u.ri bisphosphonates ;'ILill.!m~t'l1l.J11(ltT1J~'I osteoclast activity u.~:: 

m~~Un1::1J'lUn11 apoptosis '!Ifl'l osteoclast d'l~~Yi11~Ln"'m::1J'lUn11t'l~1E1m::~n~"'UflEl~'I 

(Papapoulos, 2008) 2) n~l.J~m::~l.!n1~1J'll.!n11t'lr1'1m~~n (anabolic agent) mn~l.Ji1il1'V1Q1l1~t'l'lF11Un11 
H\~tlL~l.Jl.J'l~m::~n 't~LLf111fl1Ll.Jl.!Yi1nl'V11flEl~ (parathyroid hormone) ~'IYiU~1tlfl1Ll.JUYi1111'Vl1flElc;) 

t'l1l.J11m~l.Jm~1J'lUn11t'l11'1nr::~nl(PIEln1ffi1::~l.! osteoblast activity t'l1l.J11m~l.J~1l.!'ll.! osteoblast u.~:: 
• tT1J~'Inr~'lUn11 apoptosis '!Itl'l osteoblast 1~ (Deal, 2009) UIPlYi1J~1tlfl1Ll.JuYi1nl'Vl1tlEl~ilc.J~i1'1L;:iEl'l ~fl 

·1"- ......... .. 'IN ... ..I'I.,~'I.!..... ~., '!'I...I- .J 1!1"10

'Vl1 VlLnIiltl1n11'l'lL'lElUf'lnt:: fl~UL'Ct U~~ fl1L'"IElU U~::~~'Vl L{;lEl'l U-JUl.!Ufll.! "I'IEI'I bmuU'VlUEll.J'Vl"l~U1l.J1 "II LU 

n11fmnL1F1m~~nYitU Utln"l1ni1m~L;i1un11fmt1Jl1'l~m::~nYitui'lt'lfl'ln~l.J tT'Iilnfl1UYi'l U~::~fl'l 

http:bmuU'VlUEll.J'Vl"l~U1l.J1


I 

2 

• 

• 

• 

ihL;t191n19h'lU1::lVII'! Vl1l~~~iJf)I'l::m::~nVl ttJ.bJ~ltnnH;tltl'ltl11~~til'1vt'ltl'l L~tl l'ilVlI::Ur::'Il1m1Vltl~'ltJ. 
., ,..J... ~ ::... .!'I .J, 'I. 'I ~ ~......:., .1 .J ~ !'l .,
b'VIfl! Y1lJ~lu::tI1n9tJ. ~'1tJ.tJ.9'1LutJ.Y1tJ.I~U 9 btJ.mr"m~n~~tJ.bVlrYl~'1t1tJ.f)11:.J btJ.ur::LYlf'I LVl~'nl96JtJ.ILutJ.tI1 btJ. 

mril 'il~ rl'U LLfl::i'm~1f)1'l::m::~ nVl ttJ. L ~~ fl(;l~tJ.VJl..!ltJ.mre.J~ IR Ufl::mrUI L;t1tJ191ml1'1U r::LYl f'I ilnvT'I 

~llJI1t1UI1ul;(rilltlr::'Il1"J!tJ.l~~ti1'1L'VIlJl::~lJ LLfl::bJiJr..Ifl;t1'1 Lf)tl\l 

.. !'l'" ~..J ~J:'':'.I ~ ....J - r, .
n'l1'llflffi1l1'l Lul..!Vl'll~~l..!b'nrYlVlll bVlVl'lu1::LYlf'I bYlI:.J lJ"J!~YlI'1'lYltl1f'11~l91nl Pueraria mlrifica Airy 

!'l ~.~.f ... ~ ''I -- ..,j '-J. ~ ....!'I
Shaw & Suvatabandhu Lul..!~Lfl~tl LLfl::lJWJ~~ Ll91~tJ.L'n~~::~lJ~1'V11r Vlll'lI'Ci'll..!'VI'l"ll~'1n'lI'lLflffi1l1'lLutJ. 

111L'Jru~~li'lJlu~'Jtl~lr1vlLl91L~~Ll91n"itJ. (phytoestrogens) ~ti1'1U~tI 17 "J!ll~ Lli'tI~I:i"V1ind1l..!Yi'ln 

isoflavanoids l~LLri daidzin, genistin, daidzein, genistein LLfl:: puerarin (Cherdshewasart and 

Sriwatcharakul, 2007; Cherdshewasart et aI., 2007a) ~\I~ln'VIthfu1LflN~~1\1YlI\1LfliJflt\'lt1rilltl~fllJl..! 

L~~L1911L"itJ. r.j\l~IlJ1ro4'll rilllfl'Jfllll~'1l1~MtJ.L~~LVln9tJ. (estrogen receptors) 1~LU;'l::~~ nC]Y11fL'VI~~l..!ri1J 

tl~fllJtJ.L~~tl91n9tJ. 91 n n1rfilmiliJ4'tI~e.lItJ.lJ1'nll~1 n'l1'l Lf'iffi1l1'l~llJI1t1fl~r::j;)lltl~Ml..!Vlln1Y1ffil:.J£'l Ufl:: 

1::j;)llLLflflLiitllJll..!iifu ll..!~'1U~lJuriLVlf'lLiitll~~til'1ilt1m~I~'1lYlI'1~i1~ (Trisomboon et aI., 2004) Llfl::~~l.n 

Urasopon Ufl::flru:: (2007 LLfl:: 2008a) 1~v'hn1rfilm~ne.Jt'l"ll~\lmrL~ml'lLfiffi1l1'lJTl..!Ylmtl'VIi\l~~19l~lJ1.l'lL'nt'l 

~~n (19l~f\ll'llltJ.'VIUL'nt'lliil:.J LLfl:;l9l~tlru"fl:;~~nLl..!'VIllum L 'n t'l~ Ufl::VI'U!I~1lJ1(;}U'll fM1l1'J::n"i::~ln'rf'i'U) Lilu 
"J .r ~... " " 

L'lflll..!1'\.l 90 1''1.1 'nll~1'V1l,fn~lJfl'l1lf.llJ~19l1i'19l~lJ1.l'lLYif'l~~nUfl::h11~fllml'llflffi'll1'l u~li'\lm'l::nr:;~nVlttJ. 

LLfl::'nll~lml'lLf\ffi'llI'l~lmrt1i1'il~n'U n1r~'1lLftl:.Jmflm::~n LLt'l::fl'lllJ'VIl..!1LLtll..!m:;~n lU'VIl,fumL'nf'lLi1t1 

LLt'l:;LVlt'l~~L'VI~tI'lUI1~LnVlf)1'l:;m::~n'nttJ.tVltlmr~Vll9i~lJ1.l\lL'n f'I~~n LVlI:.Jn'lI'l Lflffi'llI'l~llJlrt1i1'il~rl'U m r 

~fl!lftl:.JlJ'lflnr::~n Ufl:;fl'l1lJWU.ILLtltJ."lI~'1m:;c:lnltJ.'VIl,fvT\I~~\lL'nf'll~~til'1iJt1mhfi''YVl1'1~i1~ t~tI;U~~rill 
"lItJ.1 Vlll~\Iml'lLflffi'll1'l~1~ LLfl::hliifl'l1lJ LLfrl nl9i1'1ritJ.r::'VI~I'1 L'n f'I 91n r..It'l'l1 tJ.n 1riJ4'tl'VT\I'VIl.J Vl~~1mrt1~9:;~pJ 

1~~1 ml'lLflffi"llI'lflllJlrt1LL~~\lr..Ifll9l~m::c:lnl~L"lItJ.L~tI'lrilltl~MUL~flLVln9tJ. iiu~~ m1'JLflffi"llI'J~Il.Jlrt1 

il~\lritJ.mrLn~L1flm::c:ln'nlUl~ ul9i~til'1hn1911l.Jtrf'lm:;~n'ntl..!~lmrt1Ln(;l1~rilllJ~mJVJnfll..! ~til\1fi~mill..! 
, 

f'i~tllu Lji\I:.J'Wiimn11LL~~'11~Li~l..!"tJ.n~19:;Ln~~m'l::m::c:lnlXnufi'l~1.l'ltltl\l9:;il9l'l Ut'l:;l;tlfllmrrnM1;'1 

mnn~imiru:;j;)\lmh'l Lill..!m1Lu~tltJ.uUfl\l~mn~9:;url1'll "lIru:;~t1niJ4'l:.Jvt'ltfln rlli\ll-i'lLUtJ.'v'hmn4'tI l~~1~. 
~ ... , !:'I '" ~::'''.!'I..J, 'I...J ~ ~.. ,
b~tI1lJ1 L'Il LtJ.mnnH1~f)I'l:;m:;c:lnVlttJ. (;l'ltJ.l..!"'1LutJ.YltJ.I~U 9Y19::"mn r..Ifl'll~'1~~l..! blum1') Lflffi"llI'J btJ. 

..., ~ .J ~,~ k _.r k ~.I" ~ ..J ~ ~ 
mnnH1f)1'l::m::~n'nttJ.l11tl'VIt'l'l"1nYlm01r(;l'lnt'lI'l bl'1Ln~'IlUU'Ci'l 1'll.J bu(1'1mrl"lnM1Lntl'lnlln~ Ln01ffi~n 

C]Y11f'11~\lm1'lLR~'llI'l~~nr:;f!ln L~~1~Lii(;lfl'lIl.JL~~,rl..!LLfl::~llJlrt1UIL~1ml'llR1~'111')lU~l96JUILtll..!tllfnM1 

~l.l'ltltrflnr:;~n'nlUl~l..!'ill..!1f'1l91 ltJ.mrfiln'l~nRf\l~9::-(iI01m(;lfl~\lvT\lll..!~1911V1Vlt'l~'I (in vivo) ufl::ltJ.'VIfl~(;l 
l'\li'fl~\I (in vitro) t~tI~lJiltJ.91nmr~nM11l..!'VI~urYlL'nf'l~u~:;LYif'lLi1t1~9::~ninuI1~Ln~f)1'J:;nr::c:ln'nlUri~l..! 

~'Jtln1r~Cill9l~l.J1.l\lL'nf'l~~nUt'l::~n'VIl,fHl..!1tJ. 90 1''U "lmrl..!~\ll~ml'lLR~'111'l~"lIl..!I'" 10, 100 Ufl:; 1,000 

i1t'l~nrl.Jfritt'lnfl.J ~1'V1Un~'l/1'l..! tJ.1l..! 90 1'tJ. LLfl:;~~fJ11lJ1'~'nlnijLIR~fl9iI'1 1 ~L~tI'l;t~\lrilln11Llj~tlUUUt'l\l"ll~\I 
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m'::~n LfI::~~wm.J~~1m1'JLf'l1t)"lI1'J~1l-111Clfm~nf11'J::n'1::~nVitulc:il-lffi'W "1mrU9'1~mnnfllnn1ffitln~Ylt 
"lJtl'l~11~rlVm'l1'J~f'lffi"ll1'Jt;itlL"IIflfln'1::~n"lltl'll-l\fU1Yl1.Ul-lfltl"'Yl"'fltl'l (in vitro) 

n11Yl"'fltl'l"lltl'lU~ ,,::Ami1L'Urn::1.utfIWrYl~fltl'lUfI::1.U11tJ'I1U'UUtl~l-I\l1nm,,::d]Un1111tJ'I1U• 
L~m rltll-l\?U1Yl L 'Yif'l ~tJUfI::L'Yif'l ~~QninU11.,xLn ~1l1'l::m::~fl'Yitu t"'tJn11l'i'~f'l'l1i UfI::l'i'",~N-rl:: vt1l-1ih ~tl 

UfI::Yrnl-l\?\tlu1u 90 tJU "1mrU9'11.~m1'JLf'lffi'll1'l~'lI'W1'" 10, 100 UfI:: 1,000 l1f1~nfl-llntflnhl J1l-lunvi'l/tJu 

U1U 90 tJU UfI::~Vlvt1l-1tJ"'n1mJ~tJuu1.JfI'Im'l'fln1tJ11l1f'l"lltl'lm'::~n (bone histology) %trabecular bone 

area (%BA) f'l'l1l-1l-lU1utium::~n (bone mineral density) l-I'lflm'::~n (bone mineral content) LLfI::1::~'J 

alkaline phosphaste (bone formation marker) l.u;fl-l 

1 . 	 L~tl~n1i1t.lfl"lltl'ln111.~n'l1'JLf'lffi"ll1'J t;itln1:i'fmf'lf11'J::n1::~nrq'u1.Ul-l\?U1Yl L'Yif'lu:itJUfI::L'Yif'l~ ~~n 

i nU11.~Ln "'1l1'l::m'::~n'Yitut"'tJn'wvi'" ~tll-l1j'lL 'Yif'ltltln 

• 

• 
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n'ref!}n (Bone) 

m::~n Lih..!~t)m::ihR'1Jihn~h~'II'lulUn1:nrl~tluh''l'll~~h.:m1u ~1'U u.t'l::Uniltl'l~t)m::111tJlu 
~ ~ ~ 

1'"lJJi'lLiluu.loIt'l'l~::~JJu.ifi1VJ'VI~1Rq)'lI~'1i1'1n1t1 LCPlm'1lVn::u.rlfl L;!I:JJJ u.t'l::~~~'rl~f~ n1::~n I.1vifl::;U 

• I ., of ..l ....'i'., ,~ .. .. of, of 
LJj'::n~UVl'lmU~m::tan'VI'.hrlN~n'll.1~nIJl1'1nU~tl'l'llUVlfltl m::tamu~u.uu (cortical bone) l.I.fl::nr.:~mu~ 

'i'.1 ' .1.,1 'i' Ji, , " .....J" X
LLJN (trabecular bone) (!uVl 1) LVlf.Jn'l::'!lmU~u.uu "'I::l'lUtl~Vl1UUtln'lJ~'1n1::~n JJ'"IItl'l'l1'1r::loI'l1'1LU~n1::~n 

U~tI ;4Fl'l1lJloIU1U.UU\1'1 YiULilULflNt'lf1'1~'lullo1q)'iI~'Im'::~nu1L'lru diaphysis n1::~m~~Lui'lYiU~l1ulu'iI~'I 
m'::~n ;4~miru::L,Ji'lU1'1 t'l1UrluLijULflNI'I1'111t1 Vi1lo1u1~'lI'ltlm::91mLN lun1rfu~1lo1un Ufl::Lilu~~~'lI~'I 
loIfl~CPlL~'fIVl LLfl::hmr::~n YiUmnU1L'lrum'::tan~'lU metaphysis U.fl:: epiphysis U1L'lruu~n~CPI'iI~'1m::tan9:: 

.. 

!U~ 1 LFlNt'l11'1'lJ~'1m::~ntl1'l (long bone) ur::n~U~'ltlnr:;~md~u.uu LLt'l:;m:;tamd~LUi'l 
~'luur:;n~1JloI~n'll~'1m'::tan l~u.ri 1) osteoid ;'Iur:;ntl1J~'ltlfltlflfl1L9ULilU~'lullo1Clj Vi11,xn1::~nij 

fl'l1lJ~!1l"'~U 2) calcium phosphate ;'1~~lupJ"lI~'I hydroxyapatite (3Ca3(P04)2Ca(OH)2) L!1ltl~:;t'llJ~'l~~1u 

'II~'1~1'1j':;loI~1'1LlJLflf'Jt'l"ll~'II'l~t'lfl1L9U Vi11,xm'::tamn!1lmm;J'I~'l LLfl:; 3) L'lIfltfm'::~n ~'Iii~~~1JJ'Di1(;l~'ltJrlU 

~~ osteoblast LilUL"JIfltf~Vi1wu1~lun1rt'l11'1m':;~n osteoclast LUUL"JIfltf'lJU1VlllolcY ;4lo1fl1t1il'lLI'l~tJt'l Vi1 

,., ..l'I 4 !"I .,I.. "..l Jf 'i' .1 -" .. ::. ~ .:;
loIUTYI LUn1r~fl1t1nr::~n U.fl:; osteocyte 'lI'ILuU osteoblast 'VIL"'I'lq)LI'IlJ'VILLtl'l L{;'\tlLJnl'lLLfl'lL"JIflfl'VI'lt'l1JJ'DU{;'\U 

Vi1'11U1'llJrlU L~~Vi11,xLn"'n1::1J'lUn11"Jl~lJ~~1'1 u.fl::t'HntJm'::~n (bone remodeling cycle) ~'1LilU'l'l9'l~ 
_ X a~ 

Ln(;l'lJUj;lfl~{;,\L'lfl1 LYi~Fl'l~lJ~fl LLfl::fl'l1lJ U.'lI'1LLN'iI~'1nr::tan (Nakamura, 2007)
• 

'i' ' .... • ..l. 1 ~ .1.,1 'i'........ .. ..l

L(;ltlYiU'l1 osteoblast U.fl:; osteoclast 9:;lJn1'l'V11~1U'VIur:;t'l1unu (!LJ'VI 2) L{;'\tlJJtJUloIfl1tJ'DU{;,\'V,j 

f'l'lUf'JJJn1'lL91cy (development) "lItl~ osteoblast L'lIU Core binding factor A 1 (Cbfa1) loITtl Runx2, Osf2 Ufl:: 

http:ur::n~U~'ltlnr:;~md~u.uu
http:LVlf.Jn'l::'!lmU~u.uu
http:m::tamu~u.uu
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.)'i'''' ,..:t... ... tI..J ... IAML3 ( Ducy et aI., 1997; Koman et aI., 1997 ~VlUU'UL'\.lt'l1'U"::l-Jc.Jt'lm'::(;J'Un1n t'lU'U~t'l'l (differentiation) 

Ut'l::mn"il'kJ (maturation) t"m1t1m'::~'Un1r~11'1Ltl1~'U'\.lt'l1U'1IU~ L"lI'U osterix, osteoponin, osteocalcin, 

bone sialopactin, type I collagen, receptor activator of nuclear factor KB (RANK-L) Ut'l:; osteopogeterin 
" 

(OPG) Osteocalcin Ut'l:: osteoponin .,::"lI'Jul'Un1r~:;~l-JUflt'lL~Ul-J (mineralization) l'U'lIru::~ RANK-L LLt'l:: 

OPG "::f'l'JUfll-Jn11Vhnu:'lltl'l osteoclast L{;lEJ RANK-L "i::4'unu RANK receptor ~~~U'U pre-osteoclast 

(osteoclast precursor) ~'1 ...::1t1m'::~'U pre-osteoclast 'I.~nt'l1ult1d:J'U mature osteoclast ~~1l-J1nl'vh~U1~ 
~t'l1um'::~n1~ lu'llru:;~ OPG ~1l-J11Cl4'unu RANK-L 1~ vi11~ RANK-L 'W~1l-J11Cl4'unu RANK receptor ~ 

1 " ~ ::. .. 1 ' tI..J 1t1 .!'I ~ J!pre-osteoolast !1l {;l'lU'U pre-osteoclast "''1 l-J~1l-J1rm t'lUU LuU mature osteoclast WI m1~t'l1Um'::~n 

"i::t'l{;lt'l'l 

SIet'!'Cef 

;. 


CfU./A
•Mononuclear 

Pre-Osteoclast 

r -. - - .~-- - ­
ii 1.25(OHhD, 
I (VORl 

PTH 
(F'THlrP-R 

R.nk L 

Proliferation 
and 

Differentiation 

"\ 
Osteoclast 

. . SON-E MATRiX 

lll~ 2 u~~'1m1vi1'11'Utl1:;t'l1'UnUr:;'\.l~1'1 osteoblast LLt'l:: osteoclast lun11f'l'JUfll-Jt'll-JPJfI'II~'1m:;~n M-CSF 

U.fl:; OPGURANKL LU'U osteoblast factor ~nr::~'Un1ntl~UUu.t1t'l'l (differentiation) 'lItl'l osteoclast 

~ 0 ~ ..J... 'I. "" ~ 1 ..tltlrbl-JUt'l1flClJ'Yll-JU'YlU1'Yl 'Um1f'l'Jufll-J~l-J"Jt'l'lltl'lm'::~n f'ltl tltl1~l-JUYn11 'YlffiU{;l (parathyroid 

hormone) UfI:;tltlnl-J'ULLf'lfl;LfnUU (calcitonin) tltlfi:l-J'Ui'l\'ltl'lp)'l;1"i:;vi1~U1~fn1'1;r1l-JnU L!1lEJtI~fll-JuVn11 
1'YlffiEJ",...::vi1'\.lU1~~t'l1um':;~nufI::tltlnl-J'UUf'lfl;LfnUU"i:::"lI'lEJlun11~h'lnr::~n (Jane and Gary, 2001) 

... ,..J, 1" il ~..:J ~ IdBone remodeling cycle tI1::n'flU~'lum':::U'lUm1m'l1 'YlUU'Itltln {;lL 'U 4 1:;U:; ~'1'U (tu'Yl 3) 

Resorption phase ~tl m':::U'l'Umrl;'lfl1EJL;ltlm':::~n LI11U osteoclast .,:;H~'l'U'lltl'l ruffle border 

'l1-:jp)'lu1L'lru~'lm:::~mh'U~ ...:::iJm1\'lfl1EJL;ltlm'::~n "i1n~'U":::'I.li'l111L!1l:n"iU~tltlU (H+) ut'l:::'\.li'l hydrolytic 

enzyme L~tlt'lfl1Um':;~n 'V'hl~Lii!1ln1rufll11t1fitlEJufltu'ilEJl-J~tlt'lL~fntltlnl-J1 'l'U'llru:;~Liil11m:::U'lUm1I;'lfl1U 

n1:::~n osteoclast ":;'I.li'lLtl'U1'!1l-l" Tartrate resistant acid phosphatase (TRAP) ~tlnl-J1 ~'1vi11~Ln~ 

m~J'l'Un11 dephosphorylation Ln~m1I;'lfl1UL;l'flm:;~n vi1'l~m:::~mii~LtI'U'\.l~m~n 1 ~u 
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_ ..J,q 	 ..... r c:r11' d 

Reversal phase mtJ'VIt'l\lt'nnvnm11~t'l1~m1::~mLt'l'l ~::~JL'nt'lt'Ul-J"'Lt'l'fl"'~1'lYi'ln macrophages m 

Lnuiiu"lI1nm::~n iln~l-J mononuclear cells (pro-osteoblasts) mfl\lj;j1LL'VIU\l~i1n11~fi1tJm::~n LLt'l::~L;J1~ 

m::U'lUn11~r1\lm:;~nvi'flhJ 
, 

Formation phase fI'fl m::1,.I'lUn11~r1\lm::~n L~tJ osteoblast "I::~\lLRr1::~ LLfi::",i\l osteoid 

li'fll-J1tlUPl'lL'fl\l 'VIi\l91mrU~::'VIi\l pyrophosphate LLfi::LLRt'lL'IItJl-J 'fl'flnm9um::-vT\lR'l1l-JL;Jl-J;(U'!f'fl\lLLRfiL'IItJl-J 

r - ,..J 1" .!. 'I" .J
mtJU'flm"llt'lt'l~\lLnUm1'Vl9::fi::t'l1tJ If! osteoblast 9::'VIt'l\l L'llU\'II~ alkaline phosphatase 'fl'flnl-J1LYi'fl~fi1tJ 

(hydrolyze) pyrophosphate v'h1~Liilf!n11~::~l-Jl1i'l~'fl\l LLRt'lLlfttJl-J ~"li'fl\l~1\l1::'VI~1\lb2-J Lt'l flfi'!f'fl\lR'flfifi1L "IU ~\l 

LWnm::u')um111~1 mineralization v'h1~ osteoblast ~'fltJ1 \ln~u1~'fl'flm.h\l"l1n~'lm::~n LL~'lLtI~tJu'ltJd~u 
osteocyte 

.f'l 	 ~..J.... " ",~"Quiescence phase LuU1::tJ::1l1tJ'VIfi\l91n'VlLn~m::U'lUn11~11\lm~m~NtiULLfi,) (Hill and Orth, 

1998; Nakamura, 2007) 

I Qu _.,.,flOe > 	....-=_--:-:-__

I Resorption> 


Re"",rsal > 
Formation> 

I Mln....aIIsation > 
Endosteal sinus I Quiesoel1De > 

Bone remodeling cycle Lilum::u')umrihii"';UlRfi'fl"'L'lt'l1 ~\lLLviLn"'9'UlR1tJ Lilum::u'lUm1ihf'YtlJ 

~v'h1~m::~ni1mn"I1tlJ~IijJU1 LLfi::'ll'fll-JLL"lIl-J m::~n1~ilR'l1l-JLL;J\l LLN'fl~L~l-J'fl lhi1R'l1l-J'ij~t1n~Lii "'~'Unu 
m::u,)'Un11~\lmh') L"ll'U Lii"'m::u,)'Un11~fi1tJm::~nl-J1nn~1n11~71\lm::~n "I::yJ11~i1n11~tlJLam~'flm::~n 
l-J')t'ln1::~nt'l"'t'l\l LLt'l::'fl19yJ11~Lii"'1l1')::n1::~nYitu1.~u~tl'" 
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1l1'l::n'l::'!ln ~'{\J (Osteoporosis) 
... ..l... ,..r " !:. .... • I.J • I 

m::'!1nVifU fltl 1l1')::'Vmr.:~mJfl'J1lJVlU1UUU'!Itl.:JLUtlm'::'!1n~~Utltl~.:J ~'JlJ'Vl.:JlJn1~Lu~tlUUufN'!Itl.:J 

LflNt'lrN~::~U"~111f1'l1tl.:JL~tlL~tlm::'!1n fl.:J~~1.,xm::'!lnLlln::U1.:J 'Wfl1lJ1~Clfu~1V1Un VlffiuNn~1~1Pl1lJlln~ 
'V'ht,xm::'!1mrnl~41t1 (Kanis et aI., 1994) L~tI~huVl'll.:J~1imjtltll~uri m::~ntfuVI~.:J (spinal vertebra) m::~n 

fl::LVin (hip) Ufl::m'::~n;)tlijtl (wrist) nfl'tnl.Un1~Ln~1l1'J::n'1::'!lnVifUt!ULnl'l'l~/;\1nfltl.:Jn~'tn~'JtlnURtl 1)Ln~ 
J' 4 ... ..: J' -J. '1"'- ~ 

"nn bone turnover ~.:J'lIU LUtl.:J"nnm-::l{JnlJ remodeling unit LVilJlJ1n'!lU n.:J~fl ~'mn~tlf1nm~fltntlm::'!1n 

lJ1n;un~11ln~ Ufl::2)Ln(;l"1nm-::U,)Un1~ bone remodeling cycle imbalance L~tlViU~1Ln~m::U'Jum~ 
bone resorption mnn~1 m-::1J'lUn1~ bone formation ~.:Jn11Ln(;l111'J::m::'!1nVitut!u tl1"LnVl"1nnfl'ln1.~ 
n~'lnVl~.:J VlffiLn(;l"nni.:Jfltl.:Jnfllni,)lJnum~ (Compson, 2001) 

tltlfil.JULtlflL[;]1L9U iiU'VlU1'Vlfh~[)Jvitlm::1J'lum~fm~nfllJ~fl'lltl.:Jn'1::'!1n (Compson et aI., 1990) 

L(;lmtlt'lLmL9uiit"\'Vl1fau~.:Jn1n;1.:J1U'lItl~ osteoclast vh1.,xLn(;lm::U'Jum~ bone resorption flVlfl.:J 91n~nfh'J 
11lU~'J;r1.:J~U~1 m::u')um~ bone remodeling cycle LnVl91mrii1.:J1U'!Itl.:J osteoblast Ufl:: osteoclast 

ViU~1L"lifl~i.:Jt'ltl~"liU(;I il(;]')fu'!Itl.:JtltlnlJULtlt'lLIPl1L9U (estrogen receptors) i.:J'!IU(;IUtlflVh (estrogen 

receptor alpha; ERa) LLfl::L1J~1 (ER~) (Bland, 2000) ~~tltlmULtlt'lLIPl~l9U.,::t'l1lJ1~ClUflVl.:JC]'Vl1ftum:i' 

f')'JU~lJmri\1~1U'lItl.:JL"lifl~i~t'ltl~"liil~1~ L~tlm:i'4'1Jn1J(;]'Jf1J'!Itl.:JLtlt'lLIPl1L9U Lrltlil1l1,)::Viitl~tltlmULtlt'lLIPl:i' 
L9U 9::ilm~fl~1~ cytokines 91n osteoblast LL~:: osteoblast progenitor cells mn~u cytokines LVI~1~H\uri 

interleukin - 1 (Il-i), interleukin - 6 (IL-6) LLfl:: tumor necrosis factor - alpha (TNF-a) ~.:JViU~1 cytokines 

LVlfl1~"l::ilt.lfl'Vht~ osteoclast iitl1~E.I1,)U1U;U ufl::vht,x progenitor cell L9icyhld:Ju mature osteoclast 

1" J' -J. 'I .... - J'0

VllJ1n'!lU (Huges and Boyce, 1997; Jimi et aI., 1996 ) ~~t.lfl'Vl1 ~VlLn(;lm-::u')um~t'lfl1t1m-::~nmn'!lU 

Utln91n~a.:JViU~1 tltlnlJULtlt'lL[;]1L"lua.:Jii~flvitlmni1.:J1U'!Itl.:J osteoblast Vi1J~1t1tlmULtlflL[;]1L/;\um::~u1.~. 
II .l' _:. ~ 

osteoblast fI:i'1~ type I collagen lJ1n'!lU (Nakamura, 2007) LLfl::tlUtI.:Jm1Ln~m::u')um:i' apoptosis '!Itl~ 

.J .... , ~ 'i' x ...... 0'1" _J'" " 
osteoblast LlJtllJ1l1,)::Vi~~e:ltl:i'~lJULtlt'l ~[;]:i'L"U'!IU".:JlJt.lfl'Vl1 ~Vlm-::1J'lUm1 bone fonnation Ln~'!IUUtltlfl.:J ~,)tI 

LVI~t.lfl ~.:Jn~1,) u1tlL;)1~1'tlVllJVlll:i'::41 L~tlU~.:Jvht,xLnj;\f'I'J1lJhjt'llJ~fllltl.:Jm::1J'JUn1:i' bone remodeling cycle 

;U 'Vht~iin1~~[)JL~tlmflm::'!lnmnn~11ln~ ufl::d:JuiJ94'm11~cy~vi11.,xLnVlm::~nVituIPl1lJm 

111')::n~::'!l nVi tUdJU1l1')::~'ll-lt'l1m~CI fmt11.~Vl1t1'!11j;\1~ Uvit'l1lJ1~ClVI~~fi.:J m~~'Y L~tllJ,)fl m::~n 

'll-lt,xLnVlL~lJmn;U LLfl::flVlt1[;]~1mnn~m::~n1in'l~ ~.:Jt!umnltl'Hl'U~.:JLilu7jfim~~~q", uvif'lut'I'JutVlq)l!n 

'll-lL~Uf'I,)1lJ~1~[)J~.,::iJtl~nu'll-lt,xlnj;\1l1,)::n1::l{JnVitu 9um::i~iltl1m~~.:J9::L;)1f1Jm1fmi1 iJ."uum~ 

i1tl~nULLfl::fmn111'J::m::'!lnVituvi11mVltl m~tltlnr11ft.:Jmtl f1J1l~::'Vl1Utl1V11S'~ililimruuflfl L;!tllJ~l~tI.:JVitl 
... ..l 4"'''' .. ..l-J. '1,,_.J,~~~, ,,-~

VI fl nLfltl.:J m~(;IlJ Lfl ~tl.:J (;IlJ LL tl ~ntHltl fl LLfl::.:J (;I ~U1J VI~ ~ 'JU ~U~VI CIJ.:J'Vl t.l11Pl (;IN ~ 'IItltl n Ufl::~VlCIJ.:J'JtlVllJ (;I 

1l~::41 L~tl U;~il1l1')::Vi itl~ tltl f'llJULtlflL[;] n.,u 9::1.,xeltlf'llJULtl flLIPl1L9U'Vl~ LL'VlU (estrogen replacement 
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therapy) YilJ~lm~1~e1~fi:l-J'UL~~l~1L~'U'Vl~U'Vl'lU'l1l-J1~r1~~~1J~mnULn~m'::~mrn'l~ (Tongeson and Bell.. 

2001) uvim~';hl~Ln~I:J~;rl'1LREJ'l~LU'Ut1'U~:nEJ 'l~uri ri~l~Ln(i'll-J::Ll'lL~h'U}J l-J::LhL~~J'4lYiNl-J~~n lJ::L1--1 

vi~l-J~m-1l-J1n U~:;LaEJ'lvi~Il1'J::~l-JL~~~~(i'I~'U (Sulak 1997; Canavan and Doshi, 1999; Lissin and Cooke, 

PI ., )( ~ dI ~ ... .J - ..t ~ , dI 'l " ...
2000; Fontanges et aI., 2004; Smith, 2006) Lu'UIJI'U VI'JEJIJI~::",'Unrl'lI:J~'1J1'lLflEJ'l'VlLn~1I'U'Mn~1'J ~'l ~l-J 

~ - ~ "Jt .J1.)(~ dI il ~ .J ....J "....J _.r ~ 
m~l"Imn 'J~EJ U~::fl'UFI'J1EJ1 'Vl '1ImM'1 \.tffi ~'ln'lUl1'J::m'::~nYit'U L'rl~\.t~m~EJ'lt.l~'!I1'lLflEJ'l'Vltl1~Ln~'!I'U tl'U 

Lrttl'llJl~1 nm11.;r e1tlm'ULtlt'll~1L~'U'Vl (i'I LL'Vl'U i1~.,l1'UEJ1~14fl'UnlnnM'11l1'J::m'::~nYitu~1lJ1 ~r1 u1.l'lL~LU'Ut'ltl'l 

n~l-Jf'itl 1) n~l-J~UlJ~'lm'::lJ'J'Um1~~lEJm'::~n (anti resorptive agents) 'l~uri bisphosphonates ;'lLU'UEJ1~ 
t'l1m1r1UlJ~'l osteoclast activity U~::m'::~'Um::lJ'J'Um~ apoptosis '!Itl'l osteoclast ~'lt.l~~l1.~Ln", 

" I.J ~ tI .

m'::U'J'Um1~~1EJm'::~n~(i'I'UtlEJ~'l (Papapoulos, 2008) 2) n~l-J'Vlm::~'Um'::lJ'J'Um1~11'lm'::~n (anabolic 

agent) l"'EJEJ1n ~l-Jdi1t)~Qlh::t'l'l f'f\.'Um114f L ~tl L~ lJl-J'J ~m::ttln EJ11.'Un~l-Jd1~uri e1tl fll-J'U'rl111LmtlEJ (;) 

(Parathyroid hormone) ;'l'YilJ~le1tl fi:lJ'UYi111 1 'VlffiEJ t91fl1lJ11r1 L~ l-J n 1::lJ 'J'Um1~ r1'l m'::~nlCOlEJ m1m'::~'U . ~ 

osteoblast activity t'l1lJ1rm~l-J~1'U'J'U'!Itl'l osteoblast U~:;UlJU'lm'::lJ'J'Um1 apoptosis '!Itl'l osteoblast cells 

1~ (Deal, 2009) U~'rllJ~1e1tlfi:lJ'UYi1:n1'Vl1tlEJt91i1I:J~;J1'lLfiEJ'l Rtl 'V'h1.~Ln~mmr1'lLi)EJ'Uf'I'ht:: F1~l.I't« U~::: 
... ...I'l" ~ 't" ... ~ 'l '.l'I .J - .J • .. !!'I ~ ~ ~ ...J .. 0­

tllL~EJ'U Ufl::l:Jfl'Vl COlEJ'l l-JLL'U'U'tl'U ~'lEJ'l lJLu'U'Vl'UEJlJ'Vl~::'U1l-J1 L"lI L'UmnnM'1 L1F1m'::~nYitu 'Utln~1n'UEJ1'Vl L'lI 

1.'Um1fnM'1ll1'J::m':;~n'Yit'U-vT'lt'l~'ln~l-J U'lih1fl1~'1 U~::~tl'l'll1L;J1~1mh'l1.1r::L'Vlf'l 'Vi11~~~iJll1'J:::m':;~n'rlt'U 
hJt'l1lJl1m;hn'lEJ11~tlEi1'l-vT'Jn'll(i'lEJL'Yl'Yi1:::1.11:::'lI1m'L'VlEJt'l'J'U1.\.tqJ ~i1~1U:::EJ1n~'U ~'l,r'U~'lLtI'U~ti1~'Ul~1'U 

~ ~"...: '1.1 "" ~ .l'I 'I .!'1 <OJ .J<OJm1I"1nM'1t'l2-J'U L'Yi1'Vltl'lrl'lUl1EJ L'Uu1:::L'Vlf'l L'Yitl'Yi 1?d-l'U1 Lu'UEJ1 L'UnJ'ilJ'il.:ln'U Ufl:::'in'lf1I11'J::m:::ttln'Yit'U LYitl~(i'I 

~l.I'Vl'U1.'Um 1t.1~ ~ ua:::m 1'll1 L;r1EJ1li1jlnvi1'l1Jr:::L'Vlf'l fl n-vT'lt'l1l-J11t1'll111.11.;rnlJ1.11::'lI1'l1'U1~tlEi1'lL",l-n:::t'llJ LLfl:::'W. 

e.l'n'U'il'll'il L'II-n'n1 L'l'U (Isoflavones) t;i'iln'i::j;ln .. 
'ttlt"ilvl~1l'J'ULtI'U~11'lvn~L~t'lt~1LIi1jU ~YilJmnl'UYl"l! L<J!'U 6'JL\.t~tl'l iJlflNt'lh~ u~:::~CUt'llJlJ~'Vl1'1 

;hLfli:lL<J!'UL~EJ'JrllJe1tlm'ULtlt'lt~1L"'U 'ttll"ilvla1l'J'U 'l~uri daidzin, genistin, daidzein, genistein u~::: puerarin 

~1lJ11r14'lJrllJi'Jfu'!ltl'le1tlfll-J'ULtlt'll~'1L~'U'l~L<J!'UL~EJ'JrllJe1tlfll-Jl.ILtlt'll(;l1L"'U (Murkies et aI., 1998; Chen and 

Anderson, 2002) 1~i1mrAnM'1'rllJ~1'ttll"ilvl~1t'J'Ui:lt.l~m:::~'Um1flh'lm:::~n ~1nn11~nM'1tCOlEJm'1L'Yi1:::L~EJ'l 
X .J ~ ...I ~ "" -6 ·5 ~.. ...: • ~ .... 1. .r .J

L'UtlLtltlm':::connlJ genistein m:::(i'llJfl'J1lJL'!Il-J'II'U 10 -10 LlJ~11 fl1l-J11mYilJu1lJ1CUUfl~L"iItll-J 'UL'UtlLEJ~ u~::: 

L~l-J alkaline phosphatase activity ;'lLU'U bone fonnation marker 't~tlEi1'li1Utl~1f'l'1J'Vl1'lt'lii~ (Yamaguchi 

.Jo" tI .4:'1
and Gao. 1998) Ufl:::LlJtl'Vl1m1EJtllJ osteoclast "''JEJ tartrate - resistant acid phosphatase 'II'lLu'U bone 

• resorption marker 'YilJ~11'Un~lJ~1~flJ genistein ,,:::i1~1'U'J'U'!Itl'losteoclast ~VI~'ltlEi1'li1Utl~1f'lCY'Vl1'lflii~ 
-.! .. . .. ..J ~ 

(Gao and Yamaguchi.. 1999) U~:::~1nm1,.,nM'1 LUL'IIfl~m:::':ln'YilJ'J1 LlJtlL'Yi1:::L~EJ'l osteoblast MC3T3-E1 

T'Jl-JrllJ genistein LL~::: daidzein ~fl'J1l-JL;r}J;J'U 10-6 -10-{; LlJ~1f t'l1lJ1'1m~lJ alkaline phosphatase activity 
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ut'\~ L~~tfhJ1ru~h~l.!L~ll.!L"!It'\tf1.eA'~th~iium\I~[1JVl1~~"~ (Sugimoto and Yamaguchi, 2000) 1l.!i12007 

Zhang LLt'\~l"lru~ 'VllJ~ILrl~Litl~ osteoblast i'l~rilJ puerarin ~1'I'lI~L;r~;rl.! 10 ut'\~ 25 'h.lLFI'1L~t'lffiVl'1 nCJt'l 

L~~41l.!'ll.!L"!It'ltf Ut'l~L~~ alkaline phosphatase activity '1.eA'~th~nl1t1!!h~[1JVl1~~ii~ ut'\~~lnn1'1Am:t1l1~~ 
Ishimi Ut'l:;f'lru~ ll.!U 1'I.f'!. 2000 'VllJ~1 nI'11iX genistein "lIl.!It'l 0.4 LLt'l~ 0.7 mg 1Pl~.rl.! l.!1l.! 4 ~Ut'lIl-fll.!'M\? 

1I1'lLVif'lLiitl~~n~t'lf~'I.,) VilJ~1 ~1~I'1mJ~~nUn1'1~'k!L~tI~'lt'lm~~ml~~m:;~n~l.!1I11eA' 

n'l11 lfl~'111'l 

n'l1'lLl'lffi"llI'l Lill.!~"lI~~l.!lVi'1~VilJ'l.eA'vT'llUll.!U'1~LVlf'llVltl n~~'VlI~i)'Vltl1f'!1 ~Vlf~1 Pueraria mirifica. 
Airy Shaw & Suvatabandhu Lill.!liiLt~tI lLt'l~ii"r'l~~l~~l.!L~~~~~~~I'MI'1 fl'Jl.!"r'J1I~~n'lI'JLf'lffi1l1'J ~n 
UI~11;rLill.!tI1ue.Jl.!L1J'11ru L~tln.rVlQU'1~~~RL~~ 'Vl~LLYil.!tI~ffi.Jl.!1l.!~'M~~.rtl'M~"'U'1~41L~~l.! i:l~~ril.!CJ~i'J~ 
Llt'l ~1;r Lill.!fl 'Jl.!CJ ~~1l.!f'l1~'lIt11t1'Vl1'N~n LiI'U.~l.! n'l1'J LI'I1~'111 'J ~1~1'1Cl~~n~'Vl~vi~ '1~lJ1Ja1J~l.!f 'I.eA'L'Mn~l.!Il1J 

tI~ fl~l.!L~ ttlL(;1'1L9l.! 91 nm'1'Vl "'~~~1iX~1'1U'lI'Jl.!t'l~tln'l1'JLI'Iffi"llI'J LLri~(;1t)'Vl "'t'l~~ VilJ ~1n'l1'J lflffi1l1'J ~1~I'1Cll1J 

m~~l.!mn91ty"ll~~L'!It'\tfL~~1J~~~nLLt'\~L'!It'ltfLm~1JtJu~'lI~~I"lt'l~"'1l.!wlJu'1VlLVif'lLi1t1~~n~t1lf~'1.,j (Malaivijitnond 

et aI., 2004; 2006; Cherdshewasart et aI., 2007a) ~1~I'1Clt'\"''1~~1J'!I~~\'l~'1.l.!;~1I~fl~l.! (luteinizing 

hormone; LH) ut'l~vl~~Lf'it'\ttl~lolLt'l~~tI~fl~l.! (follicle stimulating hormone; FSH) ll.!'M\?u'1'VlL'Vlf'l~ut'\~LVif'lLnU 

(Malaivijitnond et aI., 2004) ut'l:;1l.!~~'M1~tI1'JL'Vlf'lLnU (Trisomboon et aI. , 2004; 2006) Ut'\~Vi1J~1~1~1'1Cl 

1J'1nVl1~1n1'11l1t1'M~~'M~~U'1:;41L~~l.!1l.!~'M~~.rtl'M~t'lU'1:;41L~~l.!1~ L'lIl.! mm'11~l.!J1J'J11J 'M1~l.!~l.!'W'M~1J 

L~ dJl.!~l.! (Muangman and Cherdshewasart, 2001) l.!~n91n~if~'Vl1J~1n'l1'JLI'I1~"lI1'J~1~I'1Clif1Jfi~m'1 
L91fll'll~~~:;L1'1L~hl.!~1l.!'Ml.!U'1VlLVif'lLntl~Cln-nnuleA''JU~1'1ri~~~L1'1 7,12-0MBA '1.~~ti1'1~~~l.!1fri1J'JIU1t'l"ll~'1°tl ...... 

dO ..J1" ...11" ~ ... .J~" ...
n'l1'JLM~1I1'lVl 'M (Cherdshewasart et aI., 2007b) Ufl:;~~ 'M~I'1~nt1ln'lI'lLl'lffi'll1'lVl~n"'t'l'lUL~fifl 

LL~t'\n~tI~tf ~1Il.!1'" 1 00 ut'\~ 1,000 ~LFlmf~/iit'\~~(;1'1 Vi1J~1~lmnlluif1Jfi'lm'1L~1'\!1I~'1L"!It'\tf~~L1'1L~I~ 
MCF-71l.!'Mt'l~t'lVl"'fl~'11~ (Cherdshewasart et aI., 2004) ut'\:;~~Amf1i;'l:tLf~f'l91nm'11iXml'lLfl1~'lI1'l1l.! 
"lIl.!1t1l 5 LLt'l:; 1 00 nt'\~nf~rnLt'lnrn/l'l.! uri'MlJU'1'Vll.!1U 6 L~~l.! Vi1J~1ml'JLFlffi'llI'J'WLL~~~FI'JI~Lfll.!Vi'l:t ,rl.!~~ 

'WntJt'lvi~mrih~1l.!'lI~~~1J 1(;1 ut'\:;~1l1un~l'tI'l:;~1J~l.!f Ut'\:;~.rtl'l~1l1U1l.! (Manosroi et aI., 2004) Ut'l::'W 

ri~liXLn"'m'1'1:;1'I1mR~~~~~'J'Mu~1l.!m:;~hElut'l:;'MlJVI:;L1l1 (Cherdshewasart et aI., 2003) 

91n~1l.!tj4'E1~e.h~IVi1J~1 "r'J'lI~'1ml'JLFlffi'llI'JU'1:;n~1Jlu~'JtI ~1'1LvlLVlL~~LVln9l.!'Mt'llt1"l1Ut'l ~Vi1J 
~1nleA'uri n~~'lI~~'I.~L"lIvlt'\1L'Jl.! ~'1U'1:;n~1J~'lU daidzin, daidzein, genistin, genistein, puerarin Ut'l:; 

mirificin d:ll.!9ll.! (Chanakaow et aI., 2000; Ingham et aI., 2002; Cherdshewasart et aI., 2007a; 2008; 

Urasopon et aI., 2008b) ~~~1'11~L"!IY~~nL'll.!LlIfi1i1 ii'11t1~IU~1nCJt'lm::~l.!n1'1L91'k!'lI~'1m:;~n ~'1meA'nfi1'J 
LUut\''l;r1~ ~l.! 91 n n1'1~ n'l:t1i)4'tI~ehl.!~1Vi lJ~1 ml'lLFI'1tl"llI'J~1m'1Clt'\ f;'l'1~~1J'lI~'1t1~ fhtl.!'Vl1'111 Vlffitl ~ Ut'\:; 

'1:;li11JUflt'lL;tI~lu;~ 1l.!~'1l11~tI1'luriLVif'lLiitl'1.li'~ti1'1iil1t1t\1~,\!Vl1~~"~ (Trisomboon et aI., 2004) Ut'l~ 
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IJItll-J1 Urasopon LL~:::flru::: (2007 LL~::: 2008a) 1~-v'hn11~n1:t1&J~'IItl'ln111~m1'lLfiffi'll1'lyj'UYl111E1~~'191nn11 

~~~tll-J1J'ILYU'\tltln (~~f'l1'll1'U~\fLYH'IliiEl LL~:::i~t1ru"fl:::tltln1'U~\fLL1VlLYtf'\~ UfI::"''ldi.:JlllL''Uft(;l.:lIl'l'l:: 

n'l::'!]n'Vt'{U) LtI'UL'l~1'U1'U 90 1''1.1 YtU~1~\+n~l-Jf'I'lU~l-J~~~~tll-J1J'ILYt f'ltltln LL~:::'Wl~fum1'l Lfiffi'll1'lLL~~'I .. 
1l1'l:::m':::~nYt~'U LL~:::YtU~1m1'lLf'lffi'll1'l~1l-J11C1il'il~n'LI (prevention) n11"CYLiEll-J'l~m':::~n U~:::f'I'l1l-J 

~'U1uti'Um':::~n 'IItl~m':::~nfhwm1'1ff (long bone) LI.~:::m:::~ml'l'Uun'Un~1'1 (axial bone) l'U~\+vT'I~tl'lLYtf'll~ 
tlU1'1i1UEl~1~CIJVl1'1~ti~ L~E1;'Utl~r1U'II'U1~'IItl':m'l1'lLf'lffi'll1'l~1~ LL~:::hlilFl'l1l-JUVln6l1'1r1'U1:::~~1'1LYtf'\ 91n 

&J~'I1'Un11fjr.rElvT'I~l-J~n~1l-J11C1~9:::~~1.lL~~1 m1'lLf'lffi'll1'l~1l-J11C1U~~'l&J~61tln1:::~nl~L,j'UL~EI'lr1U~tlfll-J'U 
Ltl~L~1L9'U ~'Uf;itl m1'lLf'l1tJ'II1'l~1l-J11C1il'il.:ln'LI (prevention) n1nn(?1L1f'In1:::~nYt~1!11 u6Itlu1'1hnVl1l-J~'lEl~ 

hr.m1:::~nYt!'U~1l-J11mn (?11~r1Ul-J'\imJ'Vlnf'l'U tlU1'1 f'1tltl LtI'U~tltll1.l L~ tIbliltl1n11LL~ (;1'11~Li\'U9'Un~19 :::Ln (;1 

_ '" " .. 'I 4 SI _ " .. _ .J. .."... _ .. I ~ .. I.J .. I..,J 
fl1l1'l:::n1:::~n~n U~'l ~LJ'ltlCl'l'"l:::lVl'l LL~:::L'!I111Jn111n1:t1 '11'1 mnn (?1~n1:tru:::(;1'1n~1'lLLJ'Un11LLJ~E1'ULLLJ~'IVlEl1n 

..I "'" ~ .... ~ ~ 'i' • ~ , v ~ - ~ .J 1'<'1".J .J1~ ~ 
Vl9:::l.I.n ~'II Ufl:::'Um9EJVl'l ~~nn1~'IlJ'IL'U'U"n1:t1'l9mYttl ~ ~~l-J1'1i'lmVl "ll L'Un111n1:t1111'l:::n1:::'!lnYt~ U~:::91n 

~i1nEJ'I1'U~1m1'lLf'lffi'll1'l i1f'lru~l-JU~1'Un11tTu~'ln11Ln~ufl:::n1n91C1J'IItl'll-J:::L~'IL~1'Ul-JL~~'ltl 
.4 .!"I ., ... ..1 .. , 1"~.. x or ~ ~.. .!"I ..I

(Cherdshewasart et aI., 2004; 2007b) 'D'ILLJ'U'IItlV'lVlL~'Utlm1m1 'lI~tl1 U-I'ULYtf'\\"I'ILFl11:::~ V'l'l'U'U9'1LLJ'UVl 

t.h~'U19~9:::~n1:t1&J~'IItl'lfllJ'U1Yt1m'l'lLf'lffi'll1'l l'UmnnH'l (therapeutics) 111'l:::n1:::~nYt!'U111E1~~'l91n~ 
tl1n11~'Infi1'l1~iLn(;1;'ULL~'l L(;1E1m1~~61tll-J1J'ILYtf'l'lltl'l~\fvT'lfltl'lLYtf'ltltl n Ufl:::'rl' n-m:L ~'U1'U 90 1''1.1 L~tl-nm111~ 
Ln~111'l:::m:::'!lnYt~'U U~'l~'IVlV'lfltl'l1~n'l1'lLflffi'll1'l 1'll-JL1.ln'l m1~n1:t1 L~E1'lnUnflLnn11tltl n~Vl't'lltl'l m1~LFl1tJ 

'lI1'l6itlm':::'!1n L~tll~Ln(;1f'1'l1l-JL~tl,r'Uu.~:::fl1l-J11mhLtl1n'l1'lLf'l1tl'll1'lL1.l'rl'~'U1LtI'UEI1fn1:t1~tl'ltlL1f'1m:::~n 

l'l~'UL~'Utl'U1 fWl 
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,. 

i 611'V161~'iI~ 

VI'ijU.~Y1L'Y'lf'1LiiEl t'\1El~'U1f Sprague - Dawley m~ 2 L~fl'U41'U'l'U 70 ~'l '"i1nthuntrIn1Y1"'i'lfl'lu.vi'l'll1~ 

l-JVl1";jVlEJ1tTEll.Jiil1li'l U1l-J1L~El'l'1'~Lffi'UL~El,:ltfIn1Vl"'i'lfl'l flru~";jVlEJ1f'11t'\j;]f ~Vf1f1'1n1(Ul-JVl1";jVlEJ1tTEl fI'lllfjl-J 

~ruVl1Jij~ 23 - 25 fl'lf'l1L'IIflL"iltlt'\ 1~fuu.t'\'1t'\~1'1 12 i'lLl-J'I (06.00 - 18.00 'U.) u.~~i'l11l 12 i'lLl-J'I (18.00 ­

06.00 'U.) 1~fu~1U.fI~fl1V11~~1L~lU (S. W. T. Co.• Ltd. t'\lfvlru~m~ U~~LVlf'11Vltl) ln~fl~H'li'l1 "'I'Un~vT'IVI'ij 
.... "'....,j.. • I.J 'I ... 0". I.J~ _! .. ~ .. .!'I nI • I 
l-Jm~fWllVl1L(;)fl'UFiN '"i'lLuflElm.l1 LVlmVl1~t'\rILNlUVlI.lJl-Jf:l'JLVlflfl'lLU'Ufj'l'Uu~~nflll (soybean - free diet) 

CC.P. 0821SBF. Lot No. 0801 01. t'\l-JVl1U~m~. U~~LVlf'l1VlEl) L~flrhr.fI1l'l1"1r.fElrun'l'U"'I1nt'\1~'tl'nInLflt'\1j;]1L'"i'U 
.J '1":-.. ( ).J........ ...... ~ 1 0 'I .... ~ .![
Vl'Y'lllmn L'Uf:l'JLVlflfl'l Urasopon et al.. 2008b Ll.JflVl'ijl-Jfl1~Flru 6 Ll1Ifl'U mllLflfll1l'"l1nVl'l '"I mVl'UC1I LVI'l'U'U 

Lil'U Do 'tJfl'lm~VlC;)~fl'l 

l:. 
~U IJI 'e)U n'l'1'VlIJI~ 'e}.:J 

U1V1\tLL1VlL'Y'lf'lLllEl fl1~ 6 Ltifl'U 41'U'l'U 70 ~'l LLl.l'ltltlmtl'U 2 n~l-J ~tl 

1. n~l-J Sham control (SH) f1tl n~l-J~'t~flln11&h~(;)LtlI1\VlihVltl'l LI.vl'W1~U1f'l1'1l flfln 41'U'l'U 15 

2. n~l-J Ovariectomy (OVX) f1tl n~l-J~1~flln1nh~~LtlI1\Vli11ilfl'l u.~~U1f'l1'1ltlflni'lt'\tl'l~1'1 
41'U'l'U 55 ~'l 

VI~'1'"11mh~C1I"~L~U:JVI\t~tl1ut1mil'U1~El::L'l~1 90 1''U L~tlLVliitJ'lU11,xVl'ijtl~1'Ut'\111'l~ffi'ltltlfll-J'U 
L'Y'lf'l 	u.~~Ln~111'l::m~~n'YttuIn1l-Jmr~m:t1'Dtl'l Urasopon LLfI:::Flru::: (2007; 2008a) LnllL~tl"'YJn1 30 1''U (030, 

u.~:: 000> 1l1ElVl~'1"'11mh~~'U1'U 90 1''U ~l-JLfltlnVl'ijn~l-J SH u.fI~n~l-J OVX n~l-JfI~ 5 ~'ll-J1Y'hn1truEl'-l1j;]0 60 

~'lElt'\1n~LVltliiUltlf LnllL~tlC;)'"i1ntr'l1., u.fl~Lnlln1::~n'D1'D'l1Yitl'Ull'U (right femur) m::~nVli11U.;('1;(1'1'D'l1 

x. ~,.J lh .., 0 ~.t1 ~ ,
(right tibia) n1~~nfj'UVI~'1Vltl'U'YI 4 (4 lumbar vertebra) L'Y'ltl'U1 L 'l11\l-J'l~n1~~n U.fl~FI'l1l-JVI'U1LL'U'U'Dtl'l 

n1::~n u.fl~Lnllm::~nVli11LL;('1;(1'1;(1t1 (left tibia) l'U 10 % phosphate buffer formalin L~'flU11u~n]i1m1 
.I.J. I ..t oJ '1 . ­
Lufltl'UU.ui'l'l'Dtl'lL'UtlLtlflm::~n L'U1::C1Ill'~1l1f1 (bone histology) 

U1V1\t~LVI~tl 41'U'l'U 60 ~'l (n~l-J SH 41'U'l'U 1 0 ~'l u.i'l~ n~l-J OVX 41'U'l'U 50 ~'l) mu.l.l'ltltlmiJ'U 

n~l-J~1'l1 n~l-JfI~ 1 0 ~'l u.i'l~yj1mr'YIC;)fltl'l LC1Itll,xt'\11~1'11 'YI1'lU1n 'U1'U 90 1''U~'ld 

http:i'lLuflElm.l1
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1. n~l-I Sham ~1J\fu~1niu 1frm~11 i:i~~~1?I11'1lJ, (n~l-I SH),. 
2. n~l-I. OVX ~1~fu~1nilJ,1frl-l1~11 i:i~~~~11'1lJ, (n~l-I. PMO) 

• 3. n~l-I OVX ~1~f1m'l1'lLf'tffi'!l1'l "lIlJ,1Vl 10 i1~~nfl-lInL~nfl.l~Twt!nvi''ll'1lJ, (n~l-I PM10) 

4. n~l-I OVX ~1~fum1'lLf'tffi'!l1'l "lIlJ,1Vl 100 i:i~~nfl.lInL~nfl.l~1"rt!nvi''ll'1lJ, (n~l-I PM100) 

5. n~l-I OVX ~1~fum1'lLf'tffi"ll1'l "lIlJ,1Vl 1,000 i1~~nrnfriL~nrn~1'\.nrnvi''l/tjlJ, (n~l.I PM1000) 

6. n~l-I OVX ~~fu 17U - ethinylestradiol '!IU1Vl 0.1 i:i~~nrnInL~nrn~~Wt!nvi''ll'1lJ, (n~l-IEE) 
utllJ,\'l111lJ,'1h~L'l~1 08.00 - 10.00 '1.1. .,t'l~1~umn~vi''lt{1.l~1t-f~~f'lf'l L~tlc:lm1L1.l~tJ'uu1.lf1'1"l1tl'l 

~1~unvi''l Uf1~Hf'i1'u.1~unvi''l~1~lJ,u(;\~~t{1.lVl1t-fm1.lfu1frl-l1ru.m11~m1'lLf't1tl'!l1'l U~~1frl-l1ru.17U ­
. . a.:t _ ' oJ _0 '1.1 .... 

ethmylestradl01 LnULf1tlVlYjn1 30 'llJ, (D'20' DHiO U~~ D,80) Ll.Jtlf'lIU 90 '1'1.1 vnn1tru.tlm1~~'ijVl'ltl\'l11r~L~tltl 

Lfitlf u~:;Lnum::~nt'hu right tibia, right femur u~:: 4tn lumbar vertebra L~tlU111.ltjVll-l'J~m~~n U~~f't'l1l.J 

~lJ,1UUU'!Itl'lm~~n Uf1~Lnum::f{)n left tibia 1'1.1 10 % phosphate buffer formalin L~tlu111.l~mnmr 
• I.J • I X.J 1 ~ 
Luf1t1lJ,Uuf1'1'!1tl'lL'UtlLtltlm~~n lJ,1~VlU~~1l1f'1 (bone histology) 
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Female rats (6 months old; 70 rats) 
I 

Sham (15 rats) OVX (55 rats) 

I 
I Induction of bone loss 

I 

I 

90 days 90 days
I I
I I 

Autopsy ()W Autopsy 
(5 rats) (10 rats) (5 rats) PMO PMlO PMl00 PM1000 EE 

I I 

(10 rats/gr) 

90 days I 

I 90 days 
I I 

Autopsy I 

I Aut~psy 
I..I t 

I 

T 

-Left tibia: Bone histological examination 
-Right femur, right tibia, 4th Lumbar 'vertebra: BMD and BMC 
-Uterus, liver, spleen and kidney: Weight 

Body weight: Weigh everyday 
Blood collection: Every 30 days for alkaline pheesphatase analysis 

Remark 
OVX = Ovariectomy 
DW and PMO =Daily feeding with 1 ml of distilled water for 90 days 
PMlO = Daily feeding with 10 mg/kg of P. mirifica for 90 days 
PMlOO =Daily feeding with 100 mg/kg of P. mirificafor 90 days 
PMIOOO = Daily feeding with 1,000 mg/kg Of P. mirificafor 90 days 

-l1'l1'V1f1~~HI 

\l\fU1l'lLYH'\~ fl1t1~lJ.f Sprague - Dawley 'tl1tJ 2 L~t'llJ. ~1lJ.'JlJ. 70 ~'J ';nnthun~(Jli'Yl"'~'il~U"'~'lI1~ 

l.I\l11'Ylmim.J~(;lfl U1l.11L~tI~H~(ffilJ.L~tI~~(Jli'Yl(;lfltl-3 f'lru::':)'Ylmf'l1fl~f ,111~-3nnUJ..!\l1':)'Ylmtrtl f'l'JUfJJ..! 

tJru\l1Jn~ 23 - 25 tl,:jf'l1L'lI~L;tlt'I \tli'fUUt'I-3t'111,:j 12 i'JLl.I-3 (06.00 - 18.00 lJ..) u~::i1(;l 12 i'JLJ..!-3 (18.00 ­

06.00 lJ..) \~'fU~1LL~::'il1\l1rfhLNpJ (S. W. T. Co., Ltd, fl2-J'Ylnlnmr l.b'::LYlf'I'1.Y1t1) (Jl~t'l~L'J~1 ~lJ.m~,:jm.t 
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• 


i1tntJRnJ~1L~~ufil'l ~'1LU~tJUJJ1L~m~11fi1L1r.l1U~1l-iil«'lL~~tl'lLilu~'luur.:n~u (soybean - free diet). " 
L~~fh4'~il~4'm'tm'll.!"'1n~111vlL1Jl1L~~LIJl1L",u~'ViUJJ1nLu«'lm~~'1 (Urasopon et aI., 200Sb) uj~~\+i1tn~ 

RnJ 6 L~tlU LrhJL~~"'~1n\t'lh rh~U{;lL~1'u;1Lilu day a "lI~'1m1fl{;l~~'1 
'Il1~\+U1VlL'Vif'l~ mfJ 6 L~tlU ~1U'lU 70 I'i'l UU'I~tlmllu 2 n~JJ f.1tl 

1. nflJJ Sham control (SH) ~tl nfiJJ~1~f1Jm1~hl'i"'L1J{;l~u1Vi'~'1 u~'Wl~U1t1ru,,:: tltln ~1U'lU· .. 

2. n~JJ Orchidectomy (ODX) ~tl n~JJ~l@lfumnhl'i{;lLtI~mii1Vi'~'1 U~::'Il1t1ru,,:: tltln~'1t'ltl'l 

;J1'1 ~lU'lU 55 I'i'l 

~~'1"'1 mhl'i"''''::L~tJ'I'''\+t1ltlluilmllu1::tJ::L'l~1 90 1'u L~~miim'll1L~~\+tl~LUt'lm'l ::'Vi1tl'leltlfLJJU 

L'Vif'l U~::Ln"'m'l::m::~n'VitUmJJn11~mn"ll~'1 Urasopon llfl::flru:: (2007; 200Sa) lnUl~~!YlYJn1 30 1'u (day 

30, day 60 U~:: day 90) mtJ~~'1"'lmhl'i"'U1l.! 90 1'u tiJJl~tln~\+n~JJ Sham u~::n~JJ ODX n~~~:: 5 I'i'l 

JJ1y'hn1trutJ~n~ ~'ltJ~111::mtJt)Ultlr Ln1JL~tl"''''1n~'lh U~::Ln1Jm::~n"ll1"l1'l1'VitlU1JU (right femur) m::~n 

\IU1Ll;J'I;J1'1"l1'l1 (right tibia) m::~nt{u"'~'1'VitlU~ 4 (4
th 

lumbar vertebra) l~~'Il11u1'(;')m~m::~n ~~::fI'llJJ 

",u1mlu"lI~'1m::~n U~::Ln1Jn1::~n~U1U;J'I;Jl'1;htJ (left tibia) LU 10 % phosphate buffer formalin L~~'Il11.U 
-;! • Id • I .li d ~ ~ 
rlmnm1llJ~tJUUlJtN'!Itl'llUtlLtJ~m::~n ~U1::"'1J,,!~ml"l (bone histology) 

'Il1~\+~L~~tl ~1U'l'U 60 I'i'l (n~JJ SH ~lU'lU 10 I'i'l U~:: n~JJ ODX ~1U'lU 50 I'i'l) l-I1UU'ItltlnLUU 

n~JJ~1..:J1 n~JJ~:: 1 0 ~'l LLfl::y'hn17Vl~fl~'1 L!YltJ1~~11t1l1'11 Vl1'1U1n U1U 90 1'u~'1~ 
1. n~JJ Sham ~1~f1J~1niu mm11l1 1 jjfl~~11l16u (n~JJ SH)· . 
2. n~JJ ODX ~l~fu~lniu mlJl1J111 jjfl~~(;I76u (n~JJ PMO) 

3. n~JJ ODX ~1~fum1'lLfiffi"lll'l '!IU1!Yl 10 jjfl~nfJJ/m~nflJ~1~Un~'l/1'u (n~JJ PM10)· . 

4. n~JJ ODX ~1~f1Jm1'l Lflltl1l1'lllU1~ 1 00 ilfl~nflJ/nLflnfJJ~1~Un~'l6u (n~JJ PM 1 00) · . 

5. n~JJ ODX ~1~f1Jm1'llflffi1l1'lllu1rn 1 ,000 jjfl~nfJJ/nLflnfJJ~1~n~'l6u (n~JJ PM 1 000) 

6. n~JJ OOX ~lr1lf1J 17U - ethinylestradiol "lIU1{;l 0.1 jj~~nfJJ/iiLflnfJJ~1",unl1i'l6u (n~JJEE) 
il~Ut'l111u.g'l'lL'l~1 OS.OO - 10.00 U. i'l~1~un"'\+I'i'lt{U~1~~::flf'l L~tl~n11LU~tJUUU~'1l1tl'l 

~1~Un~'l LLfl::H'R1'1l1",un~'l~1~uu~fl::t{u~1~mufu1frn1u.ln11L~n'l1'lLflffi1l1'l Ufl::mJJ1ru17a ­

ethinylestradiot Ln1JL~tlrnYJn1 301'u (D l20, DHXJ U~:: 0 100) ultlflnJ 90 1'u Yi1n1trutJ'il1(;1~\+~'ltJt'l1n::Llmt) 

Lfitlr Ufl::ln1Jm::~n~'lU right tibia, right femur U~:: 4th lumbar vertebra l~tl'll1'lu1''''JJ'lfln1::~n U~::fl'l1JJ 

~U1utlUlItl'ln1::~n Ufl::Ln1Jn1::~n left tibia LU 10 % phosphate buffer formalin L~tlu11u~m:nn11 
.ld.1 X d '\ ~ 
llJ~tJl.!LLlJfl'l'Dtl'lLl.!~ltJtln1::~n LU1::(;')U'ifl1l1f1 (bone histology) 
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Male rats (6 months old; 70 rats)
I 

Sham (15 rats) ODX (55
I 

rats) 

I 
I Induction of bone loss I 


90 days 90 days
I I 
I I 

Autopsy DW Autopsy 
(5 rats) (10 rats) (5 rats) PMO PMI0 PMl00 PMl000 EE 

I I I 
I (10 rats/gr) 
I I 

90 days I 

I 90 days 
I I 

Autopsy I I 

I I Aut~psy 

• 
III I I.. T T 

-Left tibia: Bone histological examination 
-Right femur, right tibia, 4th Lumbar vertebra: BMD and BMC 
-Uterus, liver, spleen and kidney: Weight 

Body weight: Weigh everyday 
Blood collection: Every 30 days for alkaline pheesphatase analysis 

Remark 

ODX = Orchidectomy 

DW and PMO =Daily feeding with 1 ml of distilled water for 90 days 

PMI0 = Daily feeding with 10 mg/kg of P. mirifica for 90 days 

PM100 = Daily feeding with 100 mg/kg of P. mirificafor 90 days 

PMl000 = Daily feeding with 1,000 mg/kg of P. mirificafor 90 days 


m';iUI~tI:IJ~I'1'a:::'a1t1m1'lLfl~"II1'l 

n1'llf'f1tl'!l1'l~1;nUn1fl9t1f1f'l~ lilum1'llflffi'!l1'l~1t1";uf Wichai III L"'t1U1~'lUtr'l"lltl,.m'J1'lLf'lffi 
'lJ1'll.l1~1'l1~~::mVl ufl:;tludju~U1J1'l1 ufl:;lhhltl1JU~'l~~N'"lJn 70 tl'lf'l1L"l!tU;tI~ "I1ntl'uU1:IJ11J"'LiluC-l'l 

ufl::m'fl'llm~'lJu1(;l 100 Mesh ln1J~'lm1'llflffi'!l1'l~1~u~u~'l ufl:;'Wilut\'lUCi'ICi'I U1e.1,m'l1'llflffi'.ll1'll.l1C-l~l.l 

~1niu Ufl:::ilflUWI'+~'ltl gavage feeding needle ~fI'l1l.ldil.l;rUllhn1J 10, 100 Ufl:: 1,000 nfl~nfl.l ~fl 
mflnfl.l~1,"l1nlff'l(;]flr)u ilflulUWl.l11'11f1f'lfl:: 1 13fl~SIR1 t\11U'.II'lUflfltln'l1'JLflffi'.ll1'l9::LI;iml.ll,"l-i'VJn1 

i1.1"'1," Wl.l1N~111vlLI'ILfl~Ll'ln9ulun'l1'Jlflffi'.ll1'lt\1t1";uf Wichai III "1nn1flLfln::,"~'JtI% HPLC ilfi1 

fl~1:;'\.d1'l 123 - 157 13fl~nfl.l/1 00 nm n'J1'lLf'i1fl'!l1'J (Urasopon et aI., 2008b) ufl::l~Yl"'t\tl1J~vi1h;'l 
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Lt1t'lLVI~tln (estrogenic activity) li''Jti% vaginal cytology assay U~'J (Malaivijitnond et aI., 2006; 

Cherdshewasart et aI., 2007a; Urasopon et aI., 2008b). 

m'iLP1~!lJ.l~'l'i~nP1n'l'l'lLft~'iI'!I'l'lLLiI::m'i1Lft'i'l::"'tbutl'i::n'il'Ul,nIRL'iI~LIR"iL~ULP1!l1H HPLC 

tjLf'ln~,rt'l1nh~nt1ulv-lLt;lLt1t'lLVlnIOjU n~J.llt1L'IIv-l~1L'JU r.nnn'J1'JLf'lffi'!l1'J L!1ItJLYlflUf'l high performance 

liquid chromatography (HPLC) 

... 
(2008b) ~\l11 

1. 	 u'1tNn'J1'JLf'lffi'!l1'l'l1hnru 50 nfJ.l ~t'lJ.lnu 95% Lt1Yltl1Ut1~ mJ.l1(;11 150 ii~~~(;11 u,1hIUJ.lLU 

incubator shaker ~~ru~JJii 50 t1.:lf'l1L"iI~L'DtJt'l U~~L'!Ith~f'l'J1m1'J 250 1t1U/U1Yl LUUL'Jfl1U1'U 24 

-B''JLl-J\l 

o '" ..J~ !AI J ., 	 .. ..2. 	 U1t'l11t'ln!1lLt1Ylfi1Ut1fl'Vl~!1I L1 n1t1.:l!1l'JtJm~!1I1Mn1t1\l Whatman LUt11 4 (Whatman No.4) Uf;\~LnU 

.J~ 1:'1 ~ "..J .. .J - ....
t'l11f;\~f;\1tJ'Vl ~VI L'l bU~LLlILl'!l.:l'Vl~ru~JJl-J -20 t1\l1'l1L"iIm"iltJt'l 

3. 	 u'1(;1~nt1u~m~t1r.nnn11t'ln!1lf'lf.:lLL1nltJ~t'lJ.lnu 95% Lt1'Vltl1Ut1fl mJ.l1(;11 100 iifl~flVl1 ufl~vh~1 
::. .J 

'tIU(;It1U'Vl 1 lLfl~2 


4. 	 u'1t'l11t'lnVl~1~"I1nm1t'lnVlf'lf\lumufl~f'lf\l~t'lt1\ll-J1~t'lJ.ll'll-Jnu 
... .d 


~CYCY1ml'l !1I'JtJLf'l1t1\l rotary evaporator 


5. 	 U1t'l11t'lnVl~11i'''I1n;;t1 4 ltJvhL~U~\lt'lU'Vl L~ltJu'11tJUl-JLU water bath ~~ru~.1Jii 60 t1\lf'l1L"iIm'DtJt'l 

::... ... .J~!AI ~ "..J a .J - ....J 0 ~. r;: .. , ~. I " .J
"l1nUULnUt'l11t'ln!1l'Vl L!1I b'J LU~lLlIU'!l\l'Vl~ru~.1JJ.I -20 t1\lf'l1l"ilflL"iItJt'l L~t1U1 Lu'JLf'l11~~(;It1 LuVl'JtJLf'l1t1.:) 

HPLC 


n 11'l Lf'l n ~it'l11tJ1::nt1u 1 v-lLVI Lt1t'lLVI n "IutJ1~nt1U~'JtJiuVI t1U ~.:)11 


1. 	 u'1t'l11t'ln!1l"l1niuVlt1U;;1':)~UJ.l1 3 iifl~nfll fl~fl1tJLUt'l11fl~~1mt1'Vlfi1Ut1flult'l'Vli (absolute• 
ethanol) ml-J1(;114.5 iif;\~V1r LLfl~Vh1~L~t1"11\lL!1Im~J.lt'l11fl~fl1tJ A (100: 0.1% v/v of deionized 

water: phosphoric acid) ml-J1Vl11 .5 iifl~Vl1 

2. 	 ~!1It'l1rfl~fl1tJ~LVl1tJl-Jl~ mJ.l1Vl11 0 'tJ.JLf'l1~V11 fl\l1Uf'lt1iUU'!It1'l HPLC 'tIU1!11 250 x 4.6 iifl~Ll-JVlr 

(ODS, Japan) ~fJru~JJii 25 t1.:)f'l1L"iIflL'Dtit'l L"'m~UU'tIt1'l HPLC tJ1~nt1ultJ~'JtJ Water 1525 binary 

HPLC pump, Waters 717 plus auto-sampler, and Water 2487 UV absorbance Dual Adetector 


(Waters, Milford, USA) 


... .J..J".J..J 'I.... .... 1 " 
3. 	 m~1 (mobile phase) 'Vlll'ltl bUn1:i'Lf'lflt1U'Vl'tlt1.:lt'l11 LUf'lt1fll-JU u1~nt1UVI'lti solution A (100: 0.1 % v/v 

of deionized water: phosphoric acid) Ufl:: solution B (100:0.1 of acetonitrile: phosphoric acid) 

http:u'1t'l11t'ln!1l"l1niuVlt1U;;1':)~UJ.l1
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'i' .... ~ ~ ..J.. - _... ~..J ~ .,..J , ... 
~~tll-ltl(;Jr1n11L"'~'lltl-3~11'Vlfl'J1l-lL1'J 1 l-l~~(;J1/'U1Yl U~::~1'J"'J~~11YlUtin L~'VIf'l1f'l'J1l-ltl1'Jfl~'U 225 

'U1L'ULl-l(;J1 

4. 	 y'hmflLf'l11::lf~111tlL'II~~1L'J'ULL~~::~U~~Vi1Jl'Um1'JLflffi'll1'J L~mUW1JLfitl1Jn1J retention time 

u~::ml-l1ru~'U~1~nr1~ (peak area) 'llt1\1~111t1L'II~~1~'J'Ul-l1~1~1'U 5 ~U£Pl Rt1 puerarin (>99 purity, 

LKT Laboratories, Inc., MN, USA), daidzin (>95 purity), genistin (>95 purity). daidzein (>98 

purity, Sigma-Aldrich, MO, USA) U~:: genistein (>99% purity, LC Laboratories, MA, USA) 

n1'iL91~tJ~'l41"i~::~1tJ 17 a - ethinylestradiol 
o 	 .J... ~ _ _ __ 1 	 . 

'U11:N 17 u- ethinylestradiol Yll-lf'l'J1l-l1J1QYlfiLYl1n1J 98% HPLC "1n1JntYl Sigma, St. Louis l-l1 

~::~1t1~'JtI absolute ethanol U~1..nru'l!tltl~~~. 4nmr'UL~l-l~1n~'U'1.'Ifl!llfl'J1l-lL;rl-l;)'U 1 0 l1~~nfl-l~t1l1~~~(;J1 
ibhh::mtl ethanol t1t1nL~tlLtlvu.h'1l'JVl~-3H;)1l-lR'U "1mr'ULn1J~11~::~1t1~Hi1~~tlru"'1Jl1 4 t1\1f'1rIL'II~L;tlt'l 

d a 0 '1.e11 _ ~ .:.,~" '" 
LVitlLn1Jd1'U stock solution 'U1t'l11~::~1t1 17 U - ethinylestradiol L1.JL"t1"1-3n1J'U1n~'U '1.", LVlfl'l1l-lL'lll-l;)'U 0.1 

i1~~nro (;\t1m~nfl-l~1WUn~'l ritl'U~::ll1hJiltl'Uwlj -,'Ut'l11fl::fl11:ml-l£Pl (Urasopon et aI., 2008a) 

~ 	 .., I ..ell 

Ln1J91'l'il!l1.:! L~'il61 

Ln1J~'ltlU1\1L~t1~"''J~-3U~ritl'U~''::;fi1m1I:h~£PlWI'+ (OJ 1l1t1",i-3m1I:h~V1'U1'U 9'0 t)'U ufl:::1::;wl1-311X 

t'l11~h,:j1 'U1'U 90 t)'U 1'Jl-l~\I~'U 180 t)'U ~'Jtlfl'J1l-l~YJn1 30 t)'U Rtl 0 0 60 0 90 0 120, 0 150 Ufl::: 0 180 ;'130, 


~'!'I .J '1. ov "" • I..J • 1 ... 'i'•.

r::;tI::L'l fl1 (;1-3 nfl1 'l Lu'U1::tI:::L'J~1YlL "'l-l1 ::;t'll-l 'Un111J'UYln mnufltl'UUu fl,:j'lltl\l t'l1T'Jl 'J u.J LflfJfl 'lltl\l m:::1J'J'Un11 

'lItll-lt'l~1\1LLfl::t'lfl1t1m::~n (biochemical markers of bone remodeling) (Delmas 2000; Alatalo et al., 2003) 

L~tlHL;l-lL1Jtlf 26 G x 1/2" L"1::;cJ1'Utr'Jl.,~t1,:j~1\1'll'J1 (cardiac puncture) 'l-1i,:j"1n~t'lfl1Ji(;Jr)'VIi11fltl\l~'ltl~ 

Lfitlf "1mr'U.,::ll1L~t1Vl1tJ~'U.~f'l'J1l-lLn 2,500 rtl1J~t1'U1V\ ~tlru'l-11Ji1 4 t1-3f'11L'IIflL;m~ LiI'U.1::tI:::L'Jfl1 15 'U1Vl 

Ln1J;*l-lH~~ruwJi'j -20 t1,:jfl\1L"ll~L;tlt'l L~t1ibii~~1"lhJ~1'l"t)~1::~1J'lltl,:j alkaline phosphatase ~'Jtli)fi 
Enzyme Immunoassay (EIA) 

1l1t1"'i,:j"1nfi1n1trumln(;JWIJ~'Jtlt'l111:::mtl~Lfitlf ,,:::fi1m1Lfi1Jm::~n'll1'll'J1~t1'U1J'U. (right femur) 
" .., ~ %. _ I.J th ~., ..t 

m::;~n"''U.1U'1l,:j'll1,:j'll'l1 (right tibia) m::;~nfitmtN'VIt1'U.Yl 4 (4 lumbar vertebra) L~m~1::;nfl1l-lL'U.t1t1t1n"1n 

m::~n ufl:::ll1cj1fit1"ll"ll1J~1Ln~t1 (0.9 % normal saline) l-l1ltt1m::;~n'1.~l1V1~~ u~~t1'Vi'1JJ\'Jtlm::~11ffltltl~ 

inltJlt'l'J\lVifl1t'l~n (zip lock) LLfl::;Ln1JH~tlru'l-11Ji'j -20 t1\1f1\1L"llflLiitlt'l 
, 

fl'l1l-l"''U.1UU'U.'lIt1'1m::~n (BMO) ,,::t)~L(;1t1'1.;rLf'lffi,:j peripheral Quantitative Computed 

Tomography (pQCT, XTC Research SA+, Stratec Medizintechnik GmbH., Germany) L~tl1~m::;~nt'l'J'U. 

.: , .: 'i'J' ... ... ... '1. '" '" ~ 
m::;~m'UtlLL'U.'U. (cortical bone) ufl::;m::~m'U.t1 L1 1\1 (trabecular bone) 'II\1l-l11t1~::;LtltI~ 'Un11'l(;1 ~,:j'U. 

http:ufl::;m::~m'U.t1
http:m::;~nfitmtN'VIt1'U.Yl
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- m~'!ln tibia Yi1n11i~(;\1L1'V1U~lltl~ proximal tibial metaphysis (TM) L1S~ tibial diaphysis (TD) 

- m~~n femur Vhn11iV1(;\1L1'V1U'I'IItl'l distal femoral metaphysis (FM) L1fl~ femoral diaphysis (FD) 

- m::~n~u'VI~'1vitlU~ 4 ( L4 ) 
., 

'VI~~~1mr'U~::,hm';jLRn::t.!(:.Jfl@l'ltJ XCT - 5.50E software (Stratec Medizintechnik GmbH., Germany) 

n1'Ifin'M;ifl'I~~fl.:j~~1.J~~Il'lfl"ll'8.:jn~fln. .. 
Il1tJ'VI~~~1nYi1n11rutJ~1~'VI\i~'ltJt'l1n::L'VItJiiLfitlf Yi1m1LnlJm::~n'VIU1L1;r'l;h~;1tJ (Left tibia) ~ 

lfl1::n~1l-JLl1tltlnL1~'l':u 10 % phosphate buffer formalin U1'U 72 i'l1l-J'l L1fl::ihm::~nl-J1 decalcification 

LV1tJn11L1'111u EDTA - G solution (EDT A disodium salt 14.5 nru, NaOH 1.25 n1l-J, glycerol 15 iJflSS~1 L1fl~ 

~1niu 1 00 iJflS~~1) d:l'U1~tJ~l'lS1 4 ~1.l~nt.! LV1m1.l~tJU EDTA - G solution VJn1 61.lV11t.! 'VI~~"1mr'UU1m 
dehydrate l'U ethanol ~R'l1l-JL;rl-J;U 70 L1.ltlfL~'Uvl90 L1.ltlfL~'Uvl L1fl:: 1 00 L1.ltlfL~'Uvl ~1l-Jfh~lJ U1m::~n~ 

1~1.l embedd lu paraffin L1fl~u111.l1'i'V1 section 'VI'U1 5 j.Jm lUL1U'l frontal plane L1t'l::u111.lEitll-JrJI'ltJ~ 

Hematoxylin & Eosin (H&E) (Urasopon et aI., 2008a) 

u1t'llfll1lm::~n~1~a.J1r;htJIl1'Vi LLt'l::';jLRn::t.!(:.Js@I'ltJL1.l1L1n1l-J Digital Image Processing Software 

Image Pro (Plus Software Media Cybernatics, Inc., USA) Lc;,tJYi1n11~n1i1 trabecular bone area ~'1Lfl'U 

lJ1L'lru~tl~"';1'1"1n epiphyseal plate tNl-J1 2 L1S:: 4 i1s~Ll-Jm (Cui et aI., 2004) ~~ltl~ 4 LV1tJ"::i~i~i'U 4 

windows ~tlt'llfl~ L1fl::il?l 3 fllfl~ ~tlm~~n'VI~~~'U 1'll-Jf'i1~1~~'1'V1a.Jl?ILvi1nlJ 12 f'i1/m::~n 1 ~'UI'VI\i 1 ~'l 
.0:11 I _ I I 

'VIltJL'vnnlJ 120 R1/n~a.J 

}2~nihtl~) 
tlnnLlJm 

LLfl~~(:.Jfl;tllJslUltllltl'l mean ± SEM ';jLRn::t.!R1R'l1l-J L~nJ;j1'l'lltl'l;tllJfl1~~1'ln~l-J(;]1'l 1 l'U,V1L'lfl1 

L~mn'U 'VI1tll'Un~a.JL~mn'UL1(;]R'Ut'l~'(1\L'lfl1 Lc;,tJl; One-way Analysis of Variance (ANOVA) lJ.fl::l'1~fltllJ 
'" - ,.r::...-. ......I

post-hoc test V1'ltJ LSD test tJ~l-J1lJR1f'l'l1l-JLL~n~1~l'11'lflCl~l'1 p<0.05 

mailto:LLt'l::';jLRn::t.!(:.Js@I'ltJL1.l1L1n1l-J
mailto:VI~~~1mr'U~::,hm';jLRn::t.!(:.Jfl@l'ltJ
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1. eJflmrl LfI'i'l::"'~'l1.nJ~n'81..1lyfl"L'8~L""iL~'U';nn m'l'lLfI~'8'!1'l'lL(;\!I~fi HPLC 

fl11LvlLlnntlflLlnn",U LtlL"lIvltnL'lUlJ1t;\1S1U 5 "lIl!C;) ~tl Puerarin, daidzin, genistin, daidzein ll~:: 

genistein Lrltl';)Lfll1~"''ltJ HPLC "'::Lfl~tl\J,tltlm.J1"'1nfltlttlJtr~L'lt'l1 12.95, 17.75, 24.68, 33.35 Ut'l:: 42.18 

\J,1Vi 1n1lJ~1~U (l71'll1.J~ 5) LrltlU.1fi1fl11lJ11n1j1\J,~fI'l1lJL;rlJ;ru(;h'l 1 llt'l::fi1~U~1~m'1~ (peak area) lJ1 

'l1~t'l'lUUnl1~ LLt'l::fhu'lt1.!~1fi1fl'l1lJilJ~utf'Vtuilrh If =1.0 (171'l11.J~ 6) "'1nmf)Lfll1::\f~'1n'l1'lLflffi'JJ1'l.... 

tfhnt1.! 100 nfu 'Vtu'hiifl11LtlL'IIvlt'l1L'lU 5 "lIl!C;) 1'llJ 77.21 iit'l~nflJ LrltlUElmtlull(;jt'l::"lIl!~'VtuiimlJ1t1.!"lItl-:J 

puerarin, daidzin, genistin, daidzein and genistein L'vhnu 46.15, 11.94, 9A5, 1.42 llt'l:: 8.25 iit'l~nfl.J 

t;\1l.JihilJ 

l1.J~ 5. llfl~'1 HPLC fingerprints 'JJtl'lfl11LtlL"lIvlt'l1L'lUl.J1t;\1j1U 5 "lIl!C;)~tl puerarin, daidzin, genistin, 

daidzein LLt'l:: genistein 

0 .020 

0.018 

0.016 

0.0'''' 

0012 

::> 
c( 	 0.010 

0008 

0.006 

U.U04 

0,002 . 

0.000 

000 

Minute 

• 
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tU~ 6. Ut'lc;) ..:Jj'h'tflL'lil'ltnL'l'lnl1U11l1'U 5 "l!U!1l~fl puerarin. daidzin. genistin. daidzein U~:: genistein u~::,h 
X ..J1'" ..1'n'UYi U1nnn (peak area) 

6000000 

d 
~ 4000000 
oj 

~ :%000000 

0 

6000000 

d 4000000e 
~ .,. 
-a 2000000 
J:. 

0 

y=5384711.56x-780.41 
R2= 1.00 

0 0.5 1 1.5 

Daidzin amount (ng) 

9000000 

c:: 
6000000 

~ 
-a 
;l 3000000 
c.. 

0 

y =4856663.59x+ 8491.67 .
1000000R'= 1.00 

0 
0 	 0.5 1 1.5 

Genistin amount (ng) 

6000000 
.;: 

t 4000000~ 

-a 
oj 

<:,)

::.. 1000000 

0 
0 0.5 1 

~. =3910551.31x+ 5148.55 
• RI=1.00 

10000000 
c:: 8000000 
~ 6000000 
·13
.J 

,.<:,) 4000000-

0 0.5 1 1.5 

Daidzein amount (ug) 

y = 7984543.40x-1340S.84 
RI= 1.00 

0 	 0.5 1 1.5 
Genistein amount (ug) 

1.5 
Puerarin amount (ug) 

2. nI'iAnH'le.lt't'tl'8·:Jn'l'i1. 'l4n'l'l'l LfI'i'8't1'l'l t;i'8 nI'ifnH'l1\'l'l~n'i::"'n'W't'i\J1.\J~\Ju.'il1L,"ALil!l ;1cm-i'mh1.'14q,a.... ... 
Ln"'1\'l'l~n~"'n'W't'i\Jt"'!Im'ii",-i'-.1'l,j'8'8n

OJ 	 • 

" 
2.1 . u.1'lnrn~'l"'~ 

~1nm1LmEJ1JLV\EJ1J~1"'l!n~'l"'\fi..:l 2 n~~ LnflLhJn11Y1"'~fl,:jl'U1'U~ Do b.i'n1JfI'l1~uU\nvh..:lflti1..:1i1 
l!EJ~1';'1!Y11..:1t'lti~ (p>0.05; tU~ 7) uvl1l1EJ"'i,:j~1nm1~!1If..:l't,jl'U"'\fn~~ OVX 'n1J~1~1"'l!n~'l"'\fl~~;'U 
flti1..:11'lv)L~flti1..:1i1l!EJth';'1!Y11..:1t'lti~ (p<0.01) G~i..:luvl1'U~ 14 (014) "l!fl..:lmlYlV)t'lfl..:l L!1IEJ'h~1"'l!n~'l"'\fl'U 

http:7984543.40x-1340S.84
http:y=5384711.56x-780.41
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~ .J ... . ..,.J .1 • +., +., 1 ., .J
'lU'Vl 90 (D~ ~fn~-3n'l1'lU'Vl Do u1::mru 1.25 L'Vl1 (325.26 _ 3.19 nTl-l Ufl:: 395.35 _ 5.27 m~ U'lU'Vl 0 

LLfl:: 90 tn1~~1~U) U~1U'Vl1-3niunul'lU~1~1lnrn~'l"''Ulun~l-l SH ilfi1fl~fFlLflni.(iltl1u'Il'l-3 60 tJUU1n'lltH 

n11'Vll'lflil-3 1;j1ntT'Uf'i1~,:miu;:i'U~~1l1'l::1.Jn~1'UtJ'U~ 90 (Doo) 'lIil-3n11'Vl(M~il-3 ~.:JtT'UL~ilLUmULY\ElU~1"'~n~'l• 
I I" q I I'" I ... .., ..,..c:.._ ::.. .... ..J0 I 

'D'fI'll-I'Un~l-l OVX LLfl:: n~l-l SH ".:J~f'l1utnntn1.:Jn'Uiltl1.:Jl-l'UtI~1f'lqj'Vl1.:J~C1tn (p<0.05 LLS:: <0.01) tn-3LLtn'lU'Vl 14 

'lI'fI.:Jn11'Vll11S'fI.:J 

L~ili1'f1'U~11LL'D'l'Ufltltln'l1'lLfl1'fI'lI1'l1,xuri"''Un~~ OVX 'Vl1.:J1.hnYJntJ'ULi~1'UL'lfl1'U1'U 90 tJ'U ViU~1 

~1"'~n~'l"''U~ I'Ifl-3 'fIEl1.:J d'l-l'ri' 'Ufinu'll 'U1 I11'Dil-3 n'l1 'l Lf'lffi'1l1'l~1,x ,r'URil ~1"'~n~'l"''Ufl 1'1 fl.:J~1n~'U~il1,x 
n'l1'lLf'l1il'1l1'l1'U'1I'U1"'~~.:Jf'U t~tI~1"'~n~'l"'\f~l!i1nm'l1'lLf'l1il'll1'l1'U'D'U1111 1 ,000 i1fl~nf~InLflnf~ ~1"'~n 

~'l6'U (PM 1 000) iI'D'U1~LVhnu"'lJ~Hifue:JilfU.J'ULtl~tj;l1L.,'Ud'.:JLf'l11:;~ (17U-ethinylestradiol) 1'U'1I'U1111 0.1 

~fl~nf~/ntflnfl-l ~1"'~n~'l6'U (EE) LLS:;'WLLtnn~1.:Jtlti1.:Jii~mhRCY'Vl1.:Jfl~~ (p>0.05) L~tlLYitlUnm~lJ1'Un~~ 
SH tnfl'fll'l1::tI::L'lfl1'U1'U 90 tJ'U'1I'fI.:Jn111""fl11 

UJ!~1~1"'~n~'l'lltl.:J"''Un~l-l SH iiLL'U'lLi.(~L~~~.:J;'U1'U'Il'l.:J~I11Vl1t1'l1tl.:Jm1Yl I'Ifl'fl-3 LL~tiu.:Jf'l.:J'Wiif'l'l1~ 
I I .... _ 0 _ __............ _ 
 .J 

LLtnntn1.:Jtltl1.:J~'UtI~1f'lCY'Vl1.:J~C1tn~tlL'VltlUnU'l'U'Vl 0 (Do) 

vJ~ 7, LL~~Hf'i1L'Tl~tI~1l.nrn~'l'1lil-3m.1n~~ sham (SH) LLs::"'lJ~1~fum1~li\f-31'Ji (OVX) 1l1t1",i.:J"1nlJlfu~11 
esthinylestradiol (EE) 1'U'l1'U1111 0.1 ~fl~nf~/ntflnfl-l ~1"'~n~'l6'U ",ffi1!i1fut'l11LL'l1'l'Ufltltln'l1'lLf'lffi1l1'l 

1'U'D'U1~ 0, 10, 100 LLfl:: 1 ,000 i3fl~nf~/ntflnfl-l ~1"'~n~'l6'U (PMO, PM10, PM100 Ufl:: PM1000 

1n1l-l~1~U) Lil'UL'lfl1'U1'U 90 tJ'U LLt'l~.:Jri1Lntl.:JLU~1tn1~1'UL'Tll'l1::n~l-l SH Ufl:: OVX LvhtT'U 
o _ .d &.:J .... I 

• LLt'l:: .. = p < 0.05 LLfl:: 0.01 U11l-lfl1~U~tlL'Vltl1Jn1Jn~l-l SH 

Pr('-trt"atlD(,ll t TrE'atm("nt
I __~H 

- ... -II: 
IOC! -- -{) ­

38(0 


E. 3C1ll
.f!' OVX 
:., ltO ..L ~/
'5 T ,. 

=U(I ~ 
30{' 

lI'J y .... 

OY:l.: $* ~ 
nno ~~ , 

-+-p:\noo / ~ - I 
_p:\noo~r' _ ' II 

~L <:r-­
~* -

o 8 12 Hi 20 2t 

http:LL~~Hf'i1L'Tl~tI~1l.nrn~'l'1lil-3m.1n
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.,
~ ~ _ _ I I I.... I <Qj.... 0 _ .c::.".,." 

L'U.tl.:l91 n'U.11mn (;1,)'lltl.:l~\?Uttlfl::n~lJ U(;1n ttl1.:1 n'U.tltn.:J lJ'U.1If11f'1 qjYl1.:1 flU (;1 1'U.LL~fl::'ll,).:IL,)fl1 f1l.:lU'U. 

J1wUntl1'm::~'l~1'U.')ruLiI'U.J1~Untl1'm::ilJliYlti (J1~Untl1'm::/J1~un~')) 
LmllllLY\lIlJn'U.'l~:i'::~~1.:Jn~lJ~1'l 1 

Jl111~~'l91n~~f.:l'llld:J'U.L,)fl1'U.1'U. 90 1''U. 't'IlJ~1J1~UnilJnYlti~tl.:JlJl1I~n, ~1lJ ufl::~1'U.~\?n~lJ~~~f.:J 
'l,) (OVX) ijFi1~1n~1n~lJ SH tlth'l;:jumh~ryYl1.:1f1~~ (p<0.05 Ufl:: <0.01, ltJ~ 8) lImt)'U.J1~Un~lJ~'W 
LU;m~1.:1tlth'l.;:jUlI~1f'TryYl1.:1t'1i)~ (p>0.05) LLfl::L~tlLill.:J~\?~tl'ltlilmil'U.L,)fl1'U.1'U. 90 1''U. (D,oo) 'YilJ~1J1~un 
ilJnYlti'lltl.:JlJVl~n, 'lttl Ufl::~l1 1'U.~\?n~lJ~~~f.:J'l1l (OVXIPMO) ijI'i1~1n~1n~lJ SH tlEh.:J;:jUll~1~ryYl1.:Jt'I[i~ 

(p<0.05 Ufl:: <0.01) Ufl::L~tl1~t'l1:i'LL'lI,)'U.fltlllm1,) Lf'iffi'll1,) Ur\~\?'t'Ill~1J1~Untl1'm::ilJnYltit'l1lJ1:i'U n~lJ f'1'U. 

lJ1;:j f'hln~Lf'ill'lnlJ~\?n~lJ SH tlri1.:1 ilJn'U.tinlJ'lI'U.1 Vl'lltl.:l m1,)Lf'lffi'll1')~1~ L~m'Yl't'l1::tlri1.:J~.:IJ1",UnlJ ~~n 

ilJnVlti t'l')'U.~\?n~lJ~'l~flle:1tlfi:lJ'U.Ltlt'lL(;1:i'L~'U.i.:lLf'ln::~ (EE) J1~untl1'm::ilJ'rl'V1tivT.:I~lJVln~lJR'U.lJ11n~Lf'i1l.:J 
nlJn~lJ SH (p>0.05) 

, 

,. 
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lU~ 8. LL~(iNR1L'tl~tl~1\.nrnfllJ~Vlif'll'tl-3lJI.9I\'ln, ~1lJ. 'Wl LL~:;t;T1Jlu~'Jn~lJ sham (SH) LL~~'J~~f1Jn11t;T~f-3 
'bi (OVX) U1U 90 LL~:; 180 1'u LL~:;111tl~~-3r,nnlf11f1Jt'\11 esthinylestradiol (EE) lU'lIU11.91 0.1 i3~~nflJ/ 

iiL~nflJ ~1~l!nl'l'l6u ~ffiU'fut'\11LL'lI'lU~'tltln'l1'lLfi1'tl'll1'llU'lIU1~ 0, 10, 1 00 LL~:; 1,000 i3~~nflJfriL~nflJ 
~1~l!nl'l'l6u (PMO, PM10, PM100 Ll~:; PM1000 ~m.Jth(;\1J) d:lUL'l~1U1U 90 1'u ~~-3"11n~nl'll.9lf-31"ll 

* LL~:; ** = P < 0.05 LL~:; 0.01 lJI1lJfl1(;\1Juj~lLV1tl1Jri1Jn~lJ SH t;T'l€nH1tJULLvi-3m1~LLvi~:;€ulh 
LLlJIngj1-3riu~mtln-3ilf'l'l1lJLLlJIngj1-3riuVn-3t'\ii~ (p < 0.05) 
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2.3. Lf'lNflh-l1::~1J'~[)1f'l'lltl·.:m1::l!ln 

ll1tJVli-lI1lj;l1-l1,hnu 90 tJU (O~) trabecular bone area ~j;l~-ltlEh-lLiru1tJi'f~ujtlLYitJ1Jn1Jn~1-J 

SHoo lu"!Iru~ bone marrow cavity L~l-J~U (ttl~ 9) ~1nimiru::~-ln~h'lLtlummuETu1tii''i1m111lj;l1-l11iu~::: 
~-lHU1U 90 tJU fl11-J11(lfn':hl,xVl\fU1l'ILYif'lLi1mnj;lfl[)1'l:::n1:::~nYiru1~~1-l Ll~:::Lrltl~-lVl\fll1tJVI~-l~1nl1l~1-l 
1,Hu1Un-l 180 tJU (OV~eJPMO) ~-lvhl,xflll1'l:::n1:::ronVituL~1-J1-J1n;u ~-lflll1'l:::~-lnfh'lfl1m1(l~uni1J~u 

~ " .J ~ ,,~ .. ~ ~ % .,.
l-J1 b~Ll-JtlVl\f L~11Jfl11U"!I'lU~tltJm1'lLf'I1tl"!l1'l (PM) LL~::eltl1bl-JULtlfl bVl1L~U'(;j-l Ll'Il1:::VI (EE) 

LlitlLUro1JLVitJ1Jf'h %trabecular bone area (%BA) 1:::VI~1-ln~l-J SH Ll~::: OVX ll1tJVli-ln1111l11l1-l11i.. 
_ I I I ~ I 0 I I I 

U1U 90 U~::: 180 'lU Yi1J'l11'11 %BA 'lltl-lVl\fnql-J O~ 1-J1'I1V11m1V1\fn~1-J SHoo tl~ 65.4% (22.79 ± 1.34 U~:: 

7.88 ± 0.99 fl1V1f1JVI\fn~1-J SH90 LL~::: OV~ Vl11-Jfi1~1J .(p < 0.001)) LL~::: %BA '1Itl-lVl\fn~l-J O~eJPMO il~h . 
~1n~1V1\fn~1-J SH I80 LVl1n1J 72.72% (17.71 ± 1.42 U~::: 4.83 ± 0.42 fl1V1f1J'l..\fn~1-J SH I80 LLfl::: OVX180 

VI1l-Jfi1~1J (p < 0.001)) ~-l Ufl~-llUttl~ 10 LntlLmtJ1JLYltJ1Jf'h %BA lUVI\ftln~~'W1~11l~1-l11i lULL~'lltl-ltl1~VI\f 
.J...:.t II ~ ~..t .... .fil.dl 
'YILYil-J"!IU Yi1J'l1f'l1 %BA fll1lfl-l 22.29% (p = 0.004) Ll-JtlVl\ftl1~LYil-J'lJU~1n 9 Ll1ItlU (SHoo) LuU 12 Ll1ItlU 

(SH100) LLfl:::u1tl~~11ru1f'l1 %BA ~LtI~tJULL,Jfl-l1tltlti1-ltrl-J~ufin1Jtl1EJLLfl:::n1111l~1-l11i 1:::VI~1-lVl\fn~1-J OVX ~ 
4.... ., I .J.CIII d I I .4 

1-Jtl1£J 9 L(;1tlU (O~) n1JVI\fn~l-J OVX 'YIl-Jtl1£J 12 Lj;ltlU (OVX1aJ Yi1J'l1f'l1 %BA fl(;1fl-l~-lm 38.70% (p < 

0.01) 

Lrltll,xfl11U'll'lUfltltJm1'lLl'lffi'll1'llUVI\f~l1ll1lf-l1'liLLfl:::~-lHU1U 90 tJU Vi1J~1fl1m1mjtl-lnUn11~~fl-l 
'1Itl-lf'l1 %BA 1~ L(;1m'il.Yi1:::tlri1-l~-lLrltll,xm1'lLl'lffi"!l1~lU'1IU1(;1~~-l;U ~~tl %BA lUVI\fn~l-J O~ LVl1ri1J 

7.88±0.99 ufl:::luVI\fn~l-J PMO, PM10, PM100 U~::: PM1000 ilrl1LVl1ri1J 4.83 ± 0.42,6.73 ± 0.92, 7.45 ± 

0.93 Ufl::: 8.01 ± 1.27 Vl11-Jfi1~1J ~-lUfl(;1-l1ultl~ 1a U~::f'l1 %BA '1Itl-lVl\fn~l-J PM1 000 ilf'l11n~LREHn1JVI\f .. 

n~l-J EE (%BA = 8.67 ± 0.96) Utln~1nUYi1J~1f'h %BA "!Itl-lVl\fn~l-J PM 1 000 Ufl::: EE ilf'l1~-ln~1V1\fn~1-J 

PMO tlti1-li1,rtJfl1RqJ'YI1-lt'l(i~ (P<0.05) LVl1n1J 65.8% Ufl::: 79.5% Vl11-Jfi1~1J Ufl:::~-ln~1n~l-J O~ L~nUtltJ 

(P>0.05) LVl1ri1J 1.64% LLfl::: 1 0.9% l'111-Jfi1~1J ~-lLlfl(;1-l~1n111~11Jm1'lLf'l1tl'1l1'llU'lJU1~ 1,000 i1~~nfl-J/ 

nLflnrn ~1V1,rnl1l'l6u Ufl:::eltlfU.JuLtlt'lLVln~utr-lLI'I11:::ilU'llU1(;1 0.1 ij~~nfl-J/iiLflnfl-J ~1V1'unl1l'l6u U1U 90 

tJU lUVI\fU1'YILVif'lLiltJ fl11-J1:mvhl,xn1::'OnVlu111l'lni1Jfimn1~ U~tlti1-lhnVl11-Jfh %BA lUVI\fn~l-J PM1000 . 
Ufl::: EE ET-lf'l-l~1nt}1'11tl-lVl\fn~1-J SH I80 tlti1-lil,rtJ~1RqJ'YI1-lt'ln~ (-54.77% Ufl::: -51.04% Vl11-Jfi1~1J, p<0.01) 

• 

http:0.42,6.73
http:7.88�0.99
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0­

L1~~ 180 tJ'W LL~::Jl1[J",tr'l"l1nlrJi'f1J~11 esthinylestradiol (EE) 1'W'1I'W1c;l 0.1 ilt'i~nrnIfiL~nf1-l u1wll'n~'lI1''W 

",ffilrJi'fu~1nLlI'l'W~tltJm1'lLfl1tl'1l1'l1'W1I'W1(;l 0, 10, 1 00 L1t'i~ 1 ,000 ilt'i~nf1-l/iiLt'infl.l ~1wll'nlJi'lI1''W (PMO, 

PM10, PM100 L1t'i~ PM1000 ~1l.l~1~1J) LilUL'lt'i1'W1'W 90 tJ'W ",tr'l"l1n~n~(;lf'l1,j 

• 

• 

1 
c 
o 
0\ 
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ItJ~ 1O. u.~(;l'lfhL'll~tJ %trabecular bone area LUWIJn~l-I sham (SH) u~::;'\..nJ~1~f1Jn11v1(;lf'l1,j (OVX) U1t.! 

90 U~::; 180 tlt.! (n11yh~n~l-I1Jt.!1I'J1) U~::;1l1tJ'\.I~'1(·nnl~f1J~11 esthinylestradiol (EE) Lt.!lIU1(;l 0.1 i1~~nm/ 

iiL~nfl-J ~1'\.1Unv1'JI'lU ,lffil~ru~11Ull'Ju~tltJm1'JLf;1tl1l1')1t.!1It.!1~ 0, 10, 100 U~::; 1 ,000 i1~~nrninL~nfl-l 

~1V1unv1,)I'lU (PMO, PM10, PM100 U~::; PM 1 000 1R1l-Jthl7llJ) LtlUL'J~1U1t.! 90 tlU VI~.:J"1n~nv1(;lf.:Jl,j 
v1'ltlm~trut.!uvl'ln11~ul1i~::;tlw.i1UlRn~1'1nt.!'\.Il-J1tJn,:jilfl'l1l-JUlRnI1i1,:jnUVI1.:Jt'lati (p < 0.05) 
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2.4. 1~~lJ alkaline phosphatase lyiilfl-J 

fl1u'\.ut-1n11~~f-11';'U1'U 90 u.~~ 180 .J'U (n~l-J OVX) VilJ~11~~lJ alkaline phosphatase l'Uiilfl-JilI'i1 

L~l-J~-1;Utl~1-1ihru~1A'ty'Vl1-1~~~ (p<0.05 u.~~ 0.01) l'U'II'J-1 90 .J'Uu.m Li1tlLYiUlJnlJn~l-J SH (lll~ 11) u.~~ 
U'lf'1-1L~l-J~-1~'Uvitlllltln'U1'U 30 .J'U ritl'U~~~~C;)~1~-1l-J11n~Lf.)El-1nlJn~l-J SH l'U'II'J-1 60 .J'U~",i11UlItl-1n11 

'Vl"'~tl-1 (0'50 LL~~ 0'80) LL~~Lrltll""~11u.1I'J'U~tlUn'l1'JLf'iffi1l1'Jl'U1I'U1'" 0, 1 0 u.~~ 1,000 ~~~nfl-J/nt~nfl-J 

~1V1l!n~'J/ .J'U (PMO, PM10 u.~~ PM1000) 'U1'U 90 .J'U L~tlLUffi1JLYlU1JnlJn~).J OVX VilJ~1'Wiif.l~6itl1~~lJ• 
alkaline phosphatase l'Uiilfl-J L",u'W'Vi11""1'i1L~l-J~'UVlfi1~"'~-111l~1nn~l-J OVX un~'Un~l-J~1~flJn'l1'JLf'1ffi 
1I1'J1I'U1'" 1 00 ~~~nfl-J/nti\nfl-J ~1V1l!n~'J/ .J'U (PM1 00) ~1~~1J alkaline phosphatase l'Uiilfl-JiiI'i1~'In~1 
n~l-J OVX ~~t:l"'1~U::L'J~1~1~fu~11 L'Il'UL~mnlJn~l-J~l~ful!t:lfll-J'U EE ~r~~lJalkaline phosphatase l'UtDfl-J 

iii'i1~'1t:l~~~t:l"'L'l~1 'Wvi1'1"11nn~l-J OVX l'Ur::~d1'1.J'U~ 120 LL~:: 150 (0'20 u.~:: 0'50) ;'1i'i1~~'1~ U'lf'l'l~'1t:l~ 
~'Um::i'l.J'U~ 180 (D'80) 9'1vhl""i'i1 alkaline phosphotose "lJt:l'lVl\tn~l-J EE l'U D'80 ~'1ntj111t:l'lVl\tn~l-J OVX 

u.~::'WntrlJf')'U~1::~lJ"lJt:l'lVl\tn~l-J SH l'U"lJru~r::~lJalkaline phosphatase l'UtDfl-J'Dt:l'lVl'Jn~l-J SH ilI'i1f'1'1~ 

f1~tl"'n1r'Vl"'~t:l'l 180.J'U 

11l~ 11 . U.~~'11'i1Lil~U alkaline phosphatase l'UtDfl-J hVl\tn~l-J sham (SH) u.~::VI\t~l~flJn1r~"'f'll'; (OYX) 

1l1ElVltr'l~1nlci1flJ~1r esthinylestradiol (EE) l'U'lI'U1'" 0.1 ~~~nfl-Jrnt~nfl-J ~1V1'l!n!iT'J6'U Vlffil~flJ~1r 

u.'II'J'U~t:lEln'l1'lLf'l1t:l'll1'l1'U'JJ'U1'" 0, 10, 1 00 u.~:: 1,000 ~~~nfl-Jrnt~nfl-J ~1V1'l!n!iT'l/.J'U (PMO, PM 1 0, PM100 

LL~:: PM1 000 ml-Jih~lJ) LtI'UL'l~1'U1'U 90.J'U LL~"''11'i1~nmL1J'Ul-J1~rS1'ULil'Yn::n~l-J SH LL~:: OVX L'Vh~'U 
o _ .c:U 4 _ I 

• u.~:: •• = p < 0.05 u.~:: 0.01 f11l-J~1"'lJ Ll-JtlL'VlEllJnlJn~l-J SH 
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2.5. ~1fl'l1t1·Wu.1u.tiunn;~n (Bone mineral density; BMD) 

fl'l1t1V1u1u.tiym:;~n'JI~'lm:;'Zln~~'Wi'l (Bone mineral density of trabecular bone) 

mtl~~'lr,nn~(;)f'l11iu1u 90 1u 'YilJ~1fl'l1t1~U1u.tium:;~n'JI~'lm:;~m;1~'Lui'lYT'l 3 ~'lU ~~ tibial 
th ... • 0

. 
1..:..1 _ 0 _ -., __ 

metaphysis, femur metaphysis U~:; 4 lumbar vertebra tlfl1~(;)j;J1fN~tI1'ltlUtI~1fltlJtI'l'VI1'lt'lClf;l (p<0.01) 

u1~LVitllJnlJn~tI SH (lU~ 12) ~1n~mfru~rK'ln~1'lLtlu01rliuuul~~1011~Cftf'l1,jufl~~'lHU1U 90 1u 

~1t111C1im'bl~~\+Ln(;)~m'l~m:;~n'Yi!u~"'1'l u.t;lLrl~~'l~\¥I1t1~~'l~1n~Cftf'l1"1il,)U1ut1'l 180 1'u (PMO) 

'YilJ~11l1'l:;m:;~n.,.q'u'W~Cft~'Ilu"'1m~tI ii'ufi~'WLLf;ln~1'l"'1nnqtl OYXro 

u1~1~t'l11U'JI'lU~~tl0'l1'lLflffi'JI1'llu~\+~~~f'l1'11u.~~~'lHU1U 90 1'u 'YilJ~1t'l1t111C1il~'lnU011f1"'~'l'JI~'l 
fl1fl'l1t1~U1u.tium:;~nl~ 'LCftm'il'Yi1:;~ri1'l~'lLrl~1~0'l1'lL~il~'JI1'llU'JIU1'" 1 ,000 il~~nftl/nL~nftl ~1~~n~'l/ 
1u (PM1 000) fl'l1t1~U1u.tiUm':;~nilfi1~'ln~1'J1~'l~\+n~tI OYXro ii'ufi~ fi1fl'l1t1~U1utium:;~n~'lu tibial 

metaphysis, femur metaphysis LLfl:; 4th lumbar vertebra lu~\+n~tI O~ LVl1nlJ 0.212±0.023, 

3 3 ' I ­0.282±0.038 U~~ 0.249±0.010 x 10 mg/cm u.~~'JI~'lW1Jn~tI PM1000 L'VI1nlJ 0.239±0.012, 0.299±0.007 

u.~:; 0.285±0.008 x 10
3 

mg/cm
3 (~ffifl1fl'l1t1~u1utium:;~nlunqtl PM ilfi1~'ln~1n~tI OVX LVl1nlJ 12.76, 

6.02 U~:; 14.45% f;l1t1~1~lJ) ~'lrh~l~'JI~'ln~tI PM1000 ln~Li'1t1'lnlJ'JI~'l~\+nqtl EE ~iifl1LVhnlJ 

0.233±0.011, 0.296±0.015 u.~:; 0.282±0.009 x 10
3 

mg/cm
3 11l1t1~1~lJ u~~ri1'lhnmtlfl1fl'l1t1~U1U.tiu 

• - 3 3 0_

l'Vl1nlJ 0.346±0.022, 0.412±0.014 U.fl~ 0.301±0,01 0 x 10 mg/cm 11l1t1~1~lJ 

.­
fl'l1t1~u1u.tium:;'Zln'JI~'lm':;'tlmll~u.tiu (Bone mineral density of cortical bone) 

mtl~~'I"'1nvT~f'l1'11u1u 90 1u 'YilJ~1fl'l1t1~U1LLtium':;~n'JI~'lm:;~md~u.tiuYT'l 5 ~'lU fi~ tibial 

metaphysis, tibial diaphysis, femur metaphysis, femur diaphysis lLfl:; 4th lumbar vertebra 'JI~'l~\+n~tI 

OV~'Wiifl'l1t1Ul1ln~1'l~ri1'lii~tI~1~t1!'VI1'l~i1~ (p>0.05) (lU~ 13) Lrl~LVltllJnlJ~\+n~tI SHgo UlJiLrl~~'l~\+ 
Hmtl~~'l"'1n~(;)f'l11iu1ut1'l 180 1'u (PMO) 'YilJ~1fl'l1t1~U1utium'~~n'JI~'lm~~md~LLtiu 4 ~'lU ~~ tibial 

diaphysis, femur metaphysis, femur diaphysis Ufl:; 4th lumbar vertebra 'JI~'l~\+n~tI Ovx/PMO ~(;l~1n~1 

~\+nqtl SH 100 ~'lUt'l(;)'l~101rin1l11~Ln(;)m'l:;m':;~n'Yitulum':;~nL~~utiUr.lj~H'L'l~1u1'Un~11um:;~nL~~ 
'Lui'l 

u1~1~t'l1nL'JI'lu~~tl0'l1'lLflffi'JI1'llu~\+~vT"'f'l1"1iLLfl:;~'lHU1U 90 1u 'YilJ~1t'l1t111C1il~'lnU011fl(;l~'l'JI~'l 
fi1fl'l1t1~U1Utium':;~n1~ 'L(;)tlt'l1t111C1il~'lnul~Ul!u(;h~~1~0'l1'lL~ffi'JI1'l1U'JIU1 (;l~1LYitl'l 1 0 il~~nnJ/ 

nL~nftl ~1~~n~'ll1'u (PM 1 0) LtlU~ti1t'lUh~ri1'l~'I~1 fi1 fl'l1t1~U1Utium':;~n'JI~'lm~~m;1~ LLtiU~L~tI;'Uhl 
iftllf'UfinlJ'JIu1(;)'JI~'I0'l1'lLfl1~'JI1'l~1~ tlOL~u~m:;~n 4th lumbar vertebra 
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~ I.... ,.J , .f ~. I' 'I' .J'l1:'- - -
lU'Vl 12. LL~~.."lPl1L'TlfU.lfl'l11n1'U1LL'U'l.!n1::~n"D~.."lm::~m'U~ ~uN ~'U"''lJn~lJ sham (SH) U~::"''lJ'Vl Vlnm111111'tN 

'l'li (OVX) 'U1'U 90 LL~:: 180 t)'U Lt~::Jl1t.1"'~.."l~1n'l~f1J~1r esthinylestradiol (EE) lWII'U11't 0.1 n~~nflJ/ 

n.t~nflJ ~1",un~'l6'U ",1~'l~fu~11Ull'l'U~~t.ln'l1'lLPl1~"D1'l1'U'!l'U11't 0, 10, 1 00 U~:: 1 ,000 n~~nhlfrit~nflJ 

~1"'Un~'l/t)'U (PMO, PM10, PM100 U~:: PM1000 1111lJ~1~1J) Lij'UL'l~1'U1'U 90 t)'U "'~.."l~1nQn~I'tf.."l'l,] 
o _ ... q _ • 

* U~:: ** = p < 0.05 LL~:: 0.01 ~1lJ~11't1J LlJ~L'Vlt.l1Jn1Jn~lJ SH 

~'l.aminJ'ULLv1.."lnnvlul1i~::.a'UlhLt(;1nI1i1.."ln'U"'lJ1t.1t\'1i:lPl'l1lJU~n~1'1n'U'Vl1'1~t1~ (p < 0.05) 

+-----------180Days-----------+~ 
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~ ,..I ,..J , J' ' 'I' ..J1J!~ ~ ~ 
~lJ'V1 13. U.fl~'1~1L~t'lI:.l~'l1l-J~U1U.U'l.1n1::'tln'D~·m1::~mU~u.uu LU~\fn~l-J sham (SH) u.t'l::~\f'V1 [I>Inm11~11l1'1 

1; (OVX) U1U 90 Ut'l:: 180 1'u u.t'lU111:.1~tt'l"1n1~fut'\11 esthinylestradiol (EE) lU'DU111l 0.1 i1t'lsnrW 

nLt'lnrl-J ~1~un~'l6u ~ffi1~fut'\11U'D'lUt'l~1:.In'l1'lL~ffi'D1'llU'DU1{;l 0, 10, 100 Ut'l:: 1 ,000 ijt'l~nrl-JrnLt'lnrl-J 
~1~un~'l6u (PMO, PM10, PM100 Ut'l:: PM1000 [;\1l-J~1C;)1J) d:lUL'lt'l1U1U 90 1'u ~tt'l"1n\lmT{;lr'l1,) 

~'lim~t~1JUul'i'ln11~LWlt'l::t1u111u.[;\n~1'1nU~ml:.l~'1;:j~'l1l-Ju.~n~1'1nU"'11'1t'\n~ (p < 0.05) 

1.26 

'" 1.24 
.~ ~- 1.22 

-a 5 LlO 

'" -0; ~ 1.18 

E -b 1.16 

:E ~ 1.1-' 

1= 1.12 

1.10 

_-----180 Days-----_~ 

a 

SH90 0\,X90 SHI80 EE PMO PMlO PMlOO PM1000 
1044 

1.40 

1.36 

1.32 

1.28 

1.24 

a 

b 

smo OVX90 SH180 EE PMO PMlO PMlOO PMlOOO 

S890 0\")(90 I SB180 EE PMO 1')110 P~1100 PMI000 

SH90 0VX90 SH180 EE PMO PMlO P~1l00 PM1000 

1.20 
'" '~~ ...r- 1.18 

-a E 1.16 

~ ~ 1.14 

E ..,E 1.12 

!: ~ 1.10 
E ., 1.08 

u.. 
1.06 

1.48 

1.46 

1.44 

1.42 

lAO 
1.38 

1.36 
1.34 

1.07 

1.06 

1.05 

L04 

1.03 

1.02 

1.01 

1.00 

smo 0VX90 SHI80 IT PMO PMIO PMlOO PMlOOO 

'-------OVX--------J1 
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~ ~ .. Q • ..... il ..... 'y'°il"
3. m'1t'tmt·u.lfl"fl~m'1~".n111Lfl'1fl"11 "flmnmfiIl11Zn'i::~n,"1'J U"'1JLL'iYlL,"fI~ f1gn"1lnu1 ,.. 

Ln~1l11Zn'i::9\n,"'1Ut6lfJm'1,r".i'W'rlZflfln .. " . 
3.1. Y1"nl'ni'lyrij 

"1nn1nU1t.lULY1UU~1",,rnvl'l"'lJ~.:J 2 n~lJ ujtl~lJ01m~~tl-l1u1'u~ Do 'W't'fU"'l1lJLWln~h.:JtlEh.:Ji1 
UU~1RruVl1.:Jt'lli~ (p>0.05; liJ~ 14) lu1::"'~1.:Jn1mc;\~tl-l "'lJ~.:Jt'ltl.:Jn~lJi1~1"'Un6l'lL~lJ~1.\mh.:Ji1tTtJ~1Rru 

-- , X. I ....J AI....J ''I • .J... ...
Yl1.:Jt'lt161 (p<0.05 U~:: 0.01) LU...uC;\1",Vl 4 ",ffi'lUVl 28 (OZS> 1Itl.:Jn1mc;\~tl.:J U61 Lln~lJn~lJVl6l6ltlru<Jl:: (OOX) 

't'fU~1~1"'Unvl'lL~lJ~UUtlUn~1"'lJn~lJ~'W'IJi'6l6ltYru"FI:: (SH) tlth.:Jiluu~1RCYVl1.:Jt'ln~ (p<0.05 U~:: 0.01) (jlJ 

~-1LL~~iJ"'1~~ 4 ",1tl1'u~ 28 (OZS> 1Itl.:J01m6l~tl.:J L6ItJlu1'u~ 90 (O~ rl1,11"'UntJl'l"'lJn~lJ~~"'tYru"FI:: ilrl1 

~1n~1"'lJn~lJ~'WL~~6It1ru"FI::tJ1::lJ1ru 1.09 L,h (559.41 + 6.05 nfu U~:: 607.00 + 10.55 nfu lU"'lJn~lJ 
ODX LL~:: n~lJ SH 611lJfl1~U) 

LrltliltlUfl11LL"lI'lU~tlU0'l1'lLflftl'1l1'l1~uri",\+nqlJ OOX Vl1.:JiJ1n'V,ln1'u LtlUL'l~1U1U 90 1'u 't'fU~1 

~1"'Unvl'l"'\+~6I~'1tlEh-l~lJ";ufiri1J'!lU1c;\'tItl'l0'l1'lLflffi1l1'l~1~ t±u~tl ~1"'Un~'l"'\+~V1~.:JlJ1n;uultll~ 
m1'lL9'lftl"ll1'ltU"lIU1C;\~~.:J~U L6IU~1"'Unvl'l"lltl'l"'lJ~L~fu0'l1'lLfl1tJ'!l1'ltU1IU161 10 il~~nflJ/nL~nflJ ~1"'Un 
6l'll1'u (PM 1 0) ilrl1'Wu,61n~1'1"11n",\+n~lJ~vl6ltYru<Jl::u,~::1Iffu~1niutlti1-lL~U'l (OOX) t'I'lU",\+n~lJm~fu 
0'l1'lLflftl"lJ1'llU"lIU161 1,000 ij~~nflJrnL~nflJ ~1"'Uml'l/1'u (PM 1000) il~1"'Unvl'l~6IfI.:J~1q", LYiuuL,hnu 

.J~ "... ~ ~ x .. ... t ..",\+Vl L~rue:!tl1LlJULtlt'l L61n"lu...'1L9'l11:::'" (EE) lJI~tl6l1:::U::L'lfl1U1U 90 'lU 'tItl.:J011 ",fl11 

Lu!~1~1"'Unvl'l'!ltl-1",\+n~lJ SH ilr\'l~'1;U1U''l'l 90 1'uu1n'!ltl-101m6lfltl.:J ("I1n""l.ttl1~ 6 L~tlU 
"IUm::v1''1iltl1tJLcJf 9 L~tlU) U~111U"'~.:J"I1n,rUtln 90 1'u ~1",umT'l"'1Jl1r\19'1.:J~ (p>0.05) "Ium::-k.:J1'u~ 180 

~ ~ ~~ ~ 
"lJtl..:j011Vl"'~tl'l "'1tlLlJtl",\+tl1~ LI'I 12 L6ItlU 
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ll.l~ 14. LLt'l£'l.:j~1L'il~[J~1V1Un~'l'IJtNVI\+n~JJ sham (SH) Ut'I::VI\+~1J1fun11~£'It1ru",,:: (ODX) 1l1t1V1~~"i1n1Ji'fu 
t'l11 esthinylestradiol (EE) hl'IJU1£'1 0.1 ilt'lftnMlLt'lnfll ~1V1Un~'ll1'u Vlffi1Ji'fut'l11U'IJ'lUt'ltltln'J1'lLfi1tl'IJ1'l 

lU'lJU1£'1 0, 10, 100 Ut'I:: 1,000 iit'lftnflllfllflnfll ~1V1Un~'ll1'u (PMO, PM10, PM100 u,t'I:: PM1000 

1'11JJ"1r;lU) ~ilUL'lt'l1U1U 90 t)U U,fl~.:jf'i1LrlU~LUUJJ11'11~1UL'ill't1::n~JJ SH u,t'I:: ODX Lvh,ru 
d _ ~...:=I _ • 

• Ut'I:: .. = p < 0.05 u,t'I:: 0.01 1'11JJt'l1",mJJtlLVItiununqJJ SH 

640 
Pre-treatment Tre.atment 

620 

600 

Cl-­ 580 

..... 560 
oJ: 
c£ 

"Ej 540 
:: 520 
~ 
0 

::0 
500 

480 ~nno 

460 -----Plnoo I 

440 
~p?nooo I 

o 4 8 12 13 14 15 16 Ii 18 19 20 21 22 23 24 

\Veeks 
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.d! ~ _ _ I I I _ I .::!iiI _ 0 _ __ '" 

Ll.l~W~1nl.l1V1l.lnl1l'l'!l~-3V1lJU{;Ifl~n~~U{;In{;l1-3nl.l~m-3~l.lEJt'l1f11CYYl1-3t'1(l11l 1.l.lllVifl~'NL'lfl1 ~,nrl.l 

~1V1,rn~tJEJ'l~~'lfhl.l'lruLill.l~1mrntltJEJ'l~d'~yfYlfi L~~~"t::t'l11111mh~1Luffn.Jnl.ll"'1::VI~1\1n~1I~1-3 1 on1J~1 
ll1EJVltr-3r.t1n~L~EJ-3mjHLill.lL'lfl1l.l1l.l90 tJl.l (SH90) UfI~ 180 tJl.l (SH180) Vl1flujflVllJiJ~1~111 9 UfI~ 12 L~~l.l 
{;I111il1 ~1J on 1J~ 1~1V1,rnt1ru",dlUl.l'lLWJ L~~~-3;l.lLrlflVllJil~1fJ~1n;l.l ~'Wul1ln ~1\1~th-3ii,rEJ~1~qjYl1-3 t'I[j~ 
(p>0.05. ltJ~ 15) 

ltJ~ 15. LLt'lj;I\lPi1L'U~fJ~1V1,rnd'~l1Y1fi'!ltl-3t1ru"'~1.l.lVllJn~1I sham (SH) l.l1l.l 90 UfI:: 180 tJl.l 

• 


~ 
'-"' 

.c­
eli 
Ci 

.. 

~.. 
~ 

.~ 
~ 

7.55 

7.50 

7.45 

7.40 

7.35 

7.30 

7.25 

7.20 

7.15 

7.10 

7.05 

SH90 SH180 

Il1EJ'W,r-3"t1 n ~1i'It1ru.,,::Ltll.lL'lfl1l.l1l.l 90 tJl.l on 1J~1~1V1,rnd'~l1'Vlfi'!l~\I~tJEJ'l:;~ L~ tI'l;r~-3 n1JJ::1J1J~1Jlil.lfi, 
R~ ~~1It'lnVl~1n Ufl:;L"lInUfl L'lt'liiL~fl ll.lVllJn~~~~Ii'It1ru"F1:: (ODX) il~1~1n~1n~~ SH ~tl1\1l:iUEJ~1f'1ryYl1-3 
-- .Id ~.J.J " ~ ..... " ~ ~ ~.! ...

t'I(l~ (p<0.01, llJ'Vl 16) Ufl:;mEJ'l::YlLnEJ'l'!l~-3n1Jn1:;1.J'1l.ln11L~{;I11J~flt'l~ fII~ m~. {;I1J Ufl~ ~11l u.J~fII'11~ 

LLI1lnvi1-3Y11-3t'1~~1~VI~1-3V1lJi\lt'ltNn~~ EJm~l.l~1V1unlJ;1 1l.lVllJn~~~~j;lt1rulJl:;iif'i1~1n~1V1lJn~1I SH ~tl1\1il 
UEJ~1A'ryYl1-3t'1n~ (p<0.05) Ufl::Lrl~L~U\lVllJ~~lllilmill.lL'lfl1l.l1l.l 90 tJl.l (D1eJ fj1J~1~1V1und'lIliYlfill~-3vitlll 
tlnVl1l1n LLfl::L"Ii1Ufl L'lt'l;L~flll.lVllJ~IM~t1rulJl::'ln~).j (EE. PMO. PM10. PM100 LLfl:: PM1000) iifh~1n~1 
VllJn~lI SH tltl1\1iiUEJ~1~qjYl1-3t'1ii6i (p <0.01) 1l.l'!lru:;~~1V1und'~yfYlfi'!lfl~l!1~. L{;I UfI:;lM1J 'Wilfll'l1l.J 

LLl1ln~1\1nl.l1.l.lVllJ~ 6 n~lI (p>0.05) 
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tl.l~ 16. U.~"'~fi1L'il~tJ~1'1'1tTntrl.J~Yl1flltl~~tn.J\1n\-n.J1n, seminal vesicle, lJ1l.J. 1111 U.~::~tJLu\-n.+nql.J sham 

(SH) u.~~~~1@ifum1~~t[cu",:: (ODX) U1U 90 u.~:: 180 1'u u.~::Il1tJ\.u~'~"1n14i'fu~11 esthinylestradiol 

(EE) LUlIU1'" 0.1 il~flnfl.J!riL~nnt ~1~tTnil'll1'u ,"~'\.Ji'fu~1'l~1I'lU~tl~Jn'l1'lLf'i1t'l1l1'lLUlIU1~ 0, 10, 100 .. 
u.~:: 1,000 il~~nfl.J!riL~nfl.J il1~tTn~'ll1'u (PMO, PM10, PM100 u.~:: PM1000 11I1l.Jfhr;YtJ) LilUL'l~1U1U 90 

1'u ,"i~"1nQn~Vlt1CU"'~ 

* u.~:: ** = p < 0.05 u.~:: 0.01 A1l.J~1~tJLdt'lLiltJtJntJnql.J SH ~'lt[m~t11.luu.Y\~m1~u.~~::t[uth 

u.[;ln~1~nU~l.J1tJn~ilf)'l1l.Ju.l11n(;h~nuYl1~~ti~ (p < 0.05) 

3.0 Pre-trr.:t Im~Dt Tr~atmr.nt 
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3.3. Lf1Nt'lh:Jr;;5lJ'1flD'1f'11!tl~01::~O 

mtJVltt~0'11,r~tl(u<rl::U'1U 90 1'u (ODXoo) trabecular bone area ft"'fl~tlth~L~ul~i"'L'"IU LrltlLVltJlJ 

~, 'I .J ..:..r ~ 1..,1 ~ ~'!'I ... ~.,.!', ~ 
OlJnf!l-l SHoo LU1!tu.."'ll bone marTON cavity LlUJ1!'U (llJ'Vl 17) '"I'1nfln'tt~~nfl'1'lLIJUmffiUtJUI.VI'l'1mrVlC;) 

~ 4 ~ 
tl(u<rl::LLfl::\i~l~u'1U 90 1'u ~1l-l11tlinlhl"'Vl1Ju.n'lLYif'l~Ln"'t'lm'l::01;;~nYill.llJ\"I1~ Ufl;;Ll-ltl'Vl~Vl1JDIEJ 

Vltt~"Iln~c;)tl(u<rl::l~UIU~~ 180 1''U (OD~adPMO) ~.:Jihl"'~DI'l::m·::~OYituL~l-ll-lln~'U ~.:J~DI'l;;i.:Jmh'l 
~1l.J1rtl~uottlJRWI1J\LrltlVl'IJl~flJt'lI:1'U1!'lUfltltJn'l1'lLf'lffi1!I'l (PM) Ufl::lltlfU.JULtl~LVirL'"IUfl.:JUUI::\i" (EE) 

~ .Ji; ~ .r ~ .....1'1" ~ .... ..:. .r 4 'I ~ 
L"'tJm1l'lUIJI'l'!ltl~01::'t1n"l::1!UOlJ1!UI"'1!~Nn'lI'lLf1ffi'!lI'l'Vl LVI UUf')tl trabecular bone area LYil-ll-l10'!l'ULl-ltl LVI 

... 'I . .J.l' ~ 'I. ' ...I.,.!'", 'IdO 

n11'lLflffi1!I'l LU"UI"''Vl~~1!U L~tJ trabecular bone area LUVI\fOf!l-l'Vl LI'I:i'1J 0'l1'1 Lflffill'1'l LU'!I'U'1~ 1,000 

ijfl~ofwiiLflnfl-l J'1V1un~'1l1'u (PM 1 000) ilfhtn~L;itJ.:JnlJVI\f~l~flJlItlfi:l-lULtlt'lLVl1L"IUfl~Lf')l1::\i" (EE) LWi 

tlth~hnVl'1l-l trabecular bone area M'~~ln~11uVI'lJO~lJ SH100 

;~lu'!I(U::dihtt~ijLf')n::\lfh %trabecular bone area (%BA) Ufl:::9::'VilmrLUffilJL~tl1Jfh %BA 

r;;VI~I~O~l-l SH LLfl:: ODX l1'ltJVltt~m:i'~~tl(u<rl::UIU 90 LLfl:: 180 1'u Ufl:::LUffilJLVltJlJ:i';;VI~I~01:i'l'" 

ml'1 Lflffi1l1'l'!lUIC;)~I~ 1Ufl::Lntlt"'t1tlfU.JULtl~LV1:i'L"Ufl~LfI1'1::\i" 6itlLtJ 
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ltl~ 17. LL~(;'I'l1P1N~h:jr:::~'IJ'flJl1P1'lJ'fI,:mr:::~nltnl\?n~~ sham (SH) ufl:::~\+~l~f'IJn1r~(;'Itlru"Vl::: (ODX) U1U 

90 LLfl::: 180 1'u Ufl:::fl1u~tr'l"l1n'l"'f1J~1'l esthinylestradiol (EE) lU'lJU1(;J 0.1 ;1fl~nf~/mflnf~ ~1,.nrn~'l6u 
~1'f1'l~fmI1ru'lI'lUfitlUn'l1'lLjii'itl'll1'llU'lJU1(;J 0, 10, 100 Ufl::: 1 ,000 ;1fl~nf~rnLflnf~ ~1WUn~'l/1'u (PMO, 

PM10, PM100 UfI::: PM1000 1111~~1~1J) LUUL'lfl1U1U 90 1'u ~tr'l"nn~n~(;Jtlru"Vl:::.. 


1 

.. 
g 
=~-
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3.4. r:;~1J alkaline phosphatase ly;jfu 

1l1EJ~~,m1~~c;'I€tu"rl:;U1U 90 LL~:; 180 tJU (n~~ OOX) fl1J~1'l:;~1J alkaline phosphatase lu.flJLU 

~~Lflfll~ jjPl1L~lJ~.:J~u~!h.:JihrfJfl1~qrm.:JflCi~ (p<0.05 IJ.~:; 0.01) lu'II'l.:J 90 tJULL'ln uj~LlItJ1Jri1Jnti~ SH 

(lU~ 18) L'IIUL~tJ'lri1J~~Lflfllu:ltJ LL~111tJ~~.:J"1mrU.,:;jjR1fN~ ~c;'ItJr.;{;j'1J alkaline phosphatase lu1:;~~1.:J 
~.J '""'~ '1.1''"' ...... ..J .3'"'lUVI 120 - 180 lJfIl1LLm.:J~n'l~n~LfIltJ.:Jn1J'D~.:J'lUVI 90 (000) (113.40 - 137.30 u/L ~1~11J 0 120 - U~::0 100 

128.52 ± 2.66 U/L ~1~fu OsJ LL~:;Lrl~1~fl11LL'D'lU~~EJn'l1'lLfllrtJ'D1'lYi11~1::{;j'1J alkaline phosphatase L~l-J 
~.:J~U~th.:Jd'lJ~ufiri1J'DU1~~'l~ ,xUfifl lu~~n~lJ~1~f1Jn'l1'lLflrtJ'D1'lLU'DU1~ 1 0 ij~~nrofriL~nro ~1~tl'n 
~'ll tJU (PM10) U1U 90 tJU 1~i1J alkaline phosphatase Lu;flJ 'WLL~nIJi1.:J"nnntilJ OOX lU'Dtu:;~~\1nqlJ~ 

., 
1~fum1'lLflffi'D1'lLU'DU1~ 100 LLfI:: 1 000 i1~~nfl-Jfri~~nflJ u1wll'nj;j''l1 tJU (PM 1 00 LL~:: PM 1 000) i1R1~.:J 

n~1ntilJ OOX fltl1.:Ji1tl'fJ~1Rqj'V11.:Jflti~ (p<O .05) LL~::jj PI1LnliLfltJ.:J rilJlnJn~l-J~l~fullflfllJUL~flL~1L'"IU 

d'.:JLfl11::"r (EE) IJ.~lutJu~I'IVhtJ'JJfl.:Jn11V1~flfl.:J (O,,J r.;~1J alkaline phosphatase LU~\1n~lJ EE jjR1~.:Jn~1 

~~'YJnn~l-J LL~::1::~1J alkaline phosphatase LU~'I.J OOX VJnn~l-J ~1~f1Jn'l1'lLflffi'D1'lLL~::lIflfllJULflflL~1L"U 
d'.:JLf')11::'t-fly1::~~1.:JtJU~ 90 -180 i1fh~.:Jn~1~'l.Jnql-J SH ~tl1.:Jjjtl'tJ~1~'Y'V11.:Jflti~ (p<0.05 LL~:: 0.01) 

• lU~ 18. UflVl~R1L'UiEJ alkaline phosphatase Lu;fl-J LU~\1n~lJ sham (SH) UfI::~\1~U'fun11~"'€tu"Fl:; 
(OOX) 111tJ~~.:J"1nl~f1Jfl11 esthinylestradiol (EE) lu'JJu1~ 0.1 nflflnro/nL~mflJ ~1~tl'n~'l/'lU ~1fll~fu 
fl111J.'JJ'lUflfltJn'l1'lLflrtJ'D1'lLU'DU11'1 0, 10, 100 UfI:: 1 ,000 ij~flnnJ!nLflnfl-J ~1~tl'n~'l/'lU (PMO, PM10, 

PM100 LLfI:: PM1000 v\1lJih~1J) LlIUL'lfl1U1U 90 tJU LLfI~HPi1LrlEJ.:JL1JUl-J1v\1~1UL'Ufl1::n~l-J SH LL~:; ODX 
" o_.Jq _ I 

Lvhtl'u • LL~:: *. = p < 0.05 LLfI:: 0.01 vm.J~11'11J LlJflLVltJ1Jn1Jn~lJ SH 

Pre-treatment Treatment 
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3.5. ri1f'1'J1t!l1Y1!liliml::~n (Bone mineral density; BMD) 

fl'J1t!l1Y1LUlum::~nll&:lm;~nLiltl'W1-1 (Bone mineral density of trabecular bone) 

1l1t1l1i-1"1n~~€ru"f1::U1U 90 1'u 'Vl'J~1fl'J1t!'VIU1 LLtJ.um::~n"lltl-1n1::~mtltlL1.l1-1~-1 3 thU ~tl tibial 
, , 

metaphysis, femur metaphysis LL~:: 4th lumbar vertebra iif'i1~(;l~1~-1tlEi1-1ihrtl~1A'qJ~-1'Vl1-1~n~ (p<0.01) 

L~tlLVlmJriun~t! SH <ltJ~ 19) "1nin1i'ru::~-1nti1'JLtlumlaUtlul~~1ml~~€ru"'::!l~~-1Hu1U 90 1'u 

~1t!11[lfnin't~11'1jL'Vlf'\~Ln(;l~1l1'J::n1::~nntul~"1-1 u~::~t1~-111'1jl1i-1"1n~(;l€ru"f1::1')u1uCi-1 180 1'u (PMO) 

'VlU~1fl'J1t!l1U1!ltJ.Un1::~n"lItl-1m::~mtltlL1.l1-1~-1 3 t'bu ~~~1~-1n~1~tl~-11')u1u 90 1'u Utln"1n~tl-1'VlU~1 
f'I'J1t!l1U1!ltJ.U'!It1-1n1::~m~t1Lu1-1~-1 3 "lIil(;l1.ul1'1jn~t! SH 100 ilrh~1n~1n~t! SHoo t1Ei1~i.hrmhA'qJ"t'l1-1~Ci~ 

~ ,.J... J' .... PI ... • 't" ,
(P<0.05 !l~:: 0.05) "lI-1!lt'lIM'J1Lt1tll1'1jt!t11~t!1n"llU"1n 9 L~tlU LlJU 12 LI1It1U "in l1f'1'J1t!l1U1!lUU1It1-1m::~n 

J' ~.I' .....J ...
LUt1 LlJNfl~~..:JI?I'Jmllunu 

..I '1'" .. 't ..J x '" ~ 1~ ..., ."1'"Ltltl Ll1t'l11LL1I'Ju~tltlm1'JLflffi"ll1'J Ul1'1jV1~ll?Itlru"V1::LL~::l'l..:J 'JU1U 90 'JU 'Vlu'J1t'l1mrolJtl..:JnUn11~~fl..:J 

'1Itl~ri1fl'J1t!l1U1 LLtJ.um::~n1~tuh..:Jit!liufiriunu1Vl~'t~ Ll?ltI L'i1'Vl1::t1~h..:J~ u1tl't~m1'JLflffi"ll1'J'tU"lIU1~ 1 ,000 

l1fl~nwiiL~nru ~111irnl1i'J/1'u (PM1 000) fl'J1t!11U1!ltJ.un1::l!lni1ri1~-1n~1"l1t1..:J11'1jn~t! ODXoo LL~::'tn~L;ltl~ 
riun~t! EE LVlm'i1'Yn::t1Ei1~~..:J m::~nt'l'lU tibia metaphysis LL~:: 4th lumbar vertebra l.Ul11&n~t! PM1000 i1 

ri1b.lLL~nlJh~t1tl1..:Ji1irtJ~1R(]J'Vl1~t'lCi~ (P<0.05) "1nl11&n~t! SH100 

f'I'l1t!l1U1!ltJ.un1::~n"lltl~n1::~m~U\lY (BQne mineral density Qf cQrtical bQne) 

1l1t1l1i..:J91n~Vlt1ru'VI::U1U 90 1''1.1 'VlU~1fl'l1lJl1U1LLtJ.um::can"lltl..:Jm::~m~t1LLllu~~ 4 t'l'lU Rtl tibial 

metaphysis, tibial diaphysis, femur diaphysis LLfl:: 4th lumbar vertebra 1Itl~11'1jn~lJ ODXoo i1ri1~1n~111'1j 

n~lJ SHoo t1tl1..:Ji1irtl~1~'Y'Vl1~t'lCi~ (p<0.05 LL~:: 0.01) t1m.)um::~nt'l'Ju femur metaphysis ~b.l!lvmlJh,:j 

t1tl1~i1irtlthflTtl.J"t'l1,:jt'lt1~ (p>0.05) ~t1LV1t1uriUl11&n~lJ SHoo <ltJ~ 20) ~..:J~t119Llitl..:J2J1"1nri1fl'l1lJl1U1!lllu 
m::~nt'l'lU femur metaphysis "lIt1-1l11&LL~~::I1i'J'tun~t! ODXoo i1fl'J1lJLLVln(;]1~riUlJ1n ~-1Vh't~fi1Ltltl..:JLUU 

.d ~ , 1. 1"" ..., ',,/.
lJ1IJllj1U~~ U~::LtltlLfltJ~l1'1jVltl lJtln 90 'lU 'VlU'J1fl'l1lJl1U1LLuum::~n'Ci'Ju tibial metaphysis U~:: femur 

diaphysis 'lItl..:Jl1'1jn~lJ SHoo i1ri1\1~n~1'\lI'ljn~lJ SH1BO t1Ei1~iiirtl~1A''Y''t'l1~t'lCi~ (p<0.05) l.U'lIru::~l1'1jO~t!~ 

~Vltlru'VI:: 180 1''1.1 (ODXlPMO) 'VlU~1fl'J1t!l1U1LLtJ.um::cant'l'lU tibial metaphysic, femur metaphysis, femur 

diaphysis U~:: 4th lumbar vertebra ~Vl~1n~111'1jn~lJ SH 100 ~~Ut'lVl~~1mri'nU1't~Ln~1l1'J::m::~n'Vltu'tu 
n1::~mtlt1LLtJ.ut'l'lU tibia diaphysis 9::1.;{L'Jfl1U1mJ1nn~1 180 '!u 

L~t1't~t'l11LL1I'Juflt1t1m1'lLf'l1tl"ll1'J'tUl1'1j~~Vlt1ru"P'l:::ufl::~..:Jl')u1u 90 '!U 'VlU~1t'l1lJ11[liJtl~riuml~~fl,:j 

1Itl,:jf'i1fl'J1lJl1U1LLtJ.um::~nl~ LLIJ1b.lilJliufiriu'llU1~~1~ L~m'i1'Vl1::t1tl1..:J~~'tum::~nt'l'Ju femur metaphysis 
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.I.J ,.J , X ~. I' 'I' .J~ J!~ ~ 
!lJ'Vl 19. U.flVl'lfl1L'iUUJfl'l1l.J'VI'U1u.'U'Um::~mJtl·m1::~m'UthlJN ~'U'VI\fn~l.J sham (SH) U.~::'VI\fVl ~vtrum1~V1 

t1tu"f1:: (ODX) 'U1'U 90 U.~:: 180 tJ'U LL~::1111!J'VItt'l~1nVlwfl11 esthinylestradiol (EE) L'U"lIU1t'l 0.1 i1~~nfu/ 

ii'i:~nfl.J ~1'V1,rnj;j''l/tJ'U vi'hlltJi'Wfl11UlI'l'UfltltJn'lI'lLfl1fl"ll1'lL'lnI'UI£'1 0, 10, 100 u.~:: 1,000 i1~~nhJfriL~nffi 
~1'V1,rn~'l/tJ'U (PMO, PM 10, PM 100 U.~:: PM 1000' v\1l.J~1~1J) LihJ.L'l~1'U1'U 90 tJ'U 'VItt'l~1n~n~t'lt1tu"f1:: 

o _ ........ &I I 


* LLfl:: ** = p < 0.05 ~:: 0.01 v\1l.J~1V11J Ll.JtlLVlI!J1Jn1Jn~l.J SH 

~'lt1mf11J'Uu.vl'lml'rlw;i~::t1'U(hu.V\n~I'1n'U'VIl.J1l!Jrniifl'lI2-1L1.V1n~1'1n'UVl1'1flti;j (p < 0.05) 

0.40 
0.38 

0.36 

0.34 
0.32 

0.30 

0.28 

0.26 
0.24 

0.44 
0.42 

.~ "" 0.40 

.~~~ 0.38 
c:.= 0.36..9~ 
~ !::L 0.34--... --- 0.32 
;..~ 

=~ 0.30 

=- 0.18 
-~... 0:16 

0.24 

0.37 
0.36 
0.35 
{U4 
0.33 
0.31 
0.31 

0.3 
0.29 
0.28 

Pre-treatment I Tre.atment 

I 


a 

SH90 ODX90 SHI80 

I 
I 

EE PMO p!no PMlOO pl\nOOO 

** I 
a 

EE P!fO pl\no P!UOO Pl\UOOO 

a 
a 

SH90 ODX90 SHI80 

SH90 ODX90 SHI80 

** 

EE PMO Pl\nO PMIOO pl\nOOO 
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... 1.,) ,..J , ~ ''I' ..J~ k'" ., 
t,u'Vl 20. U.~~-3f11L~~tlfI,)1~".t.l1u.UUm~can'!ltl-3n1~~mUtlu.uu ~u"'ljn~~ sham (SH) U.fl~"'lj'VI ~"nm111/1~ 

t1CU"Vl:: (ODX) '1.11'1.1 90 U.fl:: 180 1''1.1 U.~Ul1t1"'~~"I1n1"'fu~11 esthinylestradiol (EE) 1U'!IU1~ 0.1 i1~~nf~/ 

nLflnf~ ~1"..Un~')Jtjt.l ".1tl'LJi'fu~11L1.'!I,)Ufltltlm1'llflffi'!l1';l1U'!IU1~ 0, 10, 100 Ll.fl:: 1,000 i1fl~nf~rnLflnfu .. 
\h"..un~')Jtju (PMO, PM10, PM100 Ll.fl:: PM1000 Vl1~th~1J) li]UL')fl1U1U 90 1''1.1 "'~-3"11n~n~Cilt1(U"Vl:: 

~')t1m:tnJuu.fi·mnvl UJi~::t1u{h LI.6I nj;h~n'W"'~1t1t\-3iifl,)1~ LI.fIn~1~nU'VI1~~il~ (p < 0.05) 

US 

ueS 

1.14 

1.U 

1.10 

1.08 

1.06 

1.44 SH90 ODX90 SHISO EE 

Pre-treabnent Tre~tment1.10 a aI 

b 

b 

PMO PMlO PAnOO PAUOOO 

a a 
a 

1.38 

a 
T 

UO smo ODX90 SHISO EE PMlI PMlO PAUOO ~UOOO 

us 

1.16 

1.14 

1.12 

1.46 SH90 ODX90 SHlSO EE PMlI PWO PAllOO PAllOOO 

b a,c1.45 

1.44 

1.43 

1.42 

ODX90 SHISO EE PAlO PAllO PlllOO PlnOOO1.10 
I 

1.08 

1.06 

1.04 

1.02 

lOO 
iii O.lI8..,. 

SH90 ODDO SHlS0 EE ~m ~no ~noo ~OOO 

http:U.~~-3f11L~~tlfI,)1~".t.l1u.UUm~can'!ltl-3n1~~mUtlu.uu
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"lnmm~~tl'l~ih.n1Utli\~L~EJ'lnlJ~f1tL~-3Ltl~Lvm"iln (estrogenic activity) '!lth'ln'lI'lLfli1tl'!lI'l 

'YilJ11ijmm~~tllJ~f11fLtl~Ltnn"ilnLL~'l~-31ud'lJl'rf1~~tl-3 (in vivo) LL~::lu~~tlCilf1Ci1~tl-3 (in vitro) mr~nM11u 
~~tlCilf1""fltl'lvhL~t11f MFC-7 proliferation assay LL~:: Hela cell proliferation assay (Cherdshewasart et aI., 

2004; 2008a) \1'lumr~n'tt11ud'Vl1f1""~tl'l LilumrVl1'l"tjCilm1L"lqJ'!Itl'lL'II~tfL~tll.J'tl'lfll~tl~ (vaginal 

cytology assay) LLfl::J.JCiI\'jn (uterotripic assay) lUWljLL1f1L'Yif'lLiitl~~Cilf'l1,j (Cherdshewasart et aI., 2007; 

Malaivijitnond et aI., 2004; 2006; Urasopon et aI., 2008b; Cherdshewasart et aI., 2008b) m1~CiI~'1'!1tl'l 

r::~u luteinizing hormone LL~:: follicle stimulating hormone 1u~fu"1Jtl'l'VI'ljLLmL'Yif'lLiitl~j;j'Ci'lf'l1,j 

(M alaivij itnon et a I. 2004) LLfl::1U~-3 LL~J.J L'Yi f'lLiltlLVI L~J.JtjtlLLfl::~'1 LL~J.Jtjtl'VIJ.J Ci'l1.h::4 r lL~tlU (Trisom boon et aI., 

2005; 2006) LLfl::Li1tl'W'I..nwIQf11-3YlJ.J";j4't1'!1tl'l Lrl fi'tIJf'YilJ11~f11fLtl~LVl1L"un'!ltl'ln'J1'lLfliffi'!lI'l~Im1t:1 
., .J" .. .."J 

Vl1'l"tj!1l1J\'''lnm1~Cilfl'l'lltl'lih~t!nj;j''l'!ltl'l'VI'ljLLr'VIL'Yif'lLijtl'VI~!1If'lL"1i 'Vi'li1LUtl'l"lnnI1~Cilf'lL"1i,,::;hl'IXul'V1t!nj;j''l 
..... X 	 .4 ..J"I II

1u'VI'ljL'Yif'lLJ.JtI~'1'llU (Urasopon et aI., 2008a; 2008b; Malaivijitnond et aI., 201 0) 'II'1~fl'VI LCiI"lnm1'V1Ci1fltl'llu 

fi\f'lQfil.'ltlCilfi\~tl'lnlJ~flmmCil~tl'l~LJ\'1Utl~VI t!ut)tl m1~Cilf'l1"1iYi11,x~I~t!n~'l'VI'ljL~J.J~U ufl::m11'IXn'JI'lLfi\1tl 
• 	

'Jl1'lyjI1,x~I'V1t!nj;j''l~\+fl CiI~'1V11J.J'llUICi'1~1'IX ~'1 ~fl~'lilfi\t\'It1nlJ1U'VI'Ij~L~fufltlnJ.JULtl~LVln"U~'1Lfln::\f (17a­

ethinylestradiol 1U'Jl~ICi1 0.1 l1fl~nftJfriLflnfJ.J ~1'V1unif'l/tju; EE) ~'1m1fll1lfl'l'lltl'l~I'V1t!n~'llu~'ljL'Yif'lLijtl 
djtlL~f1Jn'JI'lLf'lffi'!lI'l d'J.J~ufi (LL'U'ULLlh~mru) n'Umn~J.J~U'!ltl-3~I~UntJCiI\'ln (Malaivijitnond et aI., 2004; 

2006; Shirke et aI., 2009) lU'VI\?L'Yif'l~ m1ifCiltltl.!"f1::1~~flVlNnU;rIJ.JnlJm1j;j'l1If'lL,j1U~\?LYif'lLiitl t!Uf'1tl m1 

if~tltl.!"f1::yjI1'IX~I'V1t!n~'l'VI\?flCi'lfl'l ~-3~~~L~l.'ltlCi'lfll~tl'lnlJntl.:numm!1lfltl'l~ilJ.JlritlU'VIih~ (Kang et aI., 

2005; Nishino et aI., 2006; Owens et aI., 2006; Malaivijitnond et aI., 201 Ob) LLvitl~I'111fiVlltJL~tl1'IX 

n'J1'lLfllffi'!lI'lUfl::tltlnJ.JULtlI.'lLVln"ud''1Lfllrl:;\f 'Yi'U11LUflCi'l~I'V1t!n~'llu'VI\?L'Yif'l~ L"1iuL~tI'lnlJ~LnCi'l~u1u~\? 
..::III I .... .J" ~_~.d , ~ _ ...,...J..J ~..., ~.... ...... I 

LYif'lLtJEI UVln'JI'lLfll1tl'llI'l'VI L'VI U-lJ.J~~VltlUI'V1Un'!ltl'ltl'ltl'l:;'VILnm'!ltl'ln'Ur:;lJlJtilJ'YiU~ flltl VltlJ.J\'ln'VImn Ufl:;L'II 

l1Ufl L'l~Lflfl ;-3~tl(M;:I~tl'ln'Untl'lIU'!ltl'l Urasopon et al. (2007) ujtl~Ci'lVlltJ~~fl'!ltl'lmr~Cilf'lL"1iu.fl:;m1j;j'CiI 

tltl.!"f1:;tJ\tl~I'V1t!n~J.Jvr'VIfi'!ltl-3tltjm~L~El'l'!ltl'lnlJm::'U'lUm1LJ.JVlI'Utl~~J.J f'1tl ~lJ, LVI U.fl:;~IJ.J 'Yi1J11ij~~Utltl 

mn u.~:;Lrltl1'lXml'lLflffi'llI'l'VIffi LLfl:;tltl nJ.JULtll.'lLVI n "ud''1 Lf'lrl::t.f fi'Wil~fln1::'V1lJn'Utltjm:;L 'VIfi! d 
1.'l11L-WLVlLtl~LVl1L"U"lnm1'lLfliffi'JlI'ltltln~'VItL~Ci'ltlLil4''UnlJ estrogen receptors (ERs) ~'1~tl'l'llilCi'l 

fitl ERa U~:; ERP u.1'I,,:;4'unlJ ERJ3 Ufl:;m:;~unlrU~""'1tltln"1Jtl-3iiu 1~~n11mr4'1Jn'U ERa (Kuiper et aI., 

., ~ .x .J 'I _!.J... '" "I' .J ~"'''"I .J
1998; Onoe et aI., 1997) I.'lltJl1t:1'YilJ ERa LC;hULUtlLtltl U-ln'llU!1I fl'lU L~qJ":;'YilJ'VI1:;lJ'Uti'U'YiUi! LU'!ltl.!::f1 

A 'I!t'I.x.J - ::'...1 'i' ' "':..J
ERp 'YiU LCi'I LULUtlLUtl'VI~lt1'11U"" 1'lJ.J'VI'I'VIm:;,!)n LCi'ltIL'Yl'YiI::tltl1'1t1'1'V1m:;'!)n lumbar vertebra Ufl:; trabecular 

bone (Onoe et aI., 1997; Gustafsson, 1999) "lnmrflU'YilJ ERs ~'1 2 "!iil"" 1uil'1n1t1f1ULn U~:;LLI'I~:;"!ill(;lil 
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., ..t .. ..I. ~ .... ::. ..... ... _ 0 .J~...J.....( ~... ~ 
n11Ll~~~tltln ~'UL'Utl Ltltl'Yl11l1~n'U 1JI~'U'U"I..'I~..'I1'U'J"ItI"I1'U'J'WJ1 n'Yl"mn'N~1n'1~ ~'Ylfi Ltl~ L11l1L"I'Un Ut'l::tltl n ~'Ylfi 

~k'I ..t "'" .J. .J.... . ~ _ . 
LVI L'UL'UtlLtltl'Yl"t1L'Yn:: 'YlL1tIn'l1 selective estrogen receptor modulators (SERMs) L~tlfl1~\.l'J..'I'J1 SERMs "I:: 

..(. .: "'" i1 .J ... ~ - !.... ... ... ,..t "'" "'" ~ .,...., ~ •.I~
tl~mq'Ylfil1l'flL'U'fl LtltlL 1\.l~1t1'YltJItl..'ln11Ut'l:: ~~e.lt'l"1l1..'1 LfltI~ I1ItlL'U'fl Ltltltl'U "II..'I"I1nr1t1~'l'U L'UtlIJl11l'Yi1J'J1~'l1 m LI1I 

Ltl~LIJI1L"I'U"I1nn'l1'JU'l1tl"1l1'JniJtl'YliLi1'U SERMs L"lI'Url'U L~tI'YiU~11~LPlLtl~~1L"I'U~~1~11"LL~~..'I~'Yli'i1tl..'lrl'U 
1l1'J::nr::~n'Yit'U 'Wiit:.jt'lnr.;~'Un11L"I1t\J"1Itl..'l~"'\'jn L"lI'U ujtll", genistein l'U1I'U1li1 0.5 - 0.7 ijt'l~nful'l'U uri 

~_ .....J.,_~, i1 - ~ ..t J'~.t1'~.l"\" ~ ..... , ... 
\.l\+~''YltJIlilr..'l L"1I ~1~11n tl..'ln'Un1~'YLrltIL'Utlnr::~m'Utll, 1..'1 LIPHliIti L~~e.lt'll1ltm11L'Uqj"1ltl'l~"'\'jn (Fanti et aI., 

1998; Ishimi et aI., 2000) \.l\+Un'I~t'llilf..'ll,jUt'l::ii'Utl1\.l115'Jmatl'le.l~~rlU~111tlt'~tnL'J'U (isoflavone 

content) Rtl genistin, genistein, daidzin Ut'l:: daidzein l'U'!I'U1111 1,462.0, 25.1, 590.0 Llt'l:: 11.3 ijt'l~nfll/ 

mt'lnf~ LtlrJJ'U5'JL\.latl'l 'YiU~1iJr..It'lL~llfl'J1~"''U1Lltl'Un1::'!1nlltl'l femoral bone u(;\'Wile.lt'l~tl~1WUnlllil~n 
.. .,... ,J, l"I .. .... .... x. ... .... ~ •.I'i'

(Arjmandi et aI., 1998) Llt'l::~tl b'" Pueraria /obata ''1LU'U'Yi'll11l1::Qt'lLVltl'Jn'Ur r]Jm1'JLf'l1tl"1l1'JUt'l::ll~1r bn bl1l 

Ltlt'lLl1lrL"I'UL"lI'UL;\mrl'U 1"'LLri"'\+'llliYliffVlf~1,j'Yi1J~1t'l1~11nh.lu1n'Yl11l1'J::nr::~n'Yit'UW"'tI'Wile.lt'l~tln11 
L"I1ClJ"1Itl..'lll!il\'jn (Wang et aI., 2003) 

L1f1m'::tt1n'Yit'U4'liI~1Li'l'u..ntIL~tl1J ~tltltl 1 Ln", i'lt!'U~tl'Jtld'J'Ul\.lClj~'1lTn'Wit'l'J L~tlL1f1G~LnlilLLt'l::'W 

_.... _'1 ., .... ~ - ., ~ 11.. , "'" .... .. ,J, ..I .. ::. 'i' '" 
\.l1'Jfin1rutl~n'U ~u'JtI"l::l1Ir::;"''Unnu L1f1'Unl1ltlL~tl~n11UtJln\.ln'Dtl'lnr::~n '~L~tl"~L'Jt'l1'U'UL1f1nr::'!1n'Yit'Un 

• 
11t1 LLN Ln'ULEim1'.l1 LL~'J LLt'l::;~t1'Jtltb'Ul",q!"I::;"1I'J'U'!I'J1t1\.l1'Yl1'1tnM"lLrfl L~tl'W'U1'Um;1ii~'l4'tI"1Itl'l L111'"fl'U'YiU 

~1m1'JLfI~"1I1'Jt'l11l11"i1tl'lrl'U n1~qjL~tI~'Jt'lnr::;~n LL~::fI'J1~\.l'U1utlunr::;~n l'U\.l\+u1'YlL'Yif'lLiJtlUt'l::L'Yif'l~~ 
L~rltI'Jl!11 "'Ln liIIn'J ::;nr::~n'Yi t'U 1li1t1n11t'l '" ~tl~tI..'I L'Yi f'ltltl n 1~ ~~t!'U~~ d1'Utl1::L~'U~tl1t'lU1"1'Un11~ m:t1r..1~ 

... , .. 
"1Itl'lm1'JLfl1tl"1l1'Jl1Itln111nM"l1l1'J::;nr::;~n'Yiru (Urasopon et aI., 2007; 2008a) 

mll1ru."1Itl~m1'JLflffi'll1'J~H1.un11~nM"lflf'ld ~tl 10, 1 00 LL~:: 1,000 ijt'l~nfll/iiLt'lnfu ~1\.lUnl1i''J/ 
<)u LU'U1fffi1ru.~iJntl~1'U~1~11111"il'a~n'Un11~qjL~tI~'Jt'ln1::~n lU~\+L(JH~ll<)tlLYif'iLiJtlU~::;~'Yif'l~~n~Vl 
~tlll1.l'll'Yif'ltltln (Urasopon et aI., 2007; 2008a) d'J'U1::tI::;~'J~11'Un111"'t'l111'Un11~mnflf'l11 U1'U 90 tJU ~UU 

.,j .?I .J ".1..1. 1n11'J1~LLe.lUI1l1~n11'YlVlt'ltl..'l'tl'l Devareddy ll~::;f'lru.::; (2006) ''1~u'U1::;tI::;L'J~1'Ylt'l1m1m~'Un11Lu~tlULLu~'1 

'tl'l~'J~m::;~n 1l1t1\.l~..'I"l1nn111,"t'l111tlL,n~1L'J'U l'U~\+U1'YlL'Yif'lLntl ~miiml!11"'Ln"'1l1'J::;m::;~n'Yit'U""n 
n11t'l!ilf\ll,j\~ 

n111';{\.l\+U1'Yl~'Yi f'iLiJtliffl'lf..'ll1i LLt'l::~\+U1'YlL'Yif'i~iffliltl(u"Vl::; L~tl LU'Ut'l'J U'Yl'Utr",1'YlVl~tl~1'Un11~nM"lL1f1 

m::;~n'Yit'Ul'UflU~tl~lU1l1'J::;Yi1tl'llltlfUJuL'Yif'lLUU~fin1~Utlllrl'U (Khalil et aI., 2005; Soung et aI., 2006; 

'i' ., ..... ..I ""'~......Ren et al ., 2007) ~VlEJn1::;~n ~u"''ljU1'Yl''t::L''I1t\JLl1Ill'Yl (peak bone mass) L~tl~\+tl1fJ LVI 6 - 9 LVltl'U LLt'l::;~'J~ 

.. m::;~n"l:::chJ~Vlt'l'lujtl\.l\+tl1Q1Ji 12 L~tl'U (Ke et aI., 1996) ~..'It!ulun11'YlVlt'ltl~flf'ld~'1vi1n11'Yl!il~tl'lL!iltll;r\.l'lj 
tl1Q 6 L~tl'U L~tli{;lif"l4'tl11JmU"l1nn11LU~tI'ULLtJt'l'l"1ltl~~'Jt'lm::;~n"l1ntl1QlItl~~\+ l1'URtl n1n,,1qjlltl\l 

nr::;~ntu~\+tJm~n ~ffin11~ ty L~tI~'lt'lm::;~n 1 'U\l'ljuri tlEh~1rnI1l1~n11I11tlUt'l'Utl'llltl'lm::;~n1'U~\+~::;~ 1..'1rl'U 

http:Ln'ULEim1'.l1
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,.... t ',,/. ~ .r ~. IA ""' • I..J • I ~., <s, .r,tUnr~~nLL~~::'1IU" LLfI~ Un1~~nLL~~~;I'l'U L"~m1~~muthm'l"::~n'm1J~tI'ULL1J~'l L~L1'lm1nr~~mUtlLLu'U 

(Thompson et aI., 1995; Bloomfield et aI., 2002) ~'l":::Lilu'tIl,,\1nlotljLvcfllUlti ~VC1Jn11LtJ~tlULLtJ~~ (fI~iN) 
..r ~.I' ...; ~.., ~ , .., .I...t. I ..:..r ...; 'I." .. 1 ..J

lItl'ln1::~mutl L1JN~tlVl"N LlIU1U 90 'lU LL~~n11L1J~tlULL1Jfl'l (LVC~lIU) ~tl Llotn'l1'lLfl1tl1l1'l ulI{u::l'Inr~~n 

.r ,,,", .I..J. I ..I., .., ... ~'t, .., '\' <S .I..J 1.1
LUtlLLUU~n1n1JfltlULL1Jfl'l (~~iN) YlUtltl~1n 1l1t1lottN"1n~~N lIU1U 90 'lU L~EI"\:::LlotUn11L1JfltlULL fl'llltl'l 

.r ,~.,!'", ...; ..,.., ~ , ... ~ ".. .., ~... ... t1..J 1.1 
nr:::~nLUtlLL'UuLvtn~tl~tl~~N LlILLfl~VCnlot\fL'lU1Ut1'l 180 'lU utm"1nUtI'lL"'utI~m1l flElULl fl'l'Dtl'lnr:::~n 

.r •!.. • ., ... ..11"'" .., !::. 'I !::.~... ~ • I..J 1.1
LUtlLLl.Il.IUtlElmnIl1t1lotfl'l,,\1nVl "'n'l1'lLfl1tl1l1'l ~'lUULum1ll~~tl'lflNU"'lVl1m1"m:nn11L1JflElULL ~~ 

tfllN~h:jr:::~1J'flJl1f1'Dtl'lnr.:~n tum~~nL~tlttJi'l1J1L'lru. proximal tibial metaphysis (Zang et aI., 2007; 

Filipovic et aI., 2009) 

ldtll1i~f'l',j"'\f VC1J~1 %trabecular bone area (%BA) 'lItl·.mr:::'t]n proximal tibial metaphysis fHil~'l 
1ulIru.~~ bone marrow cavity L~~~U ~'l~tl~flt\'tl'ln1Jr1EJ'l1'U~i1mritlU",U1~~~1m1~{;If'lHtum.+LL1YH.l'i1'l 
Liltl~1m1{liniht~Ln{;l1l1'l~n1~~nvctu'tli (Fanti et aI., 1998; Arjmandi et aI., 1998; Zang et aI., 2007; 

Filipovic et ai, 2009; Picherit et aI., 2001) LLfl~,,\1nm1ll~fltl'lflf'lnVC1J~1n'l1'lLflffi'll1'lLLfl:::~tlfl).JULtl~t~r 

L",utr'lLRT1:::t.f~1m1{l1JrrLVl11l1'l~nr:::~nYiru'~ n'l1'lLflIffi'll1'lU~:::~tlfl~ULtl~tVln"utr'lLRT1:::t.fUtln"'1n9~ 

~Vl11t'Umriltl'ln'Un1r~[]JLaml1tlnr:::~n (anti-osteoporosis effect) LLt\''J tT'l~1).J11C1tltln~Vl11nr:::~ut~Ln"m1 
~fm;1tln1:::~n (anabolic effect) '1I~l'lti t"'m'l1Yi1:::tlf.h~ujtlt~n'l1'lLflffi1l1'ltU'lIU1~ 1 ,000 ilfl~nwlnt~nw 
1;' ..,...... oJ ..J~ !' .,!'... ...t • 1 .. 
U1"'Un~'l/'lU "lI'l~~Vl L£I'I~tl"'fI~tl~n1Jn11Yl~~tl'l'lltl'l Picherit et al. (2001) VlVl1n11Vl{;lfltl'l UWIJLl1V1LYifll~E1 

tl1~ 7 L~tl'U LLfl~mht~tl~tU1l1'l~nr:::~nYitutvltlm1f;\~f'l1'1iLLfl:::~'l"'\f'!JU1U 80 1u (OVXi'!) t"'tlYilJ~1 
1l1t1"'tr'l1ij1n~t~~11'ttlt·lIl-lfl1t'l'U1ij1ntT'lL"'~tl..::l (soybean isoftavone) 1~llU1~ 20 - 80 il~~nw/m~nfl.J 

~1Vllrnf;\'l/1u U1U 84 1'u VClJ~1f\1fl1'l1l.J"'U1Lltium~c:lnLLfl~ %BA 'lItl'l"'\f1u1'Ut'!"'Vi1t1"11tl'lm1t~~11~ 0164 a:J 

UU'lLUl.J~'ln~1'l1tl'lWIJ OV'Xoo ~1lotfu"'\fLVCf'l~ Yi1J~1mll,y~tl(u'V1:::~1l.J11t1inint~ bone area ~V1fl..::l LL~::: 

bone marrow cavity L~~~U L-rluL;;tI'ln1J"'\fLYifllLiiti LL~:::~tl"'flt\'tl'ln1J~fln11Vl"'fltl..::l'lltl'l Khalil et al. (2005) 

LLfl::: Soung et al. (2006) Llfl:::u1tll~n'l1'lLR1tl'1'lU~:::lItl~ULtl~tVl1L"'Utr-:JLRT1~t.f ~1~11(1im111~ bone 

area L~~;u1I1L-rluL~tI'lnlJ"'\fLYifllLilti (Urasopon et al.; 2007; 2008 a) ~'lLilun1riiutTulll~1 ER~ ~1l.J11(1 
II..!"!. !::. .. ., ..J'I'" '''. .., A t .r .l 'I.!'"'VCtl LIf'I ~Unr~~nVl'l'lltl'l"'\fLYif'l~tlLLfl~LYif'lt;l Ll~~"1n~~V1 L~tl1"'nfl1'l "''l11:::~1J ERp UmtlLtltlnr~~nUJl.J 

I ~ I _ ~ 

fI'l1~ LLVin IJmn'U~"''l1'l'\.1\fLVl f'I L~tI LL~:::"'\fLYi f'I ~ 

~1",fum1LtJ~tlULLtJ~-:JRIJ1l.JW1LLtiunr:::l{1n t'U"'\fL Yi fII La:JtI U~:::LYi f'I~ 1l1t1'" tr'l m1~"witll.JtJ'lLYif'l (f'l1~ 
tUlot'ljLYi f'lli1t1LL~:::tlru."Pl~tU"'\fLVlf'l~) tltln LL~~1t1"'tt'l"l1n~'tllfun'l1'l Lfl1tl'll1'ltU'llU1~11l1..::1 1 Llfl:::~tlfl).Ju 
LVCf'ltr'lLflT1~t.f flt\'1t1f1~'ln1Jn1ntl;tlULltlfl'l'lltl'lf\1 %BA liURtlIl1t1"'tr'ln11~~f'l1,jtulot\fLYif'lLilElLL~~n11~'" 

€(u'V1~tU"'\fLVlf'l~ u~~n"'\f'l!JU1U 90 1u y'ht~R1f1'l1l.J"'U1LLtium~~Ll1tlLtJi'lLLfl~fl'l1~",u1LLtium:::~mntl 
LlWfl{;lfl~tlri1'l~tl"'Rfitl~nlJT1t1'l1u~i1).J1ritlU",U1;1 (Urasopon et aI., 2007; 2008a) Llfl:::Lrltl'tllfun'l1'lLflffi 

http:Llfl:::~tlfl).Ju
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'1'Jfhfl'J1lJ,"lJ1utilJm:~nL~lJ;mlth'llflJnlJfinlJ'!IlJ1c;l~1'" ~~tlmrLtl~tllJu.tl~'1"1:;lJtl~nlJ"Iiil~m~::~·hu'"ti'l 
x 'i'." .. • ,..J • I 'I" ~ , '1 .l', .

lItl'lm:~n 1lJm:~mlJtl~uN"I:L,"lJmnu~tllJu.u~'1 L~"lI~L"IlJm1 lJm:~mlJtlulJlJ nr:~nUnlJn~1'1 (axIal 

th ... ..:..r..r '..,/'" . . 
bone) 4 lumbar vertebra lJmn~lJ'lJ'!Itl'lLlJtmr:~mnnn'l1m:~n'Ci'JlJm1-:tfl (long bone) tibia U~: femur 

U.~n11j;1tllJ~lJtl'l'Wilfl'J1lJL~nlPh'lnlJr~~1'1,"~~'I~tl-:tL~f'I (Khalil et aI., 2005; Soung et aI., 2006; 

.J ... • I..J • I ' _..J ....
Urasopon et aI., 2007; 2008a) LlJtl~"I1rW1n1rLu~tllJu.lJ~'1f'l'J1lJ,"lJ1UlJlJnr::~nl11t1'"~-:t"l1nVl,"~L~f'lLlJtI 

U~:L~f'I~fun'l1'lLfl1fl1l1'J ~~tlr'llJ"I:L~lJltJi'~1n'l1'JLf'l1fl1l1'JllJlIlJ1~~'1~~ (1000 i1fl6nflJ/nt~nflJ ~1'lnrn 
~'J/tJlJ lJllJ 90 tJlJ) l~\:l~ln~L;:;tI'lnlJujtll"'~tlfuJlJL~f'!If'lLf'll1:," (EE) llJ'!IlJ1c;l 0.1 i1~6nflJln~flnflJ ~1,"l!n 

~ , 
~'J/tJlJ ilm'-:ttT'lilfh~'ln~1f'l'J1lJ,"lJ1utilJnr.:~nlltl'lntilJVi~~l1itllJti'lL~f'llJ1lJ 90 tJlJ (O'lXw U~:: ODXoo) u.~:il 

I'hln~~tI'I (p>0.05) nlJntilJ~'Wl~~~vitllJti-:tL~f'ltltln~L'J~1lJ1lJ 180 tJlJ (SH,tJ "I1mJ~~-:tmh'J~1mro~~ 
1~~1m1'JLfl1tJ'1'JlJtln"l1m:~1mrCli1tl-:tnlJn1r~~1t1 (resorption) m':~mLt\''J tT'I~1lJ1rClnr:~lJmr~h'l 

(formation) nr:~nHifln~'JtI ~-:tn~lnmrv'h-:t1lJlItNn'l1'JLf'l1tJ'1I1'JL~tll«tl\'\:l~~'1mh'JtT'Ibiill1t1'11lJ ~'1,rlJ9'1 
"... ~ 't - , • 'to M~..J • .J - .. '1.1 .!'I .... 'i'
V1tl'llJn1rrtmnn~ ~n~'1n~1'JVltl LU LlJlJVI 2 ntllJVI"I:~!ij.JlJ1n'l1'JLf'lffi1l1'J LuLulJm1mnL1f'lnr:ron~ru 

ilmrL-D' alkaline phosphatase LillJ~'Jj;lr'J"I~~mlJ (marker) n1ntl~tllJutl~'1'11tl'lm:ronllJfI1'1fl~iln 

mLillJL'J~1lJ1lJ ~~tI alkaline phosphatase ~tl~llJm'::u~L~tl~il,"~1t1tt1U1JlJ (several dimeric isoform) LL~:: 
• 

,"~'ItltlnlJ1"11ntltJm~fl1t1"1iil~~'JtlnlJ LonlJ ~lJ, nr:~n, thl«, ~1lJ, 1(;1 u.~:rn ~1J~11lJ~,"qj~~lJtl~llJ 

111'J::tln~ tl1:mru 50% '1Itl'l alkaline phosphatase ,"~'1tltlnm"l1n~lJu.~:iln 50% ,"~'Itltmm"l1nrn:~n
" 

~'1,rlJ9'1nth'Jl~~1mntl~tllJutl~-:t'lltl'lr::~lJ alkaline hosphatase llJ;flJllJmrVI~~tl'lf'lf'll1Lnc;l"l1nn1r 
L,J~tllJU.,J~'1'!ltl'ln1r,"~'1 alkaline phosphatase "I1nm::~n mn:'W~lJn1ntl~tllJu.tlfl'l'1ltl'l~1,"l!nl1i'lJ ~'11lJ 

"'~L~f'lLiitlU~~~L~f'I~ 111t1W"''1''1 1nl"'m1'JLf'lrtl1J1'JlJ1lJ 90 tJlJ 

llJ"'~L~f'lLiltl "I::LiilJl~~1mr~c;lf'l1'1lil\:l~",111~1:~1J alkaline phosphatase l.lJ;lflJL~lJ~-:t~lJ ~'1\:l~~ 
II .. ...... ..J...." .!t ¥. 
Lft~tl~fl~tl'lmJ11t1'l1lJVllJlJlntllJ,"lJ1lJ (Shirke et al.. 2009; Li and Yu, 2003; Lee et aI., 2004) r::""lJ 

alkaline phosphatase llJ;I~~1mrr'1.~'LillJ~"JIuti'l;L~mnlJn11t't:h'lm:~n (bone formation), osteoclast 

cell proliferation, differentiation and synthesis of collagen 1~ (Choi et aI., 2001) llJ'Ilw:~~"lIuti'l;L~mn1J 
m1t't~1t1m::~n (bone resorption) iltllJl-ii'n1rVl1'J"ItJ~mntl~tllJu.tl~'l'!ltl'l hydroxyproline llJift'tt't1'J:: U~:: 
tartrate-resistant acid phosphatase (TRAP) llJ~flJ ~'l1.lJf.'l111'J::~W\?u.rVI~n~Ci'lf'l1-tlfh bone formation U~: 

41 I .r .J.c:III I ~ ~ 
bone resortipn marker "I~lJfl1~'1'11lJ (Arjmandi et aI., 1998; Arjmandi, 2001) 91m'1t1'11lJ'YIlJl.J1ntllJ"'lJ1lJ 

l~mnlJ\:ltilltl'l~tlfll-JlJLtl~L~n"llJlf'lLflr1:,"u~:;~111tl~"lIl'l~1~'JlJ~tl1:V)lJ alkaline hosphatase llJ;lflJ ~lJ~1 

\:l~'Wf.'ltlftfl~tl'lnlJ ,rlJ~tl il\:l~~'1~Ci'llL~:l~lJ1:~1J alkaline hosphatase llJ1fu (Shirke et aI., 2009; Li and 

Yu, 2003; Lee et aI., 2004) ~~11lJmrVlc;l~tl'lflf-:t;l\:l~'!ltl'lm1'JLflffi'll1'J~tl1:~lJ alkaline hosphatase l.lJ 

~~"I:'Wl"'lJi'Ci'I ugitlth-3,Jtltln~1lJ1rm~lJl~~1m1'Jflrtl1J1'J1.lJ'!llJ1Ci'1 100 u.~: 1,000 lJn.lnn. ~1~n~'l/tJlJ 
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'I",.,J .... •• ~ .J 
(PM100 U~~ PM1000) ~U'lU'Vl 120 U~~ 150 (O,;n U~~ 0,50) l.J~1\1-3n'l1nql.l PMO U~~ SH "11-3~~m1'Vl~~tl-3Y1 

~ .l''' .J. ~ 1" .J ... .,I ~...1~U~tl"'~tftl-3ntJn1ffi"'~tl-3'11tl-3 Arjmandi et al. (1998) YI'l11J.1tl ""t)1""1ffil.ltf'lU~~l.I'IItl-3mLlU~tl-3LLn""lJLL1'Vl 

';hl~1~t;YtJ alkaline phosphatase lu'ifl.l L~l.I\1-3~U genistein, coumestrol LLt'l~ daidzein ~1l.111tln~~Um1 
""i-3 alkaline phosphatase "t1m'llfltf MC3T3-E1 (osteoblast-like cell line) (Kanno et aI., 2004) ij11EJ-31U~1 

~111tlL'II~t'l1L'lU~1l.111tlEitJd-3m1~t'l1EJm~~n'lltl-3L'IIt'ltf osteoclast (osteoclast resorption) LLt'l~n1::~Un11 
~h-3m::~n'!ltl-3L'IIt'ltf osteoblast (osteoblastic bone formation) (U and Yu, 2003; Sugimoto and 

~ il ~ 'i' ••1 'i' ~.. 1'" .J., '" l' .,Yamaguchi. 2000; Brynin, 2002) LLfl~lJ.Itl t)U~tl~'II.,,~1~'lU"t1nmmt'lt)-3 ""LLn""\?LL1YI'Vl~'1l'-3 'II'VJn'lU U1U 3 

L~tlU ~1l.111tlt'l"'1~t;YtJ dooxypyridinoline lui1~~1'l~ (bone resorption marker) (Arjmandi. 2001) LLt'l~tU 

~m'l~·,'litl~tltlfl2-lULt)~L~n"U"1nm1~1l1-31-D~1l.111tlin'bn1ffit'l1EJm~~nt"EJLil.Vi1~t)£i1~~-3~n~~nL~tl 
Ltli~l~ VitJ~1m1U~Il~tltln'!lt)-3 ER~ mRNA lum~~m~tlLtli-3d'lU distal femoral metaphysis Ut'l~ lumbar 

... '1 J' • .,I ~ ".,vertebra l.Il.I1nn'l1 um~~mUtlLLUU tf'lU femoral metaphysis (Onoe et aI., 1997) '11-3"~~t)j;l~~tl-3ntJm1 

.:; ..: • I.J 1.1 J' 'i't1' .,.Jt " .. 1k .% • 1.1": 1.1'Vlj;lt'ltl-3'U 'Vl'ntJn1nut'lEJ'Uu fl~"1It)~n1~~mUtl L N.n1Em~-3"1n'Vl ""n'l1'lLflffi'!J1'l "'1I~L"Un'l1m1L ~EJ'UU ~~ 

'IItl~m~~mntlUUU '"I1nm1Y1j;lt'ltl-3n'"l::LW~tj11::t;YtJ alkaline phosphatase 1u;fl.l1utJuqj;lif1EJ'!Itl-3m1 

'Vl"'~tl~ (O,aJ lw..tlJ'VJnnql.l (EJm1Un~l.I EE Ufl:: PM 100) ntrtJfii'U~1~~tJ'lJt)-3 Do ~-3U~"'-3~1 bone turnover. 

n~tJR'U~~.n1'l~t1n;; 

1U""lJLVif'l~ m1~",tiru."t'I::iI~ffVi11~1::~tl alkaline phosphatase 1u'ifl.lL~l.I\1-3;'U L"I!'UL~tJ'lntJm1~j;l 

1-31"1!t'U""lJLYH'ILilEJ ~-3~fl~11i~tl~fI~tl-3ntJ11EJ-31'U~ill.I1ritlu""W1e (Soung et aI., 2006) ~tj1m1~"t1ru"J1~';h 
t ~m1Ut'l v'\-3tltl n'lltl-3tJu alkaline phosphatase L~l.I\1-3;ul'U""lJUffi uri LVi f"I~ uvimEJ""tr-3"1n~1~n'l1'lLflffi'!l1'l 

l'U""lJLVifll~Vitltj1~t'l~1~11i1-3hj"t1n""lJLVif'\LiJEJ t1'Ufiitl 1::~tJ alkaline phosphatase l'U'i~L~l.I\1-3;'Utlti1-3i1 
'l!EJ~1RCY'Vl1-3t111~LijtlLViEJtJntJn~l.I~1~~1ni'U tlti1-3il.lliufintJ1J'U1j;l'IJtl-3n'l1'lLflffi'!J1'l~1~ t"'EJn~l.I~~fu 
n'l1'lLf'iffi'!J1'l1wlI'U11'1 100 LLfl~ 1000 ijfl~n1Wntt:ln1l.1 ~1""'I!n~'l/tJ'U Ufl~n~l.I~'l~futl'8fU.J'UL'8~tl1ln"t'U 
i-lLfl11~t.f ilR1~-lntj1n~l.I~'l~ftl~1ni'UtlEi1-3i1'1!EJ~1~CYYl1-3t1t1~ l'U'!Jru.::~n~l.I~'tIlfun'l1'lLflffi'!J1'l1u'!J'U1'" 
10 ijt'l~flfu/mt:ln1l.1 ~1"",rn~'l6'U ilri1W LLl1ln~1~"1nfil.l~'l~fu~1ni'U EJmo)'Ul'UtJut\(;\V11EJ'!Jtl~n1r1~t\11 

(0'00) Soung et al. (2006) nEJ-31'U(hn11Ut\j;l~tltln'!l'8-3tiu ALP (alkaline phosphatase) ~L~l.I~'UJ11EJ""tt~1~ 
t11rltl L 'II~t'l1t'l'U'"I1n6'l L""~tl~ l'U'"lJurYluri L Vif"l~ LVi11~t\111tlt'I!'Y~i:nt'l'UltJ up-regUlate m1Ut1(;\-3tltlfl'~tl-3EJ'U 

~ 1- 1 "''I'' ..:.f ''1'''''' ".f •ALP "11-3"':: un1~6JU ~'" bone turnover LVil.l\1-3~'W L1flt'Vl1 ~""l.In11t1.1-3L'U'8n1~~nl.l1nm1n1rt1t'l1EJn1::;~n Ut'l:: 

'" .... 1" ..f
~tlq"'Yl1EJ(:;NYl1 ""l.I'ltlm::~nUt:l~~'l1l.1""'W1U'W'Un1::;~n\1-3'l1U 

'"I1nn11V1j;lt:ltl-lluflf-3~Lr1L~EJ-3uvitJl'ln1w~EJ'WLLtlfl-1'11'8-3 %BA, fI'l1l.1""U1uu'Un~~n Ut'l~ r~~1J 
alkaline phosphatase lu;ufl.l LyhJu ~-3;rtllJtl~1~Ei-3'WLV4EJ-3YCtl~.,~t11tl'l~t)1m1'lLfl1t1'!J1'lilnfllnn1ffitlnt]YI'i 
L"lIu11tJitlL'I! t'l6n1~~n ~-3Ju~-3 ~'l~"t ~~'8-3y'j1 n11Y1 '" fI'8-3 L~l.IL~l.I L~EJ'l ntlnfl1nn1ffitlnt]YI'i~tl-1t111"~t;tL'8~Lt;t1 
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L~U~~rl{;\1"'~1 nn'lI'lLfittJ"lIl'l~tlm:lJ'lun11fth~LLS::~SltJ m::~n 1UL"I!Sflm::~n"lltl'l"'lJLL1V1 1Ul-IStl ~VlI1lStN 

u.~tlf.il'1'tffilJ11lJ "llnn11Y1I1lStNLuflf'll1 L11t\llJ11tlt\tt11cJ1tlln1riiUn'lI'lLfI"1t:t'!J1'lftllJ11tliltl'lrlUn11t\SltJ 

m:~n (anti-osteoporosis effect) LLfl::fmnIl1'l::m::~nYill.! (anabolic effect) 1u"'lJu.lYILYif'lUjtJLL~::L'nf'l~ 
.J~ -"'I_!... ..l"" ~ ~"I."f ... .:s , ..J .r.t J(,. ~ 

U.fl::~flVl LVI U./lJfI'lllJ u.lJ1nvll·:mU1::'\.-I'lI'1l-1\+VI'I~tl-3LYi f'I "I!'I LUu"l,lJUUYilJ'llftllY1tltln'lVlfim::"Junl1ftT I'lLUtl 

..J... "I '" ...,............ !'i' 'l" 'l 'I..!f
m::f!)nVllJ"lIltJ bUVltl'llJ1S1I1llJtl~LYitJ'IlJ1'lL{;\tI'l fltl lItl1LlJUYil11 Vl1tltJ~ LLVitlf.i'l-3 1nlJ1'llJn1r L"De:JtlMUYil11 

1"4'" ~ ... .. • 1'" ..0/ ~.i' ... .1 "'!"I - ..J ...... ...'l	VlrtltJ{;\nlJt.lS"Dl'1LfltJ-1 flfI VII l-Iflau Lri, tl1L"ltJU, lJ'l{;\'Wl, LlJUlJ1::1'11'lVl'!1 IJ.S::L'ltJUf'l11i:: LLft::lJ11f1'lLLYi-1lJln 

... ~ "'.1 ..I 'I ,..J1..!f ~_. 1 ...... .!'I "'.1 ..J '1 ~..J'I" ..0/ ~_I't ...... 
~'IUU~lJ'ltJ'Cl'lULl-IqJVI "De:Jtl1u.1UYilr1 Vl1tltJ~lJmuU~u'ltJVlfI~ U1l1'l::m::'.lnYill.!"lIUll.!LlNVI bl-ltJItlUu.I {;\LlS'l 

l-I1tlLrltltJI~uu.~'lH·W~~s (Ng, 2009) "llmJflm111I1lStl'llUf'lf'l;1't'ltlfll~tlln'lI'lLfI"1t:t'!I'lftllJl1tl~"l::1.jfLflu 
...... ..0/ 'I ... 	 ~... .:s................."1 '" ~ % .. 

lJI'lLst)nl-lU'l LUn111m~nIl1'l::m::~nYi tu LI1l Utln"l'lnun')1'1Lf'l1tl'!I'1tJ'IlJ'1Itl{;\ L l-IUtl nl1 L'! lItl1LlJUtt'lLfl11::'\.-1 

lJI1'l~n'lI'lLfI'hl"llI'1fl'lt\lmrcllt1sl1ln11Ln~u.S::nln9rty"lltl'llJ::L1'1 L~'UlJlrMln~'ltJ (Cherdshewasart et al., 

2007b) 
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1. 	 m'l~(;lf.:Jl1ilu~~Lytf'\UjtJl11'l~~1\nrn~,)L~~~.:J~U 'lU"lItU::~m'l~(;\€w"f1::1u\t\tLytf'\~.yh'l~\bmrn~'l~(;lfl.:J 
2. 	m'l1~m1'lLfiffi"1'Jy'h'l~~1~un~'l"~.:J\t~tytf'\Ujtl~~I'If.:J11ifl(;\fl.:J L"JluL~tI"lri1J1U~~Lytf'\~~~(;l€tU"f1~ ~ti1.:J 

%. ~ ... ~ ... .l't" .1" J! J! ~ ""!'i'.. X ..
\'t~ytUfin1J"U1"'m1,)L~ffi"ll1'JVI ~~ LLfI:;:~flVI ~1I'I~tt1t1nlJm'l ~~tI~7U-1ULytf'\tt.:JL~'l1~ (17a.-ethinylestradiol. 

EE) 

3. 	m'l~"'f.:Jl1ivi11~~1\tun~(;ltlnfl(;lfl.:J'lu\t~Lytf'lLilti LL~m1'l~m1,)L~1tJ"lI1'Jih'l~~1~un~",,,m~~~.:J~u tl'ltl 

.l' 	 ~ ..l1" ..l"J! J! ~ 'I '" ~. . x ..
"UnlJ"lIU11i1V1 \t LLfI::~flVI W1~tt1t1nlJm'l ~,\Ulfl'lt.Jlmytf'\tt.:JL~'l1:::\t 

4. m'l~"'t1CU"f1~1'l~~1~ll'n~fl~~n~mnLLfI::L"lIi1Ufl L,);L~flfI(;\fI.:J LL~m'l'l~m1'JLfilffi"1'JbJil~fI~~1",un 
vi~~tln\tmnLLfI:::L'i1Ufl L'JfiLRfI L"JluL~tI"lrilJm'l1~tlflfbJUL'YH'Id'.:JLf1'l1:::~ 

5. 	'lu",~mfJ 6 L~~U m'l~(;lf.:J't1ilu"'~Lytf'\UltiLLfI::m'l~"'€tU"f1:::'lU\t~Lytf'l~ LLfI::~nHu1U 3 L~tlU ~1~1'l[)'i'n 
. 1" - 'tJ! ~ 1 .l' ~. I ' .t, ~ 'l"l .U1 	~Ln"'m'J::m:;:~nytru 11'1 VI.:J un'l::~mUtlLuNLLfI:::m:;:~mu~LLuu VI.:J U'Cl'JU diaphysis LLfI::: 

metaphysis LLfI:;:i.:J1um:::~nWlUnfl1'1 (4th 
lumbar vertebra) LLfI:::n'l:;:~mtl1'1l'f (tibia and femur) 

6. m'l1~m1'JLfiffi1l1'JU1'W 90 i'W 1'W"'~~Qn'i'n1l11,xfl~'l'Wfl1'J:;:n'l:;:~nytrut(;ltlmffi(;l(;jfl~ti'lLytf'ltltm v'h'l,x 

..r I':'.r I x. _ .-_ 
L'Wtlm::~n (%trabecular bone area) fl'l1~~U1LLu'Wm:;:~n LLfI:;:~'Jflm:;:~mVm'!I'W flm.:J'Cl~Y'l'Wfin1J1I'W1~ 

n'J1(Hfl1tJ1I1'J~1,x t (;ltln'J1'JLflffi1l1'Jl'W11'W1(;l 1000 i1f1~nhl/iiLflnf~ ~1~un~'Jt1'W il~fllnt\'t;:\tI.:JrilJm'l'l,x 
tltlfl~'WLytf'\d'.:JLf'I'l1:;:~1'W"lI'W1(;l 0.1 i1f1~nf~/nLflnf~ ~1",un~'J6'W ~ni.:JtT.:Jilfh~.:Jn~1'!1~.:Jn~~~~(;lvitl~1i.:J 

L'rtf'l'W1U 90 i'W (OYXoo LLfI:;: 00><00) LLfI:::iifhln~L~tI.:J (p>0.05) ri1Jn~~~bJH'~(;lvi~~ti.:JLytf'ltltln~ 

L'Jfl1'W1'W 180 1'u (SH180) 

7. n1'l~I'Ivitl~ti.:J L'rtf'\tlfln m'l'l~m1'JLf'lffi'!l1,) LLfI:;:n1'll~tltlfUl'WLyt f'li.:JLfl'l1~~1~1'l[)m:;:~Um'lL~~~'W"lJtl.:J 

alkaline phosphatase 'lu;f~'l~~'I;u ~.:Jti.:J~~1iJ94'tI~'Infi1'Jluil~flih'l~ bone turnover rate L~~~.:J~U 
8 . 	91nCJfln1'lVll'lfl~'Il'If.:Jn~lUl~~1m1'JLfilffi"1'Jutln~1n9:;:il'lVl'iil~.:Jnum'l~fI1t1m:::~n (antiresorptive 

effect) LL~'J tT.:J~1~1'l[)m:::~'Wm'l~f1'1n'l:;:~n (anabolic effect) 't~ Ll'ltI'Wilfil'J1~LL~nvi1'1riu"lI~'I~fI~1~ 
, ::. 4..l ~ .oS. '1.1 .J 'I.1f PI 1 ~ ~ 'I,'"

'l~'J1~"'~'VI'1~~.:JLytf'l ~.:JI'I'J'lV1~:;:yt(ij.JU1m1'JLfilffi"1'J~fl LuL'rttl L"DLuUm Um'l1m~rh'lflm':;:~nytru L'W~~'1 

LLfI:;:'4M'Iiti 
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(·nmJ~~llitun~ 1 ~~1n'l1'lL'iffi1l1'l~1~11tliltl~nUn11~~1flm::~n (anti resorptive effect) LL~:: 

~1l.J11C1nr.:~U011~11,m1::~n (anabolic effect) Vi' ~~"'lrilli(ij.lU1(;\tl'h.lLtlUfl1'tU011fm~nh"n1::'On'Vitu'lu 
... ~, .1 ., CIt .J 'l o,"f J!...I .. ... ..J ~ ~ ~ .....J 

~(;I1LL~::1JM~'lfl LL(;ItltJ1'l Lffim~L'Vitl ". L"~~Vl~~\!1ru 'ij~f1I'lrVl'ij::l"ln'H1n~ Ln01ffitlngVl1i'Dtl~m1'lLf1Iffi1l1'lVl 

r.:~UL'I!~tfL~flfitlU c;),nru'lun~ 2 (f;J~1"~ 2554 - rlUmflU 2555) ~'l'l1'1LLeJU~'ij::'V'h~1u~4'flj;Jtl'ij1nn~ 1 ~'1~ 
.., • d ., 

1. 1i111'l~'lflf'11 bone remodeling marker I'ltl 1::~mltl'l tartrate - resistant acid phosphatase 

r.:~Ue1tlfU.JU'Vi1111Vlffifl{;) LL~::r.::i1JrJtlfU.JULLf1Ifl~LlJlilu LLa::: bone mineral content (BMC) lu~'U.. 
... " 

I.L'mLYt"L~tI LLa:::LYt"ei.. 
2. mflll'l'l:::Y1L~~'l:::iI~'\'Un11Liftl~LlIa~ rat osteosacoma cell line (UMR 106) LLfl:: primary 

osteoblast "I1nm::~n".ihLLif'l (tibia) 'Iltl'lWI&Lm'1LIJIL~l.Jrjm'Vif!lUj£.l LyJtl011Vl(;l~tl'l'luil~ 2 ~tl1tJ 

3. ftnH'ln~lnn1~flnCJYI~'8"1f1'l,lYiC"Lflttt"'L~u;ltttlfll~~'lnn'lI'lLf'1~fl~I'lfi'8n1:::tJ'l'Un1'i 
" ~ '\ttl'l"lUa:::flalt1n1:::",n ~fl"lLlIaan1:::fln~'ULL'm 'U~a'ilflYlflafl"l 

.. .. OJ 

4. ftnH1nalnn'l'i'ilflnCJYI~fl~fI'l11YiCPtLflttt(;,\1L~u;lfln(;\1;~'lnn'l'l'lLfI~'iI~1'l e.i1u~'lfu~'iI"I 

lI'i1.fi:~'UL'ilt'lL"'L~'U~'iI"I osteoblast 
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1. Introduction 


2 Pueraria mirifica Airy Shaw and Suvatabandhu is an indigenous Thai herb. Its 

;i 

3 tuberous roots contain at least 17 phytoestrogen compounds, mainly isoflavones [1,2]. The 

4 estrogenic activity of P. mirifica has been evaluated on various organ systems, including the .. 
reproductive organs [3-5] and breast cancer [6]. Based on its estrogenic activity, P. miriflCa 


6 has become a major focal point for modem research on postrnenopausa! symptoms in women 


7 [7-10], including osteoporosis. 


8 Osteoporosis is a skeletal disorder characterized by a low bone mineral density and 


9 microarchitectural deterioration of bone tissue, which predisposes the individual to an 


increased risk of fractures of the hip, spine and other skeletal sites [l.l]. Bone fractures may "\:; 

II lead to disability, as well as a decreased quality of life, and increased morbidity and mortality 

12 [12]. It has been estimated that the annual number of worldwide cases of osteoporosis-related 

13 hip fractures will increase from 1.66 million to 6.25 million by the year 2050 [l3]. AcruAity; 
:-..;' .. 

14 26% of all hip fractures in 1990 occurred in Asia, and this rate could rise to 37% and 45_ 
'. . .. ;':;:~;/ I' 

the year 2025 and 2050, respectively [14]. The higher prevalence ofosteoporosis has occUff~l.t 

16 recently in the world, especially in countries where the human life-span has been prolonged: 

17 · Thus, in women aged 40 - 44 years (a premenopausal age), the prevalence of osteoporosis is 

18 only 0.9%, but this increases to over 30% and 87% at 70 and over 79 years of age, 

19 respectively [15]. 

. In women, estrogen deficiency has been recognized as a key factor for osteoporosis 

21 development. Estrogen plays an important role in maintaining bone mass in adult women by 

22 exerting a tonic suppression of bone remodeling and maintaining the balance between bone 

23 formation and bone resorption. Thus, entering the menopause, which is accompanied with a 

24 sudden loss of estrogen, could result in a decrease of bone mineral density and bone mineral 

content [16]. Therefore, estrogen replacement therapy is proposed to prevent bone loss in, 

3 
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2. Materials and methods 


2 
 2.1. Animals 

3 Adult female Sprague-Dawley rats, aged 60 days and weighirfg 200 - 250 g, were 

4 obtained from the National Laboratory Animal Center, Mahidol University, Nakhon Pathom, 

Thailand. They were housed in stainless steel cages with sawdust bedding at five 

6 animals/cage in a room with controlled lighting (lights on 0600 - 2000 h) and temperature (25 

7 ± 1°C) at the Primate Research Unit, Department of Biology, Faculty of Science, 

8 Chulalongkorn University. The animals were fed with a standard rat chow diet (C. P. 082, 

9 Lot No. 17, S.W.T. Co., Ltd, Thailand) for 3.5 months (when they were 5.5 months old). Two 

weeks in advance and during the experimental period, rats were fed a soy-bean free rat diet 

II (C.P. 082/SBF, Lot No. 080101, S. W. T. Co., Ltd, Thailand) to minimize the phytoestrogen 

12 content in the diet, as reported previously [25]. To minimize the increase in body weight 

13 caused by ovariectomy, the food consumption of ovariectomized rats was adjusted weekf:Vtb 

14 the level of sham-operated rat consumption. Water was supplied ad libitum. The experimental 

·· protocol was approved by the Institutional Animal Care and Use Committee of Faculty of 

16 Science, Chulalongkorn University (protocol Review no. 0823003). 

17 · 

18 2.2. Experimental procedure 

19 At 6 months of age, blood samples were collected from the rats by cardiac puncture 

and this day was designed as Do. Seventy rats were divided into two main groups: sham 

21 control (15 rats) and ovariectomy (55 rats). In the ovariectomy group (OVX group), rats were 

22 bilaterally ovariectomized from a dorsal approach. In the sham control group, ovaries were 
• 

23 exteriorized but replaced intact. The rats were then kept for 90 days after the surgery to induce 

24 bone loss [22,23], before being submitted to the study, and blOod samples were consecutively 

collected every 30 days, which were designed as 0 30,060 and D9(), respectively. 

5 

' · 



~ 

2.4. The extraction ofP. mirifica and isoflavone analysis 


2 The isoflavone content of P. mirifica was analyzed by a high performance liquid 


3 chromatography (HPLC) technique. Before being submitted for the isoflavone content 


4 analysis, the P. mirifica powder was first extracted. In the extraction step, 50 g of the P. 


5 mirijica powder was mixed with 150 ml of 95% ethanol and incubated in an incubator shaker 


6 at 250 rpm,
. 

50°C for 24 hours. The ethanol extract was filtered by ,filter paper (Whatman 
. , " 

7 No.4) and the solution was kept at -20°C. The precipitation was again extracted with 100 mJ 


8 · of 95% ethanol in the same way as mentioned above. The solutions collected from the two 


9 extractions were pooled together and solvents were removed under a vacuum of a rotary 
 ; :., 

10 evaporator. Then, the extraction was dried by incubated in the water bath at 60°C. The dried :.;i(:;"~>_ . 

extract was stored at -20°C until HPLC analysis. 

12 To identify isoflavone contents, 3 mg of a dried extract was re-dissolved with 4.5 mI· 

II .~~,,' 
.' ,. ~~.. 

13 of absolute ethanol and diluted with 1.5 ml of solution A (100: 0.1 % v/v of deionized waWi : 
.. , .. .. ~>~\ 

14 phosphoric acid). Then a 10-J.11 injection volume of extracted solution was analyzed for fi~~ ( 

15isoflavones using a HPLC according to the previously described method [25] with a slight 

16 modification. The HPLC system (Water 1525 binary HPLC pump, Waters 717 plus auto­

17 · sampler, and Water 2487 UV absorbance iQuaJ /.. detector (Waters, Milford, USA» was 

18 performed in a 250 mm x 4.6 mm column (ODS, Japan) at 25°C. The mobile phase consisted 

19 of solution A (l00: 0.1 % v/v of deionized water: phosphoric acid) and solution B (l 00:0.1 of 

20 acetonitrile: phosphoric acid) with gradient elution, flow rate at 1 mllmin and detection 

21 wavelength was set at 255 run. The isoflavone content in the sample was analyzed by • 

22 comparing the retention time and quantifying the amount using standard curves of peak area 

23 of the five isoflavone standards. Puerarin (>99 puritY, LKT Laboratories, Inc., MN, USA), 

24 daidzin (>95 purity, Sigma-Aldrich, MO, USA), genistin (>95 purity, Sigma-Aldrich, MO, 

25 USA), daidzein (>98 purity, Sigma-Aldrich, MO, USA) and genistein (>99% purity, LC 

7 
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to a small size and then decalcified in EDTA-G solution (EDTA disodium salt 14.50 g, NaOH 

2 1.25 g, glycerol 15 ml and distilled water 100 ml) for 4 weeks by changing the EDTA-G 
. 

3 solution every week. After four weeks, the decalcified bones were dehydrated through a series 

4 of increasing ethanol concentrations to absolute ethanol and then cleared in xylene. After 

embedded in paraffin, they were cut into 5 J.lm thick sections, and stained with hematoxylin 

6 and eosin. The slides were analYzed under an Olympus light microsco~ and digitized with a 

7 camera (Sony, DSC-S85). 

8 The Digital Image Processing Software Image Pro (Plus Software Media Cybernatics, 

9 Inc., USA) was used for quantitative bone histomorphometric measurements. The studied 
¢ 

.~ .. 

region of proximal tibia metaphysis was trabecular bone between 2 and 4 mm distal to the <~f} 
....~~'1 .~ ~;: . . 

II growth plate-epiphyseal junction. In each section, four non-overlapped windows of 1 x 1 mm 

12 were detennine~ and five sections in each rat were randomly selected for the study. The 

\ 13 percent of trabecular bone area (%BA) was calculated by the trabecular bone area/total area x 

14 100. 

\ 
:l 

16 2.B. Statistical analysis 

17 The data are expressed as the mean ± I SEM. Differences in body weights, relative 

18 .organ weights, %BA and serum alkaline phosphatase levels between each time point in each 

19 group, and between each group in each time point, were analyzed by one way analysis of 

variance (ANOV A) with post-hoc test by LSD test. In all cases significance was set at p <0.05. 

21 As the body weights in all groups of rats significantly changed throughout the study period, 

22 the relative organ weights (organ weightlbody weight) were used. 

23 


24 


9 
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2 3.3. Bone histology and bone area 
. ..j 

3 After OVX for 90 days, the trabecular bone area was dramatically reduced, whilst the 


4 bone marrow cavity was concomitantly increased (Figure 3). This confirms the success of the 


5 induction of bone loss by OVX in this study. The trabecular bone area in OVX rats after 180 


6 days was reduced further than that after 90 days, whilst in contrast treatment of the OVX rats 


7 with different doses ofP. mirifica or with EE restored the trabecular bone area. 


8 Comparison between the SH and O¥X groups after OVX for 90 and 180 days 


• 
9 revealed that the % trabecular bone area (%BA) in OVX groups were markedly and """ ,;"'.:;~~<;

:- .:~'~\ .~ -\!~~~ 

10 significantly lower (65.40% and 72.72%, respectively) than those of the SH groups at 22.79 ± ::':;.:~.{'~'~'~F,:~ 
.~~~jt¥ · -~ 

::".::,,':.-,' . 
- ~.~..... 

. '.t, .11 1.34 vs. 7.88 ± 0.99 for SH9Q and OVX9Q (p < 0.001), and 17.71 ± 1.42 vs. 4.83 ± 0.42 for 

12 SHI80 and OVX I80 (P < 0.001), respectively, as shown in Figure 4. As the age of the control 

13 SH rats increased from 9 months (SH9Q group) to 12 months (SH180 group) old they also ... 

14 showed a decrease in the %BA by 22.29% (p = 0.004), whilst that for the OVX rats showed a 

15 significant 38.7% decrease in the %BA (p =0.01). 

16 Treatment of the OVX rats with P. mirifica could prevent the progressive reduction 

17 of%BA from that of the OVX9Qgroup (%BA = 7:88 ±0.99 for the OVX9Qgroup); "espeCiiilly 

18 at the higher doses (%BA = 4.83 ± 0.42, 6.73± 0.92, 7.45 ± 0.93 and 8.01 ± 1.27 for PMO, 

19 PMIO, PMlOO and PMIOOO, respectively), as shown in Figure 3, whilst the %BA in the 

20 PMlOOO group was nearly the same as that of the EE group (%BA = 8.67 ± 0.96). Moreover, 

21 the %BA in the PMlOOO and EE groups were significantly higher than the PMO group 

22 (p<O.05), by 65.80% and 79.50%, respectively, and slightly higher than that of the OVX9Q • 

23 group, by 1.64% and 10.90%, respectively. Thus, feeding of PMIOOO and EE to the rats 

• 
24 seems to rescue the %BA. However, restoration of the %BA was not complete and, for 

I 1 
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rats, where ovariectomy increased the body weight [23,25,31]. This was also the case in the 

2 present study, where the body' weights of rats were increased after OVX and dose-dependently 

3 decreased after P. mirifica treatment, confinning that the rats were in a~ endogenous estrogen 

4 deficiency stage after the OVX, and that P. mirifica could reverse the estrogenic activity, as 

also observed in the EE group. 

6 Since the body weights of rats were altered after P. mirifica and EE treatm·eri!; the 

7 weights of the organs are presented as the relative organ weights (organ weight/body weight). 

8 The OVX showed a very mild effect on the relative weights of the metabolic organs. However, 

9 the relative uterus weights were highly decreased after OVX treatment but recovered after the 

administration ofP. mirifica or EE, as has been reported previously [4,5,32]. 

II Phytoestrogens exhibit estrogenic activity by binding at both estrogen receptors (ERs), 

12 ERa and ER~, with a higher binding affinity [33] and expression of mRNA at ER~ [34]. ERa 

13 dominates in a few specific tissues, and is mainly involved in the reproductive syst~·tn; 

• 
14 whereas ER~ is expressed in many tissues including the bone, especially the lumbar vert~'i 

" ~ ,~;. 

and trabecular bone [34,35]. Intensive investigation is currently underway to identify sel~ti~ 

16 estrogen receptor modulators (SERMs), which display the desirable estrogenic effects but lack 

IT or have a greatly reduced level of undesirable side effects. Thus, phytoestrogenS · are 

18 considered to be SERMs activity. There is a marked difference between phytoestrogen 

19 dosages that protect against bone loss and those that induce uterine hypertrophy. Thus 

treatrrient of the OVX mice with genistein at 0.5 - 0.7 mg/day could prevent trabecular bone 

21 loss without inducing the hypertrophic effects on the uterus [36,37]. The OVX rats fed with 

22 soy protein containing the isoflavone content (which include genistin, genistein, daidzin and 

23 daidzein), at 1,462.0, 25.1, 590.0 and 11.3 mglkg soy protein isolate, increased the bone 

24 femoral density, but induced no significant effect on the uterine weight [38]. The OVX mice 

fed with P. lobata, another phytoestrogen containing herb, showed an amelioration of bone 

13 

;:"",!- ' 

': /··;:.r~)~;'t} 
.' 
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prevent the bone loss (anti-osteoporosis effect), but they also restored the established 

2 osteoporosis (anabolic effect) in female rats, as seen by the fact that the %BAs in PMI000 

3 and EE groups were higher than the OVX90 group by 1.64% and 10.9%, respectively, 

4 although it was not significant. This was also reported in seven-month old rats which were 

induced to osteoporosis by ovariectomy and kept for 80 days (OVXso) with or without 

6 subsequent treatment with 20 - 80 mglkg BW of soybean isoflavone for 84 days [46]. 

7 Although the BMD and bone area at DJ64 were not significantly different from those of the 

8 OVXso rats, the numerical values tended to be higher, especially for the trabecular bone areas 

9 [46]. 

Alkaline phosphatase has been clinically available for several years as a marker for ,;:::' 
.::~~~ : 

11 bone metabolism. Serum alkaline phosphatase consists of several dimeric isoforms that · '.~ ", 

~. ~. 

12 originate from various tissues, such as the liver, bone, intestine, spleen, kidney and placenta. 

13 In adults with a normal liver function, approximately 50% of the total alkaline oh()sdhatase .. 

14 activity ariSes from the liver and 50% arises from the bone. Thus, we assume that the 

. in the serum alkaline phosphatase levels in the present study are due to the changes 

16 bone isoform. because P. mirifica had no effect on the liver weights, although ofc~utSe-'ffiis 

17 awaits formal confirmation. In agreement with the previous published reports indicating that 

18 ovariectomy increased serum alkaline phosphatase levels [32,47,48], our OVX rats showed an 

19 increase in serum alkaline phosphatase levels starting from ~o. whereas the levels were stable 

in the SH rats throughout the study period. Serum alkaline phosphatase is an indirect marker 

21 of bone formation, osteoblast cell proliferation, differentiation and synthesis of collagen [49]. 

22 It suggests then that the OVX rats have increased bone formation. Concomitantly, urinary 

23 hydroxyproline and serum tartrate-resistant acid phosphatase activity, which are viewed as 

24 bone resorption markers, were also elevated in OVX rats [38,50]. Thus, bone formation and 

bone resorption were greater in the OVX rats. Controversial results of the effect of estrogen 

15 
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hormone [54]. However, parathyroid hormone has undesirable side effects, including nausea, 

2 vomiting, headache, leg cramps and dizziness, and, most importantly, it is very expensive . 
.. 

3 Thus, parathyroid honnone treatment is reserved for patients with severe osteoporosis who are 

4 unable to take other medications or for whom other medications are not effective [54] . 

5 Regarding the results presented here, P. mirifica might be a candidate of choice, because P. 

6 mirifica also confers beneficial effects in tenns of the reduction of t~morigenesis and tumor 

7 growth [6]. Thus, the use of P. mirifica could promise major advances to bone health in 

8 . postmenopausal women. 


9 


10 Acknowledgements 

11 The authors thank Dr. Robert Butcher, Faculty of Science, Chulalongkom Uni" .....o.1"CT 

12 for proofreading of the manuscript. This study was supported in part by the Inter-Department 

13 of Physiology, the Graduate School; the Thai Government Stimulus Package 2 (TKK25~~}, 

. :.'.: i :. 

14 under the Project for Establishment of Comprehensive Center for Innovative Food, H~th 

15 Products and Agriculture; Ratchadaphisek Somphot Endowment Fund (Grant no. AGOOIB). 

16 

17 References 

18 [I] Chansakaow S, Ishikawa T, Seki H, Sekine (nee Yoshikawa) K, Okada M, 

19 Chaichantipyuth C. Identification ofdeoxymiroestrol as the actual rejuvenating principle 

20 of"Kwao Keur", Pueraria mirifica. The known miroestrol may be an artifact. J Nat Prod 

. 21 2000;63:173-5. 

22 [2] Cherdshewl;lSart W, Sriwatcharakul S. Major isoflavonoid contents ofthe I-year­

23 cultivated phytoestrogen-rich herb, Pueraria mirifica. Biosci Biotechnol Biochem 


24 
 2007;71 :2527-33. 

17 



5 

10 

15 

20 

25 

¥>.,. 

[12] Ray NF, Chan GM,Thame'r M, Melton LJ 3rd 
• Medical expenditures for the treatment of 

2 osteoporotic fratures in the United States in 1995: Report from the National Osteoporosis 

3 Foundation. 1 Bone Miner Res 1997; 12:24-35. 

4 [13] Cooper C, Campion G, Melton LJ 3rd.Hip fractures in the elderly: A world-wide 

projection. Osteoporos Int 1992;2:285-9. 

6 [14] Gullberg B, Johnell 0, Kanis JA. World-wide projections for hip fracture. Osteoporps Int 
. , 

7 1997;7:407-13. 

8 . [15] Henry MJ, Pasco lA, Nicholson GC, Seeman E, Kotowicz MA. Prevalence of 

9 osteoporosis in Australian women: Geelong osteoporosis study. J Clin Densitom 

2000;3:261-8. 

11 [16] Ohta H, Makita K, Komukai S, Nozawa S. Bone resorption versus estrogen loss follwing 
. \ 

12 oophorectomy and menopause. Maturitas 2002;43:27-33. 

13 [17] Turner RT, Riggs BL, Spelsberg TC. Skeletal effects ofestrogen. Endocr Rev 

14 1994;15:275-300. 

[18] Kenemans P, Bosman A. Breast cancer and post-menopausal hormone therapy. Best 

\, 16 Pract Res CI En 2003;17:123-37. 

17 [19] Fontanges E, Fontana A, Delmas P. Osteoporosis and breast cancer. Joint Bone Spine 

18 2004;71:102-10. 

19 [20] Sulak PJ. Endometrial cancer and hormone replacement therapy: Appropiate use of 

progestins to oppose endogenous and exogenous. Endocrinol Metab Clin North Am 

21 1997;26:399-412. 

22 [21] Canavan TP, Doshi NR. Endometrial cancer. Am Fam Physician ]999;59: 3069-77. 

23 [22] Urasopon N, Hamada Y, Asaoka K., Cherdshewasart W, Malaivijitnond S. Pueraria 

24 mirifica, a phytoestrogen-rich herb, prevents bone loss in orchidectomized rats. Maturitas 

2007;56:322-31. 

19 

:.:. ·:·1..........··=·> 


~;(~_i.:/:.{f.:. ; 

',: .. ,­

. 




5 

10 

15 

20 

25 

'1<. 

[31] Malaivijitnond S, Tungmumlithum 0, Gittarasanee S, Kawin K, Limjunyawong N. 

2 Puerarin exhibits weak estrogenic activity in female rats. Fitoterapia 201 O;Doi: 

3 1O.1016~.fitote.201O.01.019. 

4 [32] Shirke SS, Jadhav SR, Jagtap AG. Osteoprotective effect ofPhaseolus vulgaris L in 

ovariectomy-induced osteopenia in rats. Menopause 2009;16:589-96. 

6 [33] Kuiper 00, Lemmen JG, Carlsson B, Corton JC, Safe SH, van der, Saag PT, et al. 

7 Interaction of estrogenic chemicals and phytoestrogens with estrogen receptor ~. 

8 Endocrinology 1998; 139:4252-63. 

9 [34] Onoe Y, Miyaura C, Ohta H, Nozawa S, Suda T. Expression of estrogen receptor ~ in rat 

bone. Endocrinology 1997;138:4509-12. 

11 [35] Gustafsson JA. Review: estrogen recptor-~ a new dimension in estrogen mechanism of 

12 action. J Endocrinol 1999;163:379-83. 

13 [36] Fanti P, Monier-Faugere MC, Geng Z, Schmidt J, Morris PE, Cohen 0, et al. The 

14 phytoestrogen genistein reduces bone loss in short-term ovariectomized rats. Osteoporos 

i 
 Inst 1998;8:274-81. 


\ 	 16 [37] Ishimi Y, Arai N, Wang X, Wu J, Umegaki K, Miyaura C, et al. Difference in effective 

17 dosage of genistein on bone and uterus in ovariectomized mice. Biochem Biophys Res 

18 Commun 2000;274:697-701. 

19 [38] AIjmandi BH, Birnbaum R, Goyal NY, Getlinger MJ, Juma S, Alekel L, et al. Bone-

sparing effect of soy protein in ovarian hormone-deficient rats is related to its isoflavone 

21 content Am J Clin Nutr 1998;68 (suppl):1364s-8s. 

\ 
• \ 	 22 [39] Wang X, Wu J, Chiba H, Umegaki K, Yamada K, Ishimi Y. Puerariae radix prevents 

1 
Ii 23 bone loss in ovariectomized mice. J Bone Miner Metab 2003;21:268-75. 

24 [40] Ren P, Ji H, Shao Q, Chen X, Han J, Sun Y. Protective effects of sodium daidzein 

sulfonate on trabecular bone in ovariectomized rats. Pharmacology 2007;79:129-36. 

21 

.::~ ,:,"'~.~t;~ :. 

~bc~;"'~~fB~ 



,"', 
[5\] Kanno S, Hirano S, Kayam'a F. Effects of phytoestrogens and environmental estrogens on 

2 osteoblastic differentiation in MC3T3-E 1 cells. Toxicology 2004; 196: 137-45. 

3 [52] Sugimo~o E, Yamaguchi M. Stimulatory effect of daidzein in oste'oblastic MC3T3-El 

4 cells. Biochem PharmacoI2000;59:471-5. 

5 [53] Brynin R. Soy and its isoflavones: a review of their effects on bone density. Altern Med 

6 Rev 2002;7:317-27. 

7 [54] Ng KW. Future developments in osteoporosis therapy. Endocr Metab Immune Disord 

8 Drug Targets 2009;9:371-84. 

• 

, 

23 




100 and 1000 mg/kg BW/day (OVX, PMI0, PM100 and PMIOOO, respectively) for 90 

2 days (B). Except for the SH and OVX groups, the data are expressed as only the mean 

3 (derived from 10 replicates) because the SE values overlapped making the plot unclear. * 

4 and ** = p < 0.05 and 0.01, respectively; compared to the SH group. 
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8 Cherdshewasart and Sriwatcharakul, 2007; Jaroenpom et at, 2006; Malaivijitnond et al., 2004; 2006; 
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14 	 et al., 2008) 1nWX'W '.i1lJ't1'1fll'.iU11tJffflll11~tll 'Wff9111tY'.ill!f11l11ft1fll1'01t1'ifU911'lf'W tJft1~fl (~tylJtU fllty 
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1l'W1'.ifJ'Ou'O:::mu:::, 2549) in (fflJ1fl'lftf 't1'lJ1~~tyU€l:::flW:::, 2550) u'O:::"lm (fflJ1fl'lfU llUl1l~ty, 2551) 't1'1 
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'tI11 fi '\J 1 tI fl Q 't11 " tJ 9l1lJ VI fl '191 €l1 ~ U'W iffl "~fl ~, 'W ~ tJ 'U fl '1111 ff ~ fi ij, U U €l::: 91 fl fl fi ff llJ 1 '.i fI U llJ 11.ri 
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22 	 'tIfl'l'l11fl1111f1~fl'Ul1ff~ fi '~ijhum:::91 flfltJ'.i::: flflU 11~fltu-i'W fl111tfl~ fl'U 11mmt,r'I 111fl ~'IU~€l:::l~tl91 . 	 .~ 

23 'tIfl'lfl111tfl~fl'tl11 fi'U'.i'.i~flQl'WQ'I~ft1ff~fl111flUfltJ~'O ~fl't1'1rJ'Iijfl'lffflJ'W1 ~'.il1'Olt1'lfu~fi~u1'WtJ'.i:::l1'1tY 

24 "1'1t1~ij '.i1mn'W111U€l:::ijelflllW:::f1~ltlfl'Ufl111tfl~fl'U11 ~'I01111fl l:ul'lf~t;tl1'if1tym'l~1'W~qflll tY1 ff91{ 
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v 	 ~ ~ I 

26 rt'lU'W 1 'W fl1 '.i ffflll1f1 i''I U 1i 'I4h 1U'W fl1 '.i tfl fl1111nfl 1'.i' 'W fll '.i ~ 1U'W fl'lfU91'U fl'l fl1111f1 ~ fl 'U 11''W 

" 	 iI " 

27 ltJUUU~H'lfi1~i''UlJlU€l:::ij'U1t1't11''tJIPl1lJVlfl'l91ft191 191tl 1 'Wfl1'.ifffl'lollf1i' 'IU 1l:::Vhfll'.i ltJ1tJufitl'Uelfl'lolW::: 
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d 	 d 'i '-.11 1 & ~ ... "I0 "29 	 U91€l:::tfltJ91 fll'.i 'Vl91 fffl uq'Vl Ti 1'11 'I tUff !91'.iI1l'W'Ufl-:lff1'.i II 9llflff 9l'.il~'Wt}f'lllJ'Wff1'.iff1f1ty !'Wfl111tfl'.lfl'U11 

~1t1n Vaginal cytology assay (Malaivijitnond et aI., 2006; Cherdshewasart et aI., 200Th) ~'Itn'W11i 
.. 	 ~ ~ 

31 	 lJllPl '.i! 1'W 1 'W fll'.iIPl"l11lfffl'Uq'Ylll1'11'1 tUff 191'.i 1~'W 1'W ff1'.itJ'.i:::fl fl'U~ 1-:1 '1 191tl~'I111'111'11'W 1~tI<if'W U 1l:::1n 'W 
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~"QI 4 0 GJ ~ ,~ 11 " 
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m~flfl1l1q"VIt'llfl.:Jffl1iVn~lflffl~~t~'U1'U~1mh.:J~'lf 

l~tJmfftJm~ tmvu !-¥ltJU"flllW::'VlH tl'U jl'U 'IIfl.:J~1fl~1.:J '~Hti 1u ~.:J!m::111 ~fl.:J ~1mh.:Jfl'lf~ 
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" . 
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"flllW::lilfl~l'U1'U'Ufl.:J ~1fl~1.:Jfl'b'-¥li~fufln~'U tJ'U '.l1!iJ'U fl1111i'"l~fl'll11-¥l '~fu1J1 ~lfl ~.:J111~t~tJ.:J111li 

(SMP-l) !m::flU(l~1'lf111ij (SMP-2) ~l1mh~u• 

cv.J 0 IV ..::f Jl!J lj1j1 .. 
'j~W1J'YI 2 tn'jf) 1U 'lJf)rJ mJfJJ~fI.J1J~rJ~lf)lI~'fJfl.Jw;nJlfI 'ifJ'fJ1Jfl1l1 ~f)rJ fJ.JVrJ l'I'i'JR''lJ 
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U~ U(l::mfl.:J~.:JUi'1(l::tVtJ~-¥l,~,rii'll'Uli'1 149 'lJi'"l~fl'U (100 mesh) ~lfl-U'UU1~1fl~H~.:JU~(l::!VUi'1U~(l:: 

" , JI , , 
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• " 0 Q.I t 0 Q., ", tI d
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~ 
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• • • 

Uil-3t.1n'l1fl!~~uil-3ii1U~ H mllJ l1 ~f),l~Hi1'U~ fl1H~"l~t.11l11fl!~ ~U ij-!lii ~u ~ H'lsiJ~ g'U ~1U Ocular 

• d _~, <k "" '" • d -~ 1
micrometer 'ill'U1'U 30 tll~H1J-3~Hll1'U-!I~1fJU1-!l H'l:'U'U'ill'U1'W'\lfJ-!ltlJ~H1J-!I 'Ufl1fJ'U'\I'Ul~ 0.16 ~UN 

ii'li1tllmlPimY''l~l1'd-!lt!H'U l~Ul'hflln'ilJ'lr'U'vf-!ll1lJ~ 10 mfJ'UlPifJl1d-3~1fJ~1-3 1~UU~'l:~1fJ~1-3~ffmn• 
~ ~ ~ 

'il:.yhcjh~1'U1'U 3 T1i'-!llPifJ~1fJ~1-3 l~ufluffmn1'U1:ri'Uij 'il:.yhflUfffllnnnu'UtihJ'U1:::1111-!l SMP-l tm: 

<V <lI I .a , SMP-2 fl'U~1fJUl-3fl111tmfJ'\Il1 SMP-3 tm:Wichai-3 

1~~1J 3 m1'Y1~ft'f)1Jf]'YIi~f)-J'YIHWft' r~mJ'tJ1Ui'JfJ6HW'lf 

fffllnq'YIi'YI1-!ltfJU 1~1t'il'U'\IfJ-!I '~l~tfJU1~1t'il'U1'U~1mh-!lyt')j'l~u1'lfjn Vaginal cytology assay 

(MaIaivijitnond et aI., 2006; 2010; Cherdshewasart et aI., 2007b) ~'1ttl'U1n~fJlfYUl1~flfll1~11~fJ{1lJ'W 

tfJU1~1t'il'UUlllUf:lm:::~'U1,rtn~fll1t'il~tyH'l:::f1UUu-3tCJfmf (proliferation) '\IfJ-3tCJf'l~tgmJ~U-3';fJ-3T1'lfJ~ 
'" iI cf~~ "4 0 1'jI 'jI d .:::s. Q,I '1 I.c:I.c::t. d. .d d. I 

!~ U'l:tCJf'l'l'YI !~tllfJ'W 1111~11'ilUfJ'UfI1U ~f1'l fJ-3 'il'l'YI1H"'U 'il:1I'lf11:1W: U'U'W'Ul-!l IlJlJ'W 1tTl'lUU'YIt1Uf111• 
Cornified cell ~-!I UllJl1 mhlJll,*t1:l'W ~1u-3if1ufJfJf1 q'YIi'\lfJ-3~fJ{1lJ'WtfJU1~1t 'il'U11~fJU11~ fJfJf1q'YIi 

T1~lmJfJf1lJ'WtfJU1~1t'il'W t~'W Ul':i '~l~tfJffl~':it'il'W'~ 

Yilmn'l~'lfJ-31'U11'Wm'YI t'Yuniiv U1U~'U1i1U~lf (Wistar) fJlU 8 ffU~111'~ii1-!1ff'U~'UtfUf1~ 4~-!Icu q q q . ~ 

5 l'U~fJ1fJ'U1-!1ff'U~'Wtf ~1'U1'W 25 ~11~Uff-3c);fJl1'UlJl'illf1ff'W6ff~)rJ'YI~'lfJ'Iuli-3'lf1~ lJ1111'Y1Vl~UlJl1~'l 
• OJ OJ 

• ~ ~. , 

U'l:::UllJlt~U-!I' 1ii!~fJ'Wt~U-3 ff~1'Vl~ 'l fJ-!I T1W:1'VlUlfflU~ f 'il Wl'l-3f11 WlJ1111'VlVl~U iiUf1UTl1'UTllI 

U.flTV'Hn~~fJlJ1,ruWl1.fliit'vi1fl'U 25±1 U-!lffltCJf'ltCHUff 1,rUU-!lff11-3 12 41111-3 (06.00-18.00) tm:::]j~ 12 
• OJ 

• it I " , " I 

'l111lJ-3 (I 8.00-06.00) l~m~u-3l1lJ'11'W flHfft~'Wmffii~~1u;jttiUUfJ'U'iiwi1uii~WfJii 80 U-!lffltCJf'ltCHVU 

fJVl-3'i!fJU 3 411m ~1'W1'U 5 ~1~fJf1H 1'W1:::1111-3fll1'Vl~'lU-311'W'il:'~i''Uml1Ut~~t11t~'il1U~'l.iii~1 
OJ • 

mtiu'Itij'Wri1'WU':i:f1fJ'U (soybean-free diet; CP.082/SBF, S.W.T., Co., Ltd, U~'Vl':iU':ilfll1, U':i:t'VlfflYW) 
" II" ,

(Urasopon et aI., 2008b) tm:Ul~'lfJ~n'll t~U-!ll1lJ'11'Wl~U'Wt~V-!I'Wl'W 1 ffu~ll1'nmJfllHl~'lU-!I rwul,r 

Ui''U~1 
~ 

Ull1'Wm'VllJl~~i''1i,jUfJf1l1-3 2 ~N U'l:::UU'I11'WUUfl!1:I'W 5 mllJ f1~1I'l: 5 ~1 flU f1~lJTl1'UTllJ co cu q q q q 

(OW) U'l:::fl~lI~ 1,rUUf1111tTl~U'\I11 ~UU'IfJfJfl!1:I'U 4 f1rilJdUU flfJ f1~lJ SMP-l, SMP-2, SMP-3 tm: 

Wichai-3 ~lllihri'U 

1'Ufll1'Vl~'lU':mu-!lfJfJfl!iI'W 31:U:::'l 'l: 14l'W'~Un ':i:v:::nfJ'W1,ruu 1:::u:l,ruu H'l:::1:::U:::11~'1 
, 'j/ 'I '1 'j/ '" 1 'j/ "I '''I 'j/<v 1 1 .,; , 'j/ "I 'j/<vl1UU !'W1:U:f1U'W l1UUU'l:1~tJ~11'l-3 l1U11 l1lJ III l~nJun ~ '1 'W'\IW~'YI1~U: l1unl1'll !~nm'l 

I " I "" , 

'U~'l~tUU~'\IU-!lf1111tTl~fJ'\I11ii~UlJUlf1~'W''W'\I'W1~ 100 lJfl./f1fl. Ull1UMl1 l'UUlfl~'W 0.7 mUl'U (f1rill• 
~ . 

SMP-l, SMP-2, SMP-3 U'l:;Wichai-3) l1~fJUlf)~'WU~lJl~1 0.7lJ'l,I1'W (f1~lJ OW) hUJ1,rUl1'Vll-!lUlf11'W• 

" ,'j/ ""'_I ') "~""0 '"~'l'Vl11ff'WU'U'U 'lfUU-3t'lf'lu1~f1fJ'U (Olympus Optical Co" Ltd., Japan) t~U~~\llu'UmCJf'lm1J'U 3 'If'W~ T1fJ 

5 

http:8.00-06.00
http:06.00-18.00


5 

10 

15 

20 

25 

30 

Go' 0 ~ 0 0cia 
1 Leukocyte (L), Nucleated cell (0) Ut;l~ Cornified cell (Co) 'U1HI1'U1'U1CJft;lt;l'VI'WtJ ~1f1'U'U'VI1fl1'lfl1'U1f.U 

O/oCo Co x tOO2 
(L+O+Co)

3 
~ ~ ~ 

4 '1'U f11':ifff1111fli'-rw '~i'tJf11'lVi ~1':iw1~'4 ,j~1fl'l ~ f11'l ~lf1fl f.U~mnJf11'lf11'lfl1tJ~lJtlllt;lfl1'l l~tI~ 

llt;l~fl1'l '1 ~ft\9rr'VI~t;l~~1~~~1'U'VI1~1'V1 tIlff1ff~1 'tI~~flW~1'V1t11ff1ff~1 ~ •Wlt;l~mWlJl111'V1t11"t1 (Protocol 

6 Review Nwnber 0823013) 

7 
~ dv ~4

8 fll111f111~'t'i'U8'IJil'fl1.:Ji:J(I~ 

9 llff~~ r-ll:lf11 'l'VI~(I ~~ '1 'U ~,j'tl~ ~~11~gtlHh'U1~ t1~1tJ'UlJ1~ 'l]1'U 11(1~11fl'l1~Mfl111J U~f119i N'VI1~ 
~~ I .d. a~ ,,0-1 'I I,. '1 'JI 0 'JI 

fffl~'tI~~mm(ltl'VI !~'ltJ'l~'I111~f1"l1Jf11'l'VI~t;l~~~1~"l !~t1 "If One-way ANOVA llt;l~'VI1 post-hoc test ~1t1 

11 LSD test 1~tlfl1'11'U~ '1,rlJfl1'ltl~1Ji'tJ~lfl111JU~f119i1~'VI1~ffi1~~ p<0.05 11:l'U~'U '1,j l~t1'1<ltl,j'lllmlJ SPSS 

.,..:­

12 l1~'l'lfU 17.0 

13 

QI' ..:::f 0 ~ Q.I' ~ jI QI' .t:::I 

'Jg: ~11 'YI 1 m 'JfJ 11 ftJn'lf'tJ fiiI 'II eN~ J f)lJ1.J 'tV 'lfWJ{j '11 (j f} f) '4 f} nrnn lJ .. 
16 ~1f1fl1'l1mtl1J!litltJ"f111w~'1tJ ~~ 11t;l~ 'I11't1~~ SMP-l 11t;l~ SMP-2 tlU\911~d1~f11111fl1fl'tl11 P. 

17 mirifica 'I11J1t1!(I'tI BCU007952 11(1~ BCUOI0250 (fll'W~ 1) 'W1J':h SMP-l lJ"f111W:::'tIfl~11Jut;l:::~~I91'l~tl1J 
•. ~ 

18 "f111W:::'tIfl~ BCU007952 11(1~ BCUOI0250 li11:l'U~'if1mfl~1~~t1~,,~'11J 11J11:l'U'1tJ,j'l~f1~tJ lJ 3 '11Jd~t1 
~ 

19 ol'U11JlJ'tI'Uft'U "l 11Jd~t1'11Jf1m~~,ji~ f111~,j'l~1J1W 9-15 9$1.1. tIl1,j'l:::lJ1W 15-30 CJflJ. '1tJd~t1~,j'l~'tI'UWI 
~ ~ 

'1ml'1~t1~tl1J11Jf1m~ ,jmtl'1 1J1J'U'I11m~ £1111'11(11.1 1 fl'U '1tJff~tJ'I11mJ'U ~1'U tJ'U '1tJ1f1~t1~ ~1'U ~l~lJ'tI'U ft'U"l . ~. 

21 ,j'l~,j'l1t1 (fll'Wli 1 f1 11(1~ 'tI) 'I11'1~~'UlJ"f111W:::~fl'U,j'1~f1t;l1J 1U~~TU'1'Uff'tl11 (fll'Wli 1 fl U(I::: ~) 1;h'U 
~ . . 

22 SMP-2 i~I91'l ~tltJ~1~d1~'1~ ~~1T'U~~i~Yi1fl1'l1,j~t11JllitltJtltJ~1fld1~~"Ifij'U"llil~tJ~~1 'UViVili.tiW ct1~"If 

23 ff1ffl91'ln1'lV f1i1'U tp:::l91:::li'Ui 'WtJ':hl1:l'Uff~'U1vn~li~~'VIN1'V1tl1ff1ffI911fl~ Stephania venosa ~~ 
24 fllll1''VIt111ff~1~fl~ 'I11~11'U ff~l~~~ 1~tl"f111W:::~1<lt,j'l:::f1~tJfl1':i~111'Uf1"1fiJ~~1f1'1tJllt;l~i1 fl~ '11Jl~tr.l , 

~~f1111J1Jff"1J 11J~,ji~ 'tImJ11J111fl~1t1l,jff1lJmgtllJ '11Jf111~,j'l~lJ1f.U 7-129$1.1. tIl1 6-11 CJflJ. ]1'U '11J~,j 
<V '" 71 ~ I '1 <V '" "" ~ 71 1 "" <V 'JI '1 <V 71 '1 ~ I <V 'I 71""­26 ~~'I1'jfl111lJmtl 1J\9l~'I1'l~1J~~ 'I1'U1 1J1J'tI'U1lt;l~1J'U lff'U 1J'lf~ f11'U 1Jtll1lJ'l~lJ1W 5-15 CJflJ. '111 !\9l~'U 

~ ~ . 
27 'tI'U1~1my f1(11J 1,j~~f1'111ihh\9l1(1 1,j~flf1't1~'tI'l~'I11m~t11J lU~''Ui1't111~~l1ff~~ '1'Ufll'W'¥l1 (~ 11(1~ ~) . ~ .a Go' ~ , .a dod. 'j/ Go' ~ .c::::a 0'0-1 ~

28 1'U~~~1f1'111f11111mfl'tl11 (SMP-l) 1m:::ff\!m~~ (SMP-2) lJff'tll1flmtlf1'U~~11m1~'I1(1f111W~1'U~ 
, :II JI, " 

'JI '1 Go' c:r od..c::::a ~ I od. ~.d. od.od. 'j/ '1 A 91 dot Q.I29 ~1'U 'U'I11 !~tlt;l~l~tl~t1~'tI'U 'W1J11 SMP-2 1J1'U~ff'tl11'V11J!ff'U mm~1J'l~tI!ff'U'l~tJ1~ff'U1~1t;l~~'U'lf~1~'U 
~ ~ . 

ri1'U SMP-l 1T'UlJ1U~ff'tl1111t;l~lft'U '1t1lJ1f1ul9i'~,j'l1f1~lft'U':ifl1J1~~~Uff~~ '1'Ufll'W-¥l 1 (~ 11(1::: u) 

31 
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• • 

~lflfll'i~lU'U fI-C;m:H.u~'VI1 'HfW!1'Ul11h1'Vl'nuil~1mh-:j SMP-2 ~~ff~t~~~ 'li1'Jffl111tfl~~'Ul1 . .. . 
u~fl'-:jll if1'fI~11 i ~,j'l-:j~'Uil 1'UU1-:jflf-:j~1~~1-:jfl'll'fflJ'U' l'l':iViif1'fum m~'il~ iliif1'iJ-C;fllJW~!iJ'U'I11 'H~~2 • 
!iJ'U'I11 u~'liiJ1UtiJlJff1'U1h~fI~U l111,rfll':i1tfl'il~""lJ ':i~fl'u~ 1 'liffllJl':i()'Vh 'f1'u,,~hW~hlJ1'H~3

• 
4 fl111tfl~~'U11~iJ'U1tJfi'U~~~1'1n'UVI~-:j\91 "1~'H ~~''U ~1'U 'U1tJtJ1U~'VIrJU~'U1U':i1W1JfI 'il~~~1 lJru'U~-:j~-:j .. .. 

U~"~!~tI~ ~-:jUlJ fll':ifffllJ 11 'U ':i~fl'uu~-:j tiJ'U fll'i tmtJu tVi tJU-C;fllJW~'U ~-:j ~-:jU~ "~t~tJ~'U~Hfl111!fl~~'U11 3• 5 
Q.I 0'4 cv , 4 ~ cl 

6 ff1tl~'Ul!fl~ SMP-l SMP-3 u,,~ Wichai-3 flUff\!m~~ (SMP-2) ~lflfllWlfllJ1~-:ju~"~mtJ'U'U1~ 149 
.. . 

7 ilJm~lJ (100 mesh) 'U~-:j~1~~Hfi-:j 4 'll'U~ .fIltJ1~m~~-:j~"'VInfltJuuu'~uff-:jllfh-C;.:!'UtIlv 400 rrh ~Ui1 
. ". 

8 SMP-1 SMP-3 !m~ Wichai-3 ii-C;fllJW~fl~ltJflil-:jn'U~~1'U~':!U~"~!~tJ~U'U1h~fI~U~1Vff1'UYid~'Wrff'W1v ... . 
9 Vi\1fl~~~~fI!iJ'W 'Vi~lJ ff'W'l ~lflm~U1'W fIl':i U~ u,,~ ~b'W lltiJ'W t~~ uil.:! ltl~H~~lJ ,j'1-:j fI"lJfft'H ~~.:! fl~U 

1 0 (.fIll'l~ 2 fI 'U tm~ fl) 'U'W1~!~fI 'U'W1~!~'Wr-h'WtI'WrJfI"1-:jm~v~-:ju~ 3.63 ± 0.28 'lJm~'W ~.:j 4.27 ± 0.30 

11 ilJm~lJ (fl'.:j\9l1':il.:j~ 1) ~-:jt~flfli1~.:jU~"~t~tI~'Ufl.:j SMP-2 mh.:jihrmY1rif.\J'VI1.:jffil~ (p < 0.01) ~iJ'UU1~ 

12 !~'W~l'Wfl'WrJfI"l.:j 6.13 ± 0.60 ilJfl'i~'W (\9Il':il.:j~ 1) ~iJnJi1.:j~~'W,j'1.:jfl"lJ!'Jf'W!~tl1nU'Ufl-:jfl111!fl~~'U11
~ ~ 

. .. .. 
14 i~lfl~UfllJ~1'~!~~uil-:j~~fflhi~u!,j'lJ u~ml1f1U'W~1~~1.:j~.:jU~"~!~tI~'U~-:jff1Mi~~ SMP-2 iJ.:j~U . .. ~ 

15 ff1'W'U~.:!!~U1v'!~tlmfl!ij~tViVUnU~1mh.:j ~.:jU~"~!~tJ~'U~.:jfl111!fl~m1.:j 3 fI~lJ 'illflfll'ifflJUU ~llJ1lJ 

16 !~~uil.:j ~Uil~1'W1'U!~~uil-:j~~u'u'Hi1-:jm~Ufll':iUU~1~~1.:j'il~utl ':i~flr:r'Unu'U'Wl~'U~-:j!~~uil.:j ,r'U ~~ 

17 t~~uil.:j~ii'U'U1fll 'HtY (t'liu SMP-2) ~~iJ~lU1'WU~tJ''W'Hi1.:jfl';flU~UU U~~~H h~\9I1lJtrl~l11fll':i , " . 
18 'VIflff~U'VI1.:jffil~ ~U1fl11lJU\9lfl~1-:j (p<0.05) ':i~'HiH SMP-2 nu SMP-1 !m~ SMP-3 t'Vi1U'W''W'Uw~Vi 

19 ff1tJimi' Wichai-3 ii~lU1U!~fluil-:jumJfli1 SMP-2 U~'li!t\9lfl~1.:j~~1-:jiium!hrif.\J'VI1-:jffil~ (p = 0.301) 

20 ~.:jUff~.:j~" ''Wm'i1.:j~ 2 u,,~.fIll'l~ 2 

21 

22 19:;1J 3 nl1n~rrfJ1JfJnim.JwrrT~1IfJU1u;:wth.Jn'tf 
.. . 

23 .fIlfm-C;.:j'il1fl~~f.:j ',j'H'l;U'i'VI!~fl!iJtI~~m1-:j 2 ,j'1-:j U"~\9I':i1~~!C)f,,"!VmJ'Jffl.:jfl"~fll~tJ11i Vaginal 
, ,J.dt., d ?t Q.I4::l 

24 cytology assay (MaIaivijitnond et aI., 2010) ~U11tC)f""W~1J'II'~-:jfl"~~'II'Ufl Cornified cell (Co) C)f.:j!'U'W\9I1 

"" ' " 25 U.:j;ffll':i ~~flt]'VI1i'U~.:j ~Jfl{1lJ'W!~ffl\9l'i!~'W!m~ffl':ill~ ~flt]'VI1ifl~lm~ffhn!~lJ "fl ~llJ 1'W ".:j~~1.:j ':i1fl t~1 

~. Q.I I , jJ cS,. ~ I jI ,J .c. 1 I 'j}

26 t'W'lI'1.:j 14 1'Wmfl'U~.:j'i~tJ~fI~'W 'Hffl':i (.fIl~'V1 3) !fltllJfll':i~tJ"~'U~.:jtC)f""'II'Ufl Co ~~'i~'H1H'i~tJ"~ .. 
27 4.27-30 !C)f""t~m.-.!'Jffl.:jfl"flfl~~Uff1'Ul'HtYl'W':i~tI~rl'tiJ'W tC)f""t~~til~~'U11 (Leukocyte; L) !!"~'H-C;.:j'illfl.. . 
28 fll':i' ,rffl':i U 'U1'U ,,~tI'U ~-:j~.:jUfl"~!~tlfl'U~.:jfl111!fl~fl'U11U"~ffU!~~~ , 'W-U 1fl-C;'W'VI Hlhfl i lh-wtJ-:jff1lJ1'W .. 
29 ~Ui1t91""t~~'4'Jf~-:jfl"~fl'U~.:j'H~'V.!flmilJ~'~fUfl111!fl~~'U11 (Wichai-3 SMP-l !t"~ SMP-3) ii~llJ1'W 

30 tC)f""'lI'Ufl Co t~lJ~'WU"~~l~~tI"~'U~-:j!C)f""'lI'U~ Co ii~l!~lJ~.:j~'U til'U 50.00±22.80, 53.60±7.40 u,,~ 
31 50.60±40.47 mmhfl'u ~1.:j'il1flfl~lJ SMP-2 ~'~fUffl':iU'U1'W"~tI'U~-:j~.:jUfl"~t~tI~'Ufl-:jff~!il~fl U"~fl~lJ 

. ", " 
32 ll'~fu-U1fl-C;'Wfl~1.:jiJumhrif.\J'VI1.:jffil~ (p<0.05) U"~'Wflfl'il1fli1iJ-:j~ui1~1~~tJ"~'U~-:jtC)f""'lI'Ufl Co 'U~~ 
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11'UflrilJ~1~i\Hn.hi)ij~ (SMP-2) UCl~,f1f1~'U (DW) ~bjiifll'.i'l1~fJ'Uu'l1Cl.:Jij~Hih1mhtity'VIHff(l~
~ ~. 

(p>0.05) 9lClij~fIl'j'VI~Clij.:Ji.:J 3 'j~fJ~ fhrijfJCl~'IJij'ltGtfCl"'trtJfl Co iifl1Ufl1'1'fl1ij~1'U'lf1.:JrmJCl~ 4-31.21 

l'Ul1'Ui'lffij.:JflrilJ 1 'U'lJW~~fl1rmJCl~'IJij.:JtGtfCl"'trtJfl Co 'IJij.:JflrilJ~'~111f1111tfl1ij'IJ11 SMP-3, Wichai-3 
~ . . 

UCl~ SMP-l iifl1~'1qfl1'U1'U~ 4, 8 UCl~ 13 'IJij.:JfIl'jl,rffn911lJih~1I UCl~trlijl1~~1,rff1'j'Vi1l':hfl1rmJCl~ 

'IJij'ltGtfCl"'trtJfl Co Cl~Cl.:JUCl~ -bjiifl11lJU91fl~1'1ij~HiiirfJff1tity'VI1'1ff(l~ (p>o.05) ~lm~fJ~flij'U1,rffl'.i1'U 

1'U~ 4, 3 UCl~ 2 'IJij'lfll'j11~fl1,rffl'j911lJ"1~1I 

8.fhhumil::tYlt1~iltl1'ifl~il8~ . 
~lf1f1nffmn1'U fli' 

~ 

'IU 
~ 

'Vi1l11~flllW~ff1tituiil-tl 'UfIl'j ~lU'U flfI1111fl1ij'IJ11ijijfl'il1f1yt'trfflJ'U' 'Vi'j
u • 

~'U'l ~'li~ij'lfll'jtfl~ij'ljjijlfl'l 'l1'.i~flijllfll'j~lH'UmClfJ fiij fIl'HY,:Ufl~~flllW~'IJij.:Ji1 111 UCl~~'I ~1fJ911 
~ " . 

t'l1ri11~{J~ij.:J~~flllW~11'1 3 fl~l.:J'l1'j~flijllf1'U u~1 'U1I1'1f11'Iii '~i'lI'rt'trfflJ'U i 'Vi'jlJ1m'il'il~iim'Vi1~~b'U':h
~ . 

• ~d ., Q,I Q.I Q,I ':'J,I Q,I .aQl "61 'j) ~j)
t'VI1'U'U flff1lJl'jflfnff1'U111UCl~ff.:J!f)91Clfl1lW~t'Uij~l'U1'U111 t'tr'U ff ClflllW::tff'U WUCl~tff'U 'jij1l1.:J tll'U91'U 

, , , d ~ 'JI "'" .:.. ~ d ~ '" "'" 'l" '" ~ I ",dJ' ,ob) , 'JIU91ij{J1'1 'jfl911lJl'Viij1mfl~fl11lJlJ'U t'ilfJ'I'IJ'U ~fIl'j'U1 t'l1 'trt'Viij mflfl'l1'j~ w'tr'U\1'1q~911lJ191QlJ'j~ff'lfl'VI 
,Q,I 'jJ.c:t A ~..::::. 0' a 'j) 0',.. I ~ do 0'l:! '1111'1 UCl~fI1lJ1m ij'llJ ij'VI1'11'V1 tl1f11ff91 'j fI ij fI Cl ij 'I ~Cl 'VI 'j ':ifl''U lJ'.i ~flijllfllH1f11l1 fl1'.i'VI 'il~'VI1f1l'j 'VI fl ffij 11 

1'U'j~~m'l'l1l~Cl~1~fJfl~ij'1'l11~mhf-l'l1l~Cl::1~fJ~lJlmij'l1,r'~m'Vi1~'IJ'U1fl 149 'lJmfl'U 111ij 100 mesh 

'il~Vi11,rff1lJl'jfll-tiYuCl~'IJ'U 1fl'IJij'l1~~Ui1'1'1f1{J1'UfIl'j ~1U'U fI'trtJ~ , ~ 1 ~m~ fll1i1 'I'll ij'l fl1111 fl1 ij'IJ11 'il ~ ii iY 

~ , ~ ~ 'JI 'JI "1 'JI 'JI,,,,d d _~ <d • <'1
ll1" ij.:JijtJ'U1lJij~ t91flClij'l'ilCl'VI'.i'jff'UUlIlI 'trUff'l 'IJ'U1~lff'Uf-l1'Uf1'Utlflm'lm Cl{J'lJij'lllJ~U1J'IlJfl1 3.63 fI'I 4.27 

~ ~. • 
'lJm ij'U U~ii1l1.:Jflf'l~ '~11If1111tfl1ij'IJ11lJ11'U 'j'l1{J111'j'j 'il.1 'UUfl'l1GtfCl ~'I ili ff1lJnfl~lU 'U fI'~ 'il 1f1 

" 
~ ~ . 

~flllW~ f-l.:J1-WI'J.:Jij~1'1t~1'J1 u,,~ ~'I1I'j'.i ~1 'UUfI'l11!Clir 'U iifl1111fl1 ij'IJ1111 'j'j ~'l1'U ij~f1l1yt'trfflJ'U' 'Vi'j fl'U '1 111 ij 
" , " , . 

IllYu~l 'U 1I1.:Jfli' 'I{J1iiii 11 'j 'j ~1'UUfI 'l.JGtfm1'U1n'U fl1111fl1ij'IJ 11 'il~'I U~l'Uij'l 'il1f1f11111fl1ij'IJ 11iit~1I 'il 1f1f1 'U Cl~. .. 
~ 

Ul1Cl'l 
, 

(Cherdshewasart et al., 2007a; 2007b) l1'jijfl'UCl~q~fIlCl (Cherdshewasart and Sriwatcharaku, 2007) 
~ " 

111ijulYU~~'U1~tl1f1'UU~fI'UCl~i1 (Urasopon et aI., 2008b) ~iiq'VI1i'VI1'1mff191'j1'il'U~Hf1'U ~'Iir'UfIl'j'ih 

fl1111rt1ij'IJ11''l11-t~ij1 'l.Jl~mll'Vi1~ij~1'1~'11'UfIl'jfffl1l11~1'J1'Uff911'V1~Clij'lUCl~rt'U ~li'l111'1~'il~,j1~Clfll'j• 
'VI~ Cl ij'l~ ,~, 'I.J ~~lJvr1 'U 1nffn1'tr1f1l'j'j~~1I'U1'U 1'tr1~111ij,jl''l.J1-t'VI1'11'J1 ~'Ifl1'j 'il~ii fIl'j'VI~ ffijllt)'VIi 

'VI1.:Jmff191'jt~'UliYtIf)ij'U 

~.:Jt'lf'U1'Ufl1':ifffl1l1flf'lifl~Vi1f1l'.i'VI~Clfl.:J 1~fJ1-t11i Vaginal cytology assay ~'Itn'U11i~~lfJ 'j1m 

QfI iirt11lJ~h~'I 'li~ij'l~hff911'Vl~Clfl'l UCl~tn'U~tJl'JlJf1'UlJ1f11'Ui1~~ii''U (Malaivijitnond et al., 2006; 

d ,'JI , '" 2010; Cherdshewasart et al., 2007b; 2008; Urasopon et al., 2008b) 'il1f1~Clfll'j'VI~Clij'l'il~m'U ~flt.l1'1'tr~l'il'U 

I ,~ lfJ.' 0 191' " 0' ~ J ~, 'd 0' c:., " 11ffllmij~ tlJ'VI1 l1rtnfltJCl:::'IJij'llGtfClCl Co l'VilJff'l'IJ'Ul1'jij lJlJf-lCl'Vl1'1gm llJ'Umff191'j1'il'U'U'U1ij'l l~l'Jll1~Cl.. .. 
" • " " I II 

1'lf'U 1~{J1f1'U f111 fin 1,r,h fI~'U (OW) uri11 'U.. 'VI~Cl ij'l l1'1U 'il 1f1':iltl'l1'U fIl'j'Vl~ Clij'liiiimflij'Ul1U1U 'Vi 11 11 
. "~ 

ff~ti)ij~iiff1'.iiim)f)q'VI1i1'UfIlHh1~ijmtm~1'J (Likhitwitayawuid et aI., 1999) uCl~i'flll-ll'jrt~Cl iGtf1lJij{ 
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• • 

(lngkaninan et aI., 2003) ~'1 i~!~fJ1titlt:)'VIi'YnmH"l\P1'H'illJ UfI:!:f11'J'VI~flfl'lrlf'lift1~lJrlf'lu'Jfl~'nfJ'IllJ ~fI 
'VI1'1~fl{1lJlJ&flff l\P1'J&'ilU'tlfl'lff~!ilfl\PI 
,.I I" 'JI J1 

!jjmmtltl!-YifJtlt:)'VIn'VI1'1tflffl\P1'J&'illJ 'tIfl'lfl111&rl1fl'tll1-Yi111f11'J'VI~flfl'l11J rl1'Iii Yl'l 3 fflt1'WlJi' flfl
• 

Q.I 0' 4.c:l ~ ~Q.I Q.I 'j)' " Q.I 0' .Jd 
fflt1'VtlJ1) Wichai-3 UfI:!:SMP-3 'VI1Jf11HYfllll1'iltlfllJ1J1Ufl1fltll'1fl11'1't11N 11f1:!: fflt1'VtlJ 1) SMP-l 'VI1Jf11 'J 

~lJ'Vt'J1l1~UfI:!:U'l '~iif11nlt1'11lJ lJlt1fllJ 'Vttl11fl111!rl1fl'Ul1fflv'Wlni' SMP-3 flflflt:)'VIii~&~1~~~ UfI:!: 

UH~"l~ 1 lJ 'tIW:!:~fl111!rl1fl'tll1fflt1'WlJ i' Wichai-3 UfI:!: SMP-l m)flt:)'VIi'~1 m)'t~tI'ItilJ !~tI'IU~ 

fl111!rl1fl'Ul1fflt1'WlJi' SMP-l 'il:!:rl'lt:)'VIn~1i~lJllJ~"l~il'l 31lJ mi'l'illflf11'Jl1Q\PI 1-Hffl'J 111fllJllJ 3 1lJ 4 

n11't1 fl'l rl111J fJ11'J fltl,j 'J:!: ~ 1!~fllJ 'U fl '1l1lJU'J 'VI!'Vtff!ii tI ~ 'I fll111 fUm UtllVi tltI titl ~11 ~'11m 'il~ ty'WlJ {'il:d1lJ 

'J:!:fJ:!:!1f11lJllJ 211lJ (!rlflthl1lJ~ 1-H'Jfltl,h::~1!~fllJ,jfl~1lJ~11~'11m'il~ty'WlJ{fllJ'J!::tJ:!:nfl1lJllJ 281lJ; 

Johnson, 2010) 

Q.I! d 1Y , et d d 'Q.I ~ Q.I o'Q.I 4 4 
\PI'IlJ lJ 'il::!l1lJ \PI11fl111!rl 'Jfl'tll1'V11fltl1J1 'illflrllJ fI!::U11 fI'I fllJ l1'JflrllJ fI::: fflt1'Vt lJ 1! fllJ 1Jt:)'VIli'VI1'1 

" . 
tflff l\P1'J!'illJ~l'1tilJ ~'1UlJfifllJ-Yi 'il:::U lfl1111rl1fl'tl11',j1'*1lJflUfffllll1~tI1~'1 111flU1',j1'*'VI 1'1 til ~\lrl1'J 
d '" • 0' ,'jJ !.J "I 1 !.1 ",,'jJ
'VI'il:::1Jf11'J\PI'J1'ilfffltl~WfI1'Vt (Quality control) flfllJlJl ,j 'lfYlflrlH c)!\I'illfl~flf11'Jfffllll lJrlHlJ'il:::!l1lJ \PI 

, , " " 
111lJ f11'J ~ l11lJ flfl111!rl1 m~fl1 -H'~~Hl-YimJ lJ fllJ11!;l:::m.ilJih 'il:::iif11'J\PI'.i1'il fffltl &1:IlJ r;ll~mjlJ 9i'l11~mh\l 

1 ~ Q.I.d ~ 0', ,.,,,..J ~ 9J .r::S ~ 0'i".a.q 0 -=::to Q.I 

'11t1 'illJtl'l 'J:!: ~tI 'VI \PI fl'l 'tHrl 'J ~N'VI1'11'V1 tllffl fflPl 'J 11f1::: '!f~'VIlJrl111J 'Jrl11lJ '!fllJ lW'VI 1'1ffn 1'V1t1lfl1 'J fftl'VtlJ li 
• ~ u ~ 

. " " 
1.h:!:flfltl~1t1 u~mi1'l i 'J~\PIllJUfl1~tlfI1~111'111~!;lf11'j'VI~ !;lfl'lYi'~ 'illfl'lllJ1~tI;lJii 11::: ffllJ1'.itlU l' tJ 

tJ'J:!:~fl~1~lJ'VI1'1,jB-u~'~fltil'1fl11'1't111'111f1:::!~lJtJ'j::: lfJ'!f.u~fl~fflJ1 'ill\P1t1...T1',j . 
.. 

flVl91 fn'n.J'lh:::fllft 

'Ufl'Ufltl~W l11J 1fJ1~tI' 'Vt'J !lJ'VI fI1rl1'!fl~h1'V1t11 rlW:::1'V1 tllffl fI'\PI { ~ Wlf1'1fl'JWlJ'l111'V1t1l~tI tTlJ6 

fffllllflU'W\ijJlJ l-H 1t1 gfl\l' rl~fllJli1~NlJl'illfl'Vt 'J:::'J 1'!f~1~ ~'1111~1;fJ\Ii 11~ 11f1::'VIlJffUtlfflJ.lJ f11'J 1~tI'illfl. 

• 


9 



2 ."" SMP-llm~ SMP-3) 116J~6J"1Jmf)fI (SMP-2) 

. Wichai-3 3.63 ± 0.28** 

SMP-l 4.27 ± 0.30** 

SMP-3 3.73±0.31** 

SMP-2 6.13 ±0.60 

3 

4 ** u~fl~l~mh:lihrt.l~hfiqJ'VI1~fftl~ (p < 0.01) trlmmt.l·lH~fJutiUfl~lJ SMP-2 
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1 . 
SMP-3) Im::ft''1Jmf)~ (SMP-2)2 

~ 

o '" }11':.d 2
~TU1'lHlJ~HtlH 'Umf)1JVfUl'l'\l'Ul~ 0.16lJlJ . 

• 
Wichai-3 36.60 ±0.88 

SMP-l 38.70 ± l.01 * 

SMP-3 40.70 ± 0.63* 

SMP-2 35.20 ± l.16 

3 

4 * U\91fl~h:jf)~Hijirmhri'ty'Vll-:J'ffi1~ (p < 0.05) trtmmfl1Jtliu1Jtl1Jfl~lJ SMP-2 
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• 
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~ . 

6 fl UC1~ 11 Ufffl-3flWn11t1C1~njflhn:r1'tlfl-3~1mh-3~'lfVi'~1I1fl~-3'l11flt;tJ-3L'l1li (SMP-l) UC1~1I1fl . .~ 

7 fl1~\9l~11lfffl'U1'U fl-3 '111 UC1~tilfl1U'l11 ..,'U-hd~IUfl111tfl~fl'tll1 
~ . 

8 -3 U(;l~ ~ Ufffl-3m"''I11UC1~tilflLUi1'tlfl-3~1fldH~')fVi'~1l1fl~-3'l11flfl1JC1':il')f1il'U (SMP-2) UC1~. . ~ 

9 1l1flfl1~m1\l~fl'UL'U fl-3 i1 UC1~tiltJLui1 'V4'U11tnU~n.hiltJ\9l.. 
10 
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\ d ~ ~ d 

fll'VfYl2 U'ff~~flWm·nm~:::tfJV~'\I~~fl111tfl·H)'\I11 Wichai-3 (fl) SMP-l ('\I) SMP-3 (fl) tm:::~n.J~~:::tfJV~ 

'\I~~'ff~t~~~ SMP-2 (~) l~vumvt1flfY'j;t~~ui1~ (U) u~:::t~u1fJ (.J.-) ~\1fl'l.J~tlhJl'i~uJu"l 

• 

• 
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1 
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4 

fll''''~ 3 Uff~-:Jrtlf.Jll:::'IJ~N Cornified cell (%Co) llJl1'UU'.i\'ltl'lfftijf.J~9i~f-:J''Ii ull:::ll1ffl'.iU'lJ1'Ulltlf.J'lJtl-:J.. 
II • 

tl111tfl~6'IJ11 (Wichai-3, SMP-l tm::: SMP-3) ff~t~tl~ (SMP-2) ull:::ihml'U (DW) \'Ilnht1 'fJt1 

5 

6 

7 

1'U 'U l'U 14 1'U 

* U\9lt1~l-:Jtlril-:Jijirmhrlty\'ll-:Jffil~ (p < 0.05) trlmmmJtYif.J1Jf11J1:::f.J:::ritl'Ull1ff1'.l 
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SI '" &8 flfl'l'nn·:Ul'l 

lIfl1lJW f11fl1~'U1'Hl", 'lh::;l'ifl'M m'lJ'Yl~6TJ'HU, fl'joW'UyJ ~'U~r'Hn~'J, ri'lfl''1lJ'Hlff1ff~ (2549) J:l"'tIfl'l 
q u u q 

f1111&f1~fl'tl11~flf11'jt~~fYt~hJl~u"::;f11'ji~lI'j::;itl'lfUm'Hl'ji'Uu"l~f1~f1HfflJ f11'j1h'::;~m'l1'1 
" . 

1'1f1f11'jfli''IVl44lJ'H11'Yltl1~mf111~'Jfl'lff~{ (ff1't11U'j::;lJ'I), lJ'H11'YltJ1~mf111mfl'lff~{ 

f1~'1t'Yl~lJ'H1'Um, 535-544 

1'1f11'U~ f1~1'H1fY, moW'UyJ ~'U~ffm~'j, u'J::;l'im.J ~1'lJ'Yi~61'j'jW, ri'lfl''1lJ'H1ff1ff~, fl''1t!fltJ ~lJf11 (2546) 

11 'J::; ff'YlT5.fl1'Vi'tl fl'lf1111&f1~fl'tl11~ flf11'j t ~~fY!~'lJ i ~U,,::;'j::;'lJ 'lJ iY'lJ~'U tf't 'U11"1U" f11'jU'j::; 'l!lJ1'1f1f11'j 
" . 

f1i''1n 41 lJ'H11'YltJ1~mf111mfl'lff~{ ff1't1111,)::;lJ'I, lJ'H11'YltJ1~mf111~'jfl'lff~{ f1l'lt'VI~lJ'H1'Um, 

111-118 

fflJ i.fl'lfU l'i'lJt~~flI, 11W i'U1~'Uff'U, m'1t1'1fff1~ ffm~i'm.J, 'H'U~'U'VI{ mm (2546) 'j::;~'lJ~mm::;fflJ'tI~N
u ~ ... 

f11'j 't~f1111tfl~fl'tl11i 'Uff~'j m'H1'jm::;~l{1'j::;tI::;~'U-'tI'U, f11'JU'j::;'lflJl'1f1f11'jfli''1Vl 41 
~ q q q 

Clt. Q.I tI ~ ~ Q.I ,J ~ tIQ.o' 

lJ'H1TYltl1"mf111~')fl'lffm ff1't11ff~1U"::;ff1't11ff~1U'Vi'VWfl'lff~'), lJ'H11'VW1"mf111~'jfl'lff~'J, 

f1~ '1t'YI~lJ'H1'Um, 284-290 

fflJ i.fl'lfU l'i'lJt ~1fl1 (2551) f11'J i ~f1111tfl~fl'tll1'lh(l 't'Uf11'jTl~!ilflf1ffmffl1'Y1~U'VI'U 11'j ffl'jUfl'iY~1" .. 
mllmfl'lff~'j," 35 (138) 18-24 

fflJ i.fl'lftJ l'i'lJt~1fl1, m'1t1'1fff1~ ffm~i'm.J, ~)';jl'itl '~'j1~1'U'U11, ff'l11~ ff'l1'Ui'U{ fl'J1h::;i'Ut1 ri'ltff~lJ,u q q q; 

fl'j'jt;l1~ ~meJ1JfY, lJWCf11'Yi~6 ~'U'i!"1~, lI'j::;'UfllJ !~'lflffifffJ'" lhl'Y1 ~'U'YIfl'l, 1~ieJ '4~fJ", ~1 . .. 
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Cherdshewasart, W., Sriwatcharakul, S., Malaivijitnond, S. (2008). Variance of estrogenic activity of the 

phytoestrogen-rich plant. Maturitas, 61 (4) 350-357 

• 
Cherdshewasart, W., Subtang, S., Dahlan, W. (2007b). Major isoflavonoid contents of the phytoestrogen 

rich- herb Pueraria mirifLCa in comparison with Pueraria lobata. J Pharm Biomed_Anal, 43 (2) 

428-434 

15 



5 

10 

15 

20 

25 

30 

Cherdshewasart, W., Sutjit, W., Pulcharoen, K., Chulasiri, M. (2009). The mutagenic and 

2 antimutageniceffects of the trad itional phytoestrogen-rich herbs, Pueraria mirifica and Pueraria 

3 lobata. Braz J Med Bioi Res, 42 (9) 816-823 

4 Chindewa, R., Lapanantasin, S., Sanvarinda, Y., Chongtharnmakun, S. (2008). Pueraria mirijica, 

phytoestrogen-induced change in synaptophys in expression via estrogen receptor in rat 

6 hippocampal neuron. J Med Assoc Thai, 91 (2) 208-14 

7 Ingkaninan, K., Temkitthawon, P., Chuenchom, K., Yuyaem, T., Thongnoi, W. (2003). Screening for 

8 aCetylcholinesterase inhibitory activity in plants used in Thai traditional rejuvenating and 

9 neurotonic remedies. J Ethnopharmacol, 89 (2-3) 261-264 

Jaroenpom, S., Malaivijitnond, S., Wattanasirmkit, K., Trisomboon, H., Watanabe, G., Taya, K., 

11 Cherdshewasart, W. (2006). Effects ofPueraria mirifica, an herb containing phytoestrogens, on 

12 reproductive organs and fertility of adult male mice. Endocrine, 30 (1) 93-101 

13 Jonmon, MH. (2010) Essential reproduction. 6
1h 

edition. Blackwell Publishing, Oxford, UK, 95 

14 Likhitwitayawuid, K., Dej -adisai, S., Jongbunprasert, V., Krungkrai, J. (1999). Antimalarials from 

Stephania venosa, Prismatomeris sessiliflora, Diospyros montana and Murraya siamensis. Planta 

16 Med, 65 (8) 754-756 

17 Malaivijitnond, S., Chansri, K., Kijk:uokul, P., Urasopon, N., Cherdshewasart, W. (2006). Using vaginal '. 
18 cytology to assess the estrogenic activity of phytoestrogen-rich herbs. J Ethnopharmacol, 107 (3) 

19 354-360 

Malaivijitnond, S., Kiatthaipipat, P., Cherdshewasart, W., Watanabe, G., Taya K. (2004). Different effects 

21 ofPueraria mirifica, an herb containing phytoestrogens, on LH and FSH secretion in 

22 gonadectomized female and rna Ie rats. J Pharmacol Sci, 96 (4) 428- 435 

23 Malaivijitnond, S., Tungmunnithum, D., Gittarasanee, S., Kawin K., Limjunyawong, N. (2010). Puerarin 

24 exhibits weak estrogenic activity in female rats. Filoterapia, 81 569-576 

Muangman, V., Cherdshewasart, W. (2001). Clinicaltrial of the phytoestrogenrich herb, Pueraria mirifica 

26 as a crude drug in the treatment of symptoms in menopausal women. Siriraj Hosp Gaz, 53 300-309 

27 Trisomboon, H., Malaivijitnond, S., Watanabe, G., Taya, K. (2004). Estrogenic effects ofPueraria 

28 mirifica on the menstrual cycle and hormones- related ovarian functions in cyclic female • 
29 cynomolgus monkeys. J Pharmacol Sci, 94 (I) 51-59 

Trisomboon, H., Malaivijitnond, S., Watanabe, G., Taya, K. (2005). Ovulation block by Pueraria 

31 mirifica: a study of its endocrinological effect in female monkeys. Endocrine, 26 (1) 33-39 

16 



1 Trisomboon, H., Malaivijitnond, S., Watanabe, G., Cherdshewasart, W., Taya, K. (2006). The estrogenic 

2 
 effect ofPueraria mirifica on gonadotrophin levels in aged monkeys. Endocrine, 29 129-134 


3 
 Urasopon, N., Hamada, Y., Asaoka, K., Cherdshewasart, W., Malaivijitnond S. (2007). Pueraria mirijica, 
• 

4 
 a phytoestrogen-rich herb, prevents bone loss in orchidectomized rats. Maturitas, 56 (3) 322- 331 


5 
 Urasopon, N., Hamada, Y., Asaoka, K., Poungmali, U., Malaivijitnond, S. (2oo8a). Isoflavone contents in\ 

6 
 rodent diets and its estrogenic effect on vaginal cornification in Pueraria mirifica-treated rats. 


7 Science Asia, 34 (4) 371-376 


8 Urasopon, N., Hamada, Y., Cherdshewasart, W., Malaivijitnond, S. (2008b). Preventive effects of 


9 Pueraria mirifica on bone loss in ovariectomized rats. Maturitas, 59 (2) 137-148 


10 


• 

• 

• 

17 



• 

, 

, 


----_.---_._.---- --- -_ ._--_._ - -------- ------- ._-_._--_ .. _. .. _. _.­

7", 

PL-OS 
Phytoestrogen from a Thai herb promise major advances to~vomep health 

Suchinda Malaivijitnond . 

Primate Research Unit, Department of Biology, Faculty ofScience, Chulalongkom University, 


Bangkok, Thailand E-mail: Suchlnda.M@chula.ac.th 


Osteoporosis, breast cancer and reproductiVe Junction ' abnormalities are the 
major health problems and the big conceniS 'for~omeD in the world. The main factors 
causUlg those symptoms are the disorder· .Of "~i~ ' deficiency !If sex steroid honnone, 
estrogens. Th~fore, many synthetic estrO~~' (analogu~ agoniSt or antagonist of 
estrogens) are being sought tv cure the liymptoIris,J:3y·~~g those synthetic estrogens, 
however, it is nat only because it has a high cost but because it also has undesirable side 
effects, it therefore does pot appropn'ate to use by Thai women. Pueraria mirifica (PM) 
is an endemic Thai herb which commonly found throughout Thailand, especially in the 
North. It contained at least I 7 phyt~trogeos. mainly·isofIavones. The fIrst identifIed 
phytoestrogen was miroestrol in the year 1960. Phytoestrogens found in PM are 
structurally and functionally similar to 17J3-estradiol. but it binds mainly to the estrogen .' ........ ··:'iltj:<.1" 
receptor beta (ERJ3); .PM's roots have been used, in Thai traditional medicine to :· ;... ·~ ·' · 
rejuvenate and remedy the postmenopausal symptoms for more than 60 ye~; ordinarY 

, ', , ";. '. .'.. : 
dose ofPM consumed in native.Thai people is 200 mglday (or 4 mglkg). Thus. the PM . ~. " ~:.r 

should be considered for 8I1 alternative choice of estrogen replacement therapy in 
women.. We here asSessed estrogenic activities of PM On stimulating reprodUctive 
organS. preventing and curing osteoporosis and suppressing l?reast cancers in mice; rats, 
monkeYs md humaI;l.S. PM in~uced increase ofutenis weights,and Vaginal comitiC4tioil,
SUPPreSsed seruiD.LH and FSH levels and decreased body weight gain in ovariectori1ized 
IIiice~d m.ts. In. adult female monkeys, PM increased the length ofmenstrua) cycles.Or 
induced .~tjoil\Qf m~tion via supp~ion of folliculogencsis and ovulati~ 
Chai:igeS oiLH. ~'~ and P 4 levels were 'Congruent with changes in m~·cyQle 
lenStbs. In age(lt:¢IwUC. ~()IikeYB. serum F8a LiJ;',aoo·nz levels were dose-depend~(y 
~·.after P~~~entB:Jl~ s49.We(i a. ~~~ increase after the cessati91i.. In 
perimenopausaI wo~en; tl;ie PM·in~e' cQu19 'alleViate: ~e c~cteric symptotns. such 
as hot flus~es. " ~~~~ sI~epdi~9J;d.er:· :-~~,, ~~~~, high · bJ9<>d. chol~terolJ 
oligomenorrhea ~4 a.n:.enotrhea.. PMdos~d~~y.~ed the tUmoriogensi& and 
tumor gro~ hi · ~-indQ.ced rats. F~ of PM in female rats significantly 
prevented bone loss.·induct<! by ovari~ctomy and could slow the progress of the occurred 
osteoporosis. Basec:i'on these results, the use of PM should promise major advances to 
women's healtli 1~~.~ be used as a contraceptive drug in premenopausal women and as 
an estrogen replacement therapy for osteoporosis and alleviation' of climacteric 
symptoms in postme,nopausal women, with a great benefIt on no undesirable side effect 
on breast cancer stimulation. 

Ab6ttad of lhc If" J)jolop 6dcaCC:6 Graduale Conueu 
10" -I~" DccaIbcr. 2009. ChulalOll&koru Unlver6ily. DIIn.y;ol Thaibnd 

. . . ­
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EFFECT OF DIETARY PHYTOESTRQGENS ON RODENT , 
, ,

MONKEY AND HUMAN PHYSIOLOGY 

Suchinda Malaivijitnondl 
·, Nontakom Urasopon1

, Somrudee Harnmanopl 
Ubon Chimsakul l

, Sukanya Jaroenporn l , Wichai Cherdshewasarr. ' 
Gen Watanabtl, Kazuyoshi TaycJ 

·Primate Research Unit, Chulalongkom University, Bangkok, TheJJ.and ' 
2Faculty of Agriculture, Ubon Rajathanee University, 'J'haU8.ii¢,~,, ; •..... 

3Tokyo University ofAgriculture and Technology, Tokyo, Japaii:,;" ' '~i 
~ 

E-mail: sucbi~da_m@cbula.ac.th " ' 

Osteoporosis, breast cancer and reproductive function abIlor:ma~ti~;~e 
major health problems and the big concerns for womell ill 
factors causing those symptoms are the disorder or the defj'( :tetlCY' ()f~seiirst~i1Did 
honnone, estrogens. By using the synthetic estrogens, hmlV~'~_ 
because it has a high cost but because it also has undesirable sldle ' etIe(*,; 
Pueraria mirifica (PM) is, an endemic Thai herb which commoDly ' 
throughout Thailand. It contained at least 17 phytoestrogens. t'l1~ftol~':trogdiS 
found in PM are structurally and functionally similar to 17~-estradioL 
binds maiIlly to the estrogen receptor-~. PM's roots have been used . , 
traditional medicine to rejuvenate and remedy the postmenopausal ' 
for more than 60 year. Thus, we here assessed estrogenic agtivities 
stimulating reproductive organs, preventing and curing 
suppressing breast cancers in mice, rats, monkeys and humans. 
increase of uterus weights and vaginal cornification, increased the 
reproductive cycles via suppression of folliculogenesis and UYI.uiU.lU~U 
rats and monkeys. In perimenopausal women; the PM intake could 
climacteric symptoms, such as hot flushes, frustration, sleep 
~ess~ high blood cholesterol, oligomenorrhea and \ 
dependently reduced the t\unoriogensis' and tumor growth in H,L".LU.,., 

Feedings of PM in female rats significantly prevented bone 
gonadectomy. Additionally, high dose of PM treatment also ' 
therapeutic effect on bone loss in female rats. Based on these .L"",'~.....,.. tm.«~:~!C 
PM should promise major advances to women's health. It 

", 	 contraceptive drug in premenopausal women and as an .."h·ncr."" i"~~Ul<:,.eJlfiel[lt 
therapy for osteoporosis and alleviation ofclimacteric symptoms ' '. 
women, with a great benefit on no undesirable side effect on \:lreamcancer 
stiniulation. ' 	 , ' ' 

Key Words: Pueraria mirijica, phytoestrogens, osteoporosis, breast-cancer, 
monkeys 
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Preventive and therapeutic effects of Pueraria mirlflca herb-containing 
phytoestrogens on bone loss , 

S. Malaivijitnond\ N. Urasopon2
, S. Hammanop\ U. Chimsakul\ W. Tiyasatkulkovit1 

and S. Jaroenporn1 

,1Primate Research Unit, Faculty of Scien~, Chulalongkom University, Bangkok, 
2pepartment of Animal'Science, Faculty of Agriculture, UbonRajathanee University, 

, , Thailand. 
" 

, suchinda.m@chula.ac.th 

Osteoporosis is a major publit health problem in aging population. Though 
is effective in reducing bone ,ross, it associates with a ,high risk of hrQ~~t" 

endometrium cancers. The alternative drugs ~or bone loss therapy 
undesirable side'effects peed to be sought. The p'resent study detennined p , 
and therapeutic effects of Puetaria mirifica Thai herb, which contains a high a ' . 

/ 	 of phytoestrogens, on bone loss in fully mature female and male rats. Forthij 
preventive effect study, 6 rponths old female and male rats were gonadectorpized 
and subsequently fed with suspensions of P. ,-nirifica at the concentration of,,,} .,,O, 
100 or 1000 mg/kg BW/day (PM-O, PM-10, PM-1.90 and PM-1000, res~:hor 
O~1, mglkg BW/day of 17a-ethinylestra~iol (EE) ~or 3 months. For the tn:~~~:w.c 
effect study, rats were gonadectom,ized and kept for 3 months, for bpoe,,10$8 

, induction, and then were fed with the suspensiqns as described above for 3 mcinth$. 
Changes of bone mineral denSity, bone ,min~r81 content, bo~e hlstomorphofiietry, 
serum bornf markers, and ,sex organ 'weights were determined. Bone loss was 
Significantly induced by gonadectomy and it was dose-dependently prevented by P. 
mirifica treatment for 3 months In female as well as in male rats. At PM-100 and,PM.. 
10PO, bone loss was completely prevented, as expected, comparable to those in the 
EE group. Surprisingly, PM-1000 also exhibited the therapeutic effect on bone loss.in 
both sexes of rats a~ in the EE group: Though weights of seminal vesicle and ventr~.t ",: 
prostrate gland in orchldectomizedrats were not altered,by P. mirifica, the ut§.~~.,:, } 
weights ' were ddse-dependently increased in ovariectomized rats. The reslilii, ':, 

, suggest that P. miriflca may be applicable for prevention and. therapeutiCs qn 
osteoporosis in 'andropausal men and menopausal women; however, s'n undesirable

• side effect'on stimulating female reproductive organs should be concerned. , 

, 
~.3." ',j~'L.U'iJUft-nu~\JtllhnL1J~h 

_Malaivijitnond S, Urasopon N, Hammanop S, Chimsakul U, TryBsatkulkovit w, Ja~npom S. 2010. 
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The therapeutic effects of White Kwao Krua Pueraria mirifica Airy Shaw & 
Suvatabandhu on ovariectomy ­ induced osteoporotic rats 

S. Hanmanop1 and S. Malaivijitnond2 

1Physiology 'M.Sc. Program, Graduat~d Scho~', 2Primat~ Research ·Unit, Department 
of Biology, Faculty of Science, Chulalongkorn Universltyr Bangkok 10330, Thailand. . . 
~anmanop.@hotmaH.com . 

Pueraria mirifica Airy Shaw & Suvatabundhu (PM) is a Thai indigenous herb.';A~;; 

tuberous roots contain several isoflavonoid compounds Which could prevent J1~p'e''' ' 
loss in gonadectomized rats. In the present study, the therapeutic effects of P~'<bn 
bone loss in osteoporotic rats have been investigated .. Six months old female' ;~r~"t~h 
were ovariectomized (OVX) or sham operated (SH) on day a and were kept forgO ·· 
days to induce bone loss. On day 90, five rats in each group (OVX90 and SHgo 
groups) were randomly selected, euthanized and left tibia were collected for 
histomorphometry study and kept as a base-line value. The remaining SH r,~.ts 

(SH180) were gavaged daily wittJ distilled water for 90. days. The OVX were randomly 
diVided into five groups, PMO, PM10, PM100, PM1000 and EE groups which w~.r~ 
gavaged daily with 0, 10, 100 and 1,000 Illg/ kg BWI oay of. PM and 0.1 mgtkg F!lJfl' 
day of 17-0 ethinylestradiol, respectively, for 90 day's, and were sacrificed on day 
180. The left tibi~ was remO'l~ed for bone histomorphometry study. Ninety days after · 
ovariectomy the trabecular bohe area in OYX.rJo group wa~ lower than the SHoo group 
by 6.5.42%, indicating that bone loss was sucgessfully induGed by ovariectomy. After 
90 days of PM or EE treatment, the trabecular bone area in PM1000 and EE groups 
was significantly higher than the PMO. group' by 65~80% and 79.46% (p<0.05) • and 
rather higher than that of OVX90 group by 1..64% ·and 10.91%. However, the 
Increase in trabecular bone area in PM1000 and EE groups was still lower that of the 
SH160 group by -54.77% and -51.04%. These 'results indicate that PM consumption 
could significantly prevent bone loss and tend to reverse the established bone loss in 
osteoporotic rats. 

'\ 

• 

~A. U1Li'fU'il~1N1UU1.J1.JttJi'fL~'!lf 
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of the Asia and Oceania Society for Comparative Endocrlnoiogy (AOSCE). Palmerston North. New 

Zealand. January 19-22. 2010. pp. 86. 
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Reproductive Endocrine Research on 
Pueraria Mirifica Herb and its Estrogenic 
Efficacy 

-Reproductive function abnormalities are ~_ major hea1Ul problems 

and the big ~oncems for wo~en in the world. The mam faCtors causing _- -_ 

those symptoms are the clisorder or the deficiency of sex steroid bormOlnei'­

estrogens. Therefore, many synthetic estrOQ"ens (analogue, agonjst . 

tagonist of estrogens) are Deing sought to cure the symptoms. 

those synthetic estrogens, however, it is not ~nly becau.se it bas a 

but because it _also has undesirable side effects, it therefore does 

priate to use by Thai women. Thus Puera:da miritica herb, knbwnin 

white Kwao Krua, containing at least 17 phytoesttogens (Cher~ewasaIt at 

aL, 2007a; Urasop~n at el., 2OOBa) should be coDBidered as an :altemative 

choice of estrogen replacement tlJ.erapy in women. Phytoestr~ found in 

P. miritica are structurally' and functionally similar to 17~ but it 

binds ma:inly to the estrog~ receptor beta (ERO ~ at 81; -1997; 1998). ­

P. miIifica's roots have l1een used in ThBi traditional medicine to rejuvenate 

and remedy the-postIneiw"pausal symptoms for more tHan_60 y~; ordinaIy 

dose of P. miIilica Consumed in native Thai people is 200 mg/day (or 4 mgl 

kg) (MU:BIlgman and Cherdshewasart, 2001). We here ~ estrogenic 

activlt:ies of P: miIiJica on reproductive organs and fertility in both sexes of 

mice and rats and in fei:nale monkeys. 

. ­
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The isoflavone contents in P. 'miIifica tuberous roots vary widely be­

tween locations (Cherdshewasart et aI., 2007b). between seasons 

~Cherdshewasqrt and SIiwatcharakul, 2007), and even between roots of the 
. . 

same plant (Urasoponet al., 2008a)_ The estrogenic. activity of wild P. mirifica's 


tuberous roots collected from 28 out of 76 provinces of Thailand Wa$ tested 


by MCF-7 proliferation assay (Cherdshewasart et al., 2008), vaginal cornifica­


.tion assay (Cherdahewasart et al.• 2007b) and uterotropic assay (MalaMjitnond 


at al., 2006). The tuberous root of P. mirifica collected from Chiang Mai 


. province which had an optimal tUber size and growth rate and showlng a 


high estrogenic activity was chosen for the Study. and hereafter named ' 

P. mirifica cultivar Wichai-ill. A vouc,her specimen of P. rnir.ifica (No. BCU 

11405) is deposited at the herbarium of the Department of Botany. Faculty of 

Science. Chulalongkom University (Cherdshewl;lS8rt et al .. 2007b). 

An. oral administration of 1.000 mg/kg BW/day of P. rtJirifica 

sion decreased the serum luteinizing hormone (LH) 

. orchidectomized and ovariectomized rats and decreased the 

stimulating hormone (FSH) levels only in ovariectomized rats 
\ 

et al.• 2004). The reductions of serum LH and FSH levels in female 

greater than those of male rats. P. miIitica induced increase in uterus weights 

and vaginal proliferation. and decr:eased body weight gain in Qvariectomized 

rats. In adult female monkeys. p, miIitica increased the length of menstrual 

cy~es or mduced cessationclmenstruation via suppression of follicuiogen~ 

and' ovulation (Trisomboo~ et .al., 2004; ~OO5; 20076). Changes of LH, FSH, 

estradiol (E2) and progesterone (P4) levels were congruent with changes in 

menstrual cycle lengtlis· (TIisomboon et aL, 2004; 2005; 2oo7a). In .aged 

female monkeys. serum F8H. LH and E2 levels were dose-dependently de­

creased after P. militica treatment and showed a rebounded increase after 

the cessation (Trisomboon et al.. 2006a; 2007b). Moreover, P. miIitica could . . . . .. . 

.' exhibit the estrogeIlic effect on seX skin of aged female monkeys (Trisomboon ,. ' . 6. . 



I 

i.:: .nStti 28 US:O'-KJ 2553 

",'0;;. 

et al. , 2006b) •. An oral administration of 100 mg/kg BW/day Qf P. mititica for 

• B weeks decreased the mating efficiency in female mice (Jaroenpom E't al, 

': 2007), though it did not affect fertility in lllBle mice (Jaroenpom at al., 2006). 

!J3ased on these results, the use of P. rniIifica $ould promise major advances 

to incur a reproductive function in women. It might be used as a contracep­

tive drug in premenopausal women and as an estrogen replacement therapy, 

viz. for alleviation of climacteric symptoms, in postmenopausal women. Re­

garding to the recent results showing that P. micifica dose-depandently re­

duced the tumOIiogenesis and tumor growth in NMU or DMBA-mducecl xats . 	. ~. 

(Chedshewasart at al, 20070; WannapIBSeIt at al, 20C1l), use ofP. miIifioa to 

incur a Ieplodp~ve funC1;ion in women should have a great benefit on no 
~ . 

" undesirable side effect on breast cancer stimulation. As we also disooverod 

that P. mirilica cpuld prevent bone loss induced by gonad8ctomy in female 

and m81e rats (Urasopon et at, 2Wl; 2008b) and could 'slow the 


. the occmred osteoporosis (MaIaivijitnonc! et al, 2010). P. miIifIca 


be one of the altamative chq1ces for osteoporosis treatment in 
. 
Key wonfr. Puert1rfa m'rlfICa, phytoestrogel18. rel'r04tiuc:tkl~?! 

rats, moukeys 
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