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njEl~'V\l ~ljElElnqYlllYll~"151Jll~~ln LLV\ ~~lljj3J"151 ~ (l"J"1HL~::~ ~UYljtl) Yl3J qYlll~ El ~lUnlj
q 

LU~tlU~1l1l"J"lJa~aa~~laf)~1~~ 1~ tl1iL6Jl~tfl~,r RAW264.7 ~~Ltlt-bL6Jl~~U~lt13Ja1uitl..1 

Ll~::Ll3JIf)jvh~LilUL6Jl~~LLlJlJ~l~ El~1u~luiitilt Ti ElU~Uf)m::mif/l~'V\11l11::~ L'V\3Jl::~3J1 U 
'0 

nljlU~tlU~111~LtlUEla~~lElf)~1~~1~tl1i recombinant Beceptor ~ct;vator riuclear Factor 

!Sappa B-.bigand (rRANK-L) ~~~l3JnljLtI~tlU~Jll~"lJa~Elaff~laf)~l~~l~tlnlj~jl~l~ 

LLElf)~i~"lJEl~ tartrate-resistance acid phosphatase (TRAP) lhU~L6J1~~'~,r RAW264.7 

~1t1 rRANK-L ~fl113JL,r3J,rU 50 LL~::100 ng/mL LL~:;U3JL6J1~~U1U 71U 1Uj:;V\';h~,rULU~tlU 
.J' 15".d &:I I..... V &:>0 .... &:I I 

ElTVnjL~tI~L6J1~~Yl3J rRANK-L ~~3JatJYl6J 2 lU ~~~lnnljtla3Jv\lLLElfl~l~"lJEl~ TRAP ~lJl1, '0 'I 

f)113JL,r3J,rU"lJEl~ RANK-L ~ 100 ng/mL LV\iitlT\'bnljltl~tJU~1l1~"lJa~aEl~~lafl~1~~'~ 
lLj~~ ~~ i~,fU ~~1ij:;lJlJ~~njEl~.n1Unlj~~njEl~ ~lja Elnr}YltYll~~11l1~~ln~"15LL~::~lj

'I 

L3JLLYlU ElL~~~ln1\l~UYl1rJ~ ijq'Ylt~lUnljLU~ tlU~1l1~ LtlUEl El ~~lElfl ~1 ~~ ~~1\llnnlj~~
q 

nja~~lrh~ljUj::nEllJ~l3JuEltl~~ln~"15 Xylocarpus moluccensis (7-oxo-7

deacetoxygedunin; KP-1) ijLLaf)~1~~LLj~1unljn~nljLU~tlU~1l1~~ 9 I-lM LrlEll~Thfl113J 

LilU~M~ElL6Jl~~~lJl1Sjfl113JLtlU~~~11~tlijTh IC50 ~ 26.29 I-lM £ju~ijlJYllJ1Yl~1~ty~a 
nj::1J1UnljLU~tlU~Jll~L1JUEla~~lElf)~1~~ ~a NFAT-c1, irfB LL~:: cathepsin K nljlhu~ 

~1t1 KP-1 Yh1~j::iunljLL~~~Elan"lJa~ mRNA "lJEl~ NFAT-c1 LL~:: cathepsin K ~~~l~~LL~ 
Lajij~~~Elj:;i1J"lJa~ irfB ~~~L~.nU~lJElnl1 KP-1 ElElnqYlt~lUnljLtI~tlU~1l1~"lJEl~ 
a El ~~lElfl~l ~~1~ tlnlj,r~"1Jl1~nljLL~~~ El Eln"lJ a~~U~L1JuLfl~a~'V\3Jl tI LL~::fll1Jfl3JnljLU~ tlU 

'I 

~1l1l"J"lJ El~El a~~lElfl~l ~~ ~~ ~~1~nljLL~~~ a EIn"lJ a~£ju~ LiJULfl~El.JV\3Jl tI"lJ El~ El El ~~lafl~l ~~ 
~~~1~~ i~,ru~lj1unr.i3J~13Juatl~~ln~"15 KP-1 \b~::Sj~ntJIl1~1unlj~1\l:;~~ulLtlUtJl

'I 
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Abstracts 

Osteoporosis is the disease of bone mass lost which increasingly become one 

of the public health problems in aging society. Osteoclasts differentiate from 

monocyte/macrophage lineage cells and function mainly in breaking down bones in the 

process called bone resorption. Excessive bone resorption by osteoclasts leads to loss 

in bone mass which result in osteoporosis. In this study, we aimed at identifying 

bioactive compounds from natural sources (plants and microbes) which have 

antagonistic activity against differentiation of osteoclasts. Monocyte/macrophage cell 

line, RAW264.7, was used as a model in this study. First, differentiation of osteoclasts 

were optimized using recombinant Receptor ~ctivator fiuclear Factor fSappa B-1Jgand 

(rRANK-L). Differentiation of osteoclasts were followed by monitoring the activity of 

tartrate-resistance acid phosphatase (TRAP). RAW264.7 cells were treated with rRANK

L at 50, 100 ng/mL and incubated for 7 days while fresh media containing rRANK-L 
• 

were added every other days. TRAP staining revealed that RAN K-L at concentration of 

100 ng/mL induced more robust osteoclast differentiation. Using this screeing system, 

plants derived compounds and microbial metabolites were screened for anti

osteoclastogenic activity. One limonoid compound (7-oxo-7-deacetoxygedunin; KP-1) 

from Xylocarpus moluccensis showed strong anti-osteolastogenic activity at 

concentration of 9 ~M. The cytotoxicity of KP-1 was low with an IC50 of 26.29 ~M. 

Treatment with KP-1 decreased mRNA level of NFA T-c1 and cathepsin K but did not 

affect that of irf8. These results suggest that KP-1 exhibits anti-osteoclastogenic activity 

by interfering with expression of osteoclast markers regulators, resulting in significant 

decrease in mRNA expression. Taken together, this plant limonoid KP-1 has a potential 

to be developed as novel therapeutic drug for treating the condition of osteoporosis. 
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11~~1I\rl~rr~EhH~~ruEl cilUU';ij';ijUU n 3J1n 111 tJ L~U 11~1I::L1~ ~1Ell1~&l~L~Ellh::Lll'Yl, ,~ ~ 

~1~ ~ ~~tfUL~El~';ij::y'h1iL11~111l1tl~~11~~l<31Elcii,~~rt~1uu';)itJ~~lr1ruflEl tJl1nMll1~ tJl 
~ ~ 

~nl-nElti1UU,;),;)UUEll,;)lajl~~~~1Ell~~~,xEl tJ 'ih1i~El~nn11~~U1 tJl~l-n1nMl1lXn 
~ 'I 

~lll1~l lIl1tlL~lI:ffU<3I~El~L1~1 ~~tfunl1~u'WU~11El Elnrj'Yli"1fU~l~aj ~~~n~1111~lLilu~~ 
~ 

lIlnL~ El~,;)::1inl11nMlnth::~'YlTIlll'W~Eli,u 1~ tJ LU'W1::11~~Ln~nu~~~ Ell tJ LrtEl~,;)lnlu 
~~ 'I 

U,;),;)'JU11~Ulnl1'Yl1~LL'W'Yl rr~~:ffu~~~~llXElltJLU~tJ"lIEl~lh::"1fln1~~:ffU<3I111i,U~1 tJ th1~11~ 
'I ~ 'I 'U 

~Ln~;]UnU~~~ElltJn~1111~1r1ru<3ll111tJ~1£.J L~U 11~1Kl1';) 11~~1111~ul~~<3Ia'~ 11~n1::~n 
~~ 'I ~ 'U 'I 

'W1U 11~5~i,6JfLlIEl1 11~1I::L1~ Lilu~u rT~n~"1f~nLL~::~lIUl 'W1"l1El~L 'Yl £.J5nLiJu~lU1UlIln~ rT~ 
'I 'I 

LajL~Yhnl1~nMl~~~11ElElnf\'Yli'Yll~~11ll'W~~dJu~Ul~ul,;)LiluElrJl~ri~~';)::Ul:JJ1'ihnl1 
l~£.JL~El~1~11ElElnf\'Ylif l~tJLu'W1::Elcil~ri~~11El Elnrj'Ylilun111nMl11~~~'~El1 tJ elULlJU 

~~ 'I 

unl~l~n~ll 11 ~lr1ruL~lI:ffU1UU,;),;)UU 
~ ~ " .. 

A .... ~ ~ 'iLl 

"1"'l~ tI't1Ln tI'l'2Hhl 

t"j~n"j~~n'Vt"j"LLa~tH)amttl~a1aGf
tI , 

ElEl~~1El~~1~~fLilUL6Jf~~"lIU1~1~rY~il~~l £.JU1L~~ tJ~ (multinucleated giant cell) ~ 
~~Ulnl1111';ij1nL6Jf~~~ltJlI EllU~tJyf/LL:JJ1~1w1,;) L6Jf~~lh::Lll'Yld~k~n1~LL~::LElUL6JfaJci El £.J~~1 tJ 
L~ El~~l £.Jn1::~nTRAP dJULElU16JfaJ~UtJlIl-nLiJUL~~El~~:JJltJ1 un11'W ~';),rLEln~nMrn"llEl~ElEl~~1El

• 
 'U 'U 


~~l~~ i,6Jfl<31i,~,r~El~"1fit~ L~LLri RANK-L LL~:: M-CSF nlJ'YllJl'Yl~lflqJ1 un11L ~iitJluln11 

LU~ tJu~1l1'W"lIEl~ElEl~~lEl~~1~~ ,;)lnL6Jf~~1"lJn1::~n1un~lI3TtJ5~El£.J~ ElEl~~lEllJ~l~~~1I11tl 
~ " 

~lU~ lIn11Lu~ tJU~1l1'W"lIEl~ El El ~~lEl~~l ~<3Il~l~ £.J~k~16Jf1<31i,~,r~El~U1::Lll'Yld' nl11aj ~:JJ~~ 
" " 

n1::~n'W1U 
~ " 

~1ElElnf\'Yli'Yll~~111l~,;)ln1l11:JJ"1f1~~~:JJ11nn~nl1Lu~£.JU~1l1~"lIEl~ElEl~~1El~~l~~ 
n~n£.Jll1~~~lunl1~~ulLtJutJl~lunl1~~1£.Jn1::~nL~Eln111hu~lll1::n11~ruL~tJ:JJ1~n1::~n 

~ . ~ ~~ ~ 

L~ 5nrt~rT~Ell,;)~1I11nl-nLtJUEll~11L~1:JJL~Eli1El~nUnl1Ln~Elln111~ ~~lU1l11~iin1111tJ~lU 
Lrl tJlnlJ ~11n1::nEllJ,;)ln1l1111"1fl ~ tt~,;)ln~"1fLL~::,;)~U'Yl1rr~ ~l :JJ11n~11J~ lInl1LtJ~ tJU~1l1'W"lJEl~ 

" 'I 

ElEl~~lEl~~l~<3Il~ 

Woo LL~::f1rn:: (2004) 11tJ~lUil quercetin ~~dJU~111un~:JJvJ~ll1UEltl~~'WU:JJlnlu 
" 

~~i.3TLL~::~n 1~£.JLU'Wl::1u~11~n~';ijln1Kl~El:JJ ~1:JJ11tlrTurT~nl1L~:JJ;]U"llEl~LLEl~&ll~"lIEl~ TRAP 

i.~ lUL6Jf~~~1ElEl~ ~lEl~~l~~ ~L~iitll,t,11~FJ RANK-L [1] ~nrt~ lutl 2006 n~lIi~t1L~hl1nu 
'I 

rT~1lt1~lUn~ reveromycin A ~~Lilu~11:JJ1~1:JJL~n~"lIU1~L~n~ii~aj~11UElnsn~n 3 ~:Jj lu 
" 'U ~ -- d \1 -- CIJ "'" ~ 6' d.J'.d 0 1-- ~l1~1~~1l~6Jf~LLtln L~';ij1n~11~n~';ij~U'Yl1t1 Streptomyces 6Jf~~1U~111l1tlL~UtllU1 ~ElEl~<3I El 

'I 

f1~1~~<3I1£.JLLUU apoptosis i,~LLUU~lL 'Wl:: 1~t1~11d'n~nl1'Yh~lU"llEl~ isoleucyl-tRNA 

synthetase lUElEl~~lEl~~l~~LLUU~lL'Wl:: [2] 
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lu,tJ 2010 Tang LLfl:fl~11rJ\llu,~\lltll6J)'vhnl1u,~ LLr.Jnl~'i\llnVl"l5~\lii1fl1\1~fl\1'Yll\1 
Lfliifl~lrJnl.lLtl~1<il1L'i\lU,~13Jl1rliJ tl\lnu,nl1~ruLffrJn1:~n1~ l~rJLuvn: genestein ~LUU,ltll6J)'~

'IJ .... 'IJ 

fll11u,n~ 3JV\~n1U,51LV\~ tl\l~3Jl1rln~nl1LtJ~ rJu,~1l1'V'1"lltl\ltltl~~ltlflfll~~'i\llnL6J)'flffl"lln1:~n
, 'IJ 

LL~: RAW264.7 ~LV\iirJl1,bl~rJ RANK-L LL~: M-CSF 1~ [3] ~n,.f\l iJ\lii~11~1u,nl1~fllrJ 
n1:~n~LLrJnL~'i\llnL:klLL'YlueJlfl~'Yl~rJllii"lJtl\l'i\l~u,Y(hr L~U, FK506 Concanamycin B ~\lLLrJnL~

'IJ , 'IJ , 

'i\lln Streptomyces sp. [4, 5] LLfl: prodigiosins ~\lLLrJnlcA''i\lln Serratia marcescens [6] LiJu,~u, 
tlln115n L~U LUu,nl1<iltll.l ~u,tl\l"l.l tl\lll ii rt:klnu,LLl.Il.I innate ~\lv\ln tl ci III rJ1~nl1flltJfl:kl~ 

'IJ , 'IJ' 

L'VI3Jl:~:kl n115nL~uiitJ1:~'YlTIIl1'V'11u,nl1riTcij'~nl1L-:u1qJ"lltl\l L:5tlri tll1fl1~ LL<1iv\lnn115nL~1Jii 
nl1~lLitu,LtJdju,1:rJ:L1fllU,1U, 'i\lu,n~l rJLuun115n Lffl.l Li'tl1\1n'i\l:n fll rJ L1j u 1 'YlM~ tlLiTU1U,1~ 
1~ rJtll'i\lYl1 1 Vi'Ln ~fll1 :klLffrJ'VIl rJ"lltl"LdtlLfl tl"ll tl\l<ilU,Ltl\l 1~ 11fl~ dJ u,uru'VI1Yll\1~11l11mff"llLil'V111.1 .... , 
~~\leJlrJ1UU'i\l-:UDU,'VIfllrJl1flii~lLV\<il :kll'i\llnn115nL~uLi'tl1\1 L~U l1flaiJtl5nL~1J1:kll<il tl rJ~ LUU~U 
'IJ'IJ 'I 'I 'I 'IJ 

L6J)'flGf~ iil.l'Yll.ll'Yl~l~ru1u,nl1fllUfl :lJLLfl:n1:~unl1e1nL~1.I ~ tl LL:lJlfl1~1'i\l L6J)'flGf"l5it~tt~l.Iii eJ ci 
.... 'I 'I 'IJ 

ckl11Jlu,tl1rJl:<1il\1 'J iiV\,rl~'VI~n1u,n11-;ijunu (phagocytosis) ~\lLLtJflntlfltl:lJ 5n,.f\l Lrltlrln 
'IJ 

n1:~uiJ\liifll1:lJ~1:kll1rllUnl1'V1k\lff11~1\1 'J ~ iirl'YlR1Unl1rllfll rJL;fftlri tl11fl L~u, nitric oxide 
'I 

. . fl OJ; .d 1 .J' <V &:I 1 .¥ dI 0

reactive oxygen species LuU,<ilU, 6J)'\I 3JLflnflL'VIfllu,rJ\I:klfl113Jff1:lJ11rl u,nl1'YllfllrJLuaLrJtl"lltl\l 
'I 

L-;ijlU1U,1~ rJlfl~n115nL~1J1UU'i\l'i\lDU,~itrJ:lJ1i ~ tl ~L~ rJ1tl rJ~ Ltta\l'i\llniifl'Yllffl1tlUflfl:kl1unl1 
'I 'I 

n~nl1rll\11U"l.Itl\llliifl:klnu,L~~ LL~nl11irJl~L~ rJ1eJ rJ~LUU,1:rJ:Ll~lUlu3Tniit-JflaiJl\1L~ rJ\I~L!i 
'IJ 'I 


.:t a I 6' V 


~"u1:~\lfl<ill:lJ :kll~l rJ 

~1'V111.111flaiJtle1nL~U1:kll<il tlrJ~"t1,1, nl1e1nLffULftl1\11.11L lmaiJ tlrll1V;Ln~nl1'V1k\l~11tltln
'IJ 

f1Yllf<1il\1 'J 'i\llnL6Jffl~U,1:Ul.Ill iifl:klnu~1.I1Llru,~ Ln~n115nLffl.l"lltl"aiJtl ~\lt-J~1V;Ln~nl1n1:~U
'IJ 'I 'I 

nl1LL1J1ffIl1'V'1"lJa"tltl ff~laflfll~~Lvi tl:klln;1u,luu1Llru,,,tu, rl11V;~1arJ11fliill11:nl1rllfllrJia 

LL~:n1:~ni.~ [7] ~\I,fu, nl1e1nLffl.lLLfl:nl1~fll rJ:kllfln1:~n~\liifll1:klff:kl~UTInUeJ cil\11n~:a~1 U 
'IJ 'IJ 

nl1L'VIiirJl1,b1V;Ln~'V'IrJ1TI~1l1'V'1"l.1a"11fl1~ 
\llui-cilrJ-ttii1<ilrll.h:ff"~Lvi a~~n1a\l ~11eJ eJnfl'Yllf'Yll\1~11l1W'i\lln LLV\~\l1l11:lJ"l51~ (~"l5

'I 


A &:I ~ d V a I~ &:11 6' & <V
6' &:I V 

LLfl:'i\l flU'Yl1rJ) 'Yl :klfl'Yll)<illu,nl1Lu~ rJUffIl1W"1JB"tl tl~'i\l tlfl~lff<il LL~:f1'Yl1l<illUnl1anLffl.l LL~: 
'I 

~nMln~Ln1U,1:~lJ1:lJL~n~"llB"LLeJfl~1~~lunl1L1J~ rJUff1l1WLfla,,~u ffl1~~~n1eJ"L~'i\llnnl1 
'I 

l-;ijrJttiirl'nrJIl1wlu,nl1LUu, lead compound L~ eJ~~U1LlJu,rJl~lunl1ff~lrJn1:;~n~1v\1U
'IJ 

iJeJ\lnULL~:thD~l1fln1:~nW1u,<1i eJltJL~ 
'IJ 'I 
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1 2 3 4 5 6 7 8 9 10 11 12 

1. nT~~~'U.11::1J1Jn11~~n1€h'l~11ElEJn • • 
Cl'YlR:a'·Ul1Y1~ii f\ Y1ifn ~nl1ltJ~ tJ'U.~fllY1 

~ <'i1 ~ 
·lJeh'IL6lf~~ El El ~<il Elf) ~1 ~<il U~::1::1J1J n11<il11'<il 

n11Yh~1WlJEl~l6lf~~ElEl~~1Elf)~1~~ 
~ ~ d 

2. n11~~U11::1J1Jf)~n1El~~11Elanf\Y11l 
<'i d<'i d ~ 
"1flfl1WYllJf\Y1lln~n11Elnl~U 

• • 

• 

• 
• • • 

• • • • • • 

A-=t AC>..o 

1fiflT'i1,H) (Procedure) 

1. Lsn~;t~,rLL~:::nl1Yl~ tH1Ufll11J LUUvh~~ ElLsn~ ~"lJ e:h'l~11Yl~ ~EllJ 

Lsn~~1~,r~1,nunl11~LLElfl~i~"lJEl~~11ElElnrrYllf:alJllV4~lUnl1elnL~lJLL~:::nl1 
LtI~tJU~lllV4"lJEl~ElEl~~lElfl~l~~ ~El RAW264.7 ~~LiluLsn~~ monocyte/macrophage 

precursor 1~tJLttl~L6JJ~~luEll'vn1 OMEM ~L~1J fetal bovine serum (100/0 v/v) lsnL~tJ1J 
L~1Ll~ (1 mM) HEPES (1 mM) LL~:::LV4uit~~uLL~:::~L~1t11~iJtJ~u 1~tJLttl~~Jll1::: 5% 

'IJ 

fll'flJElUL~ElElnLsn~ ~Elrn~llii 37 El~f'llLsn~L6fitl~ 
'I 'IJ 

L~ ElYl~ ~EllJfl111J LiluY1M~ ElLsn~~drEl~~U ~~U1U~ Lsn~~~l t1~11Yl~~EllJ~fl111J 
L,y1J,yU~l~ 6J LUUL1~1 20 ,t111J~ ~~~'i\llntfuL~1J~11~:::~1t1 MTT (fl111JL,y1J,yU~~l'nlt1 0.5 

'I 

mg/mL) lUEll~11Lttl~Lsn~~LL~:::tl1JLsn~~~Elfln 4 ,t113J~ 'i\llntfuL~1J isopropanol (0.04 N 

Hel) LL~:::1~fhnl1~~n~ULL~~~ 540 nm ~lU1rnfhnl1El[hEl~"lJEl~Lsn~m~tJli~1Jnl1~ElLtlii
'IJ 'IJ 

% cell viability =(00 test - 00 blank) x 100/(00 control - 00 blank) 

2. nl1L~rttJ1,"lElEl~~lElfl~1~~LL~:::nl'~~~n1El~~11 
o ft '&I '&I. .... 

U1L6JJ~~ RAW264.7 1Jln1:::~U~1t1 recombinant RANK-L (rRANK-L; Peprotech) Yl 
'I 

...,.., "'" Cl,.oI v Q,..I ~o Q...I ~ "",v 

fll11JL"lJ1J"lJU~~Yllt1 100 ng/rnL U1U 5 lU V41El3Jn1J~ldYlYllnT~fl~n1El~'Ylfl111JL"lJ1J"lJ,"~~~~
'I 'IJ 'I 

~Laj;ihlinl1El[hEl~"lJEl~Lsn~~~lnil 80% 'i\llnnl1Yl~~ElUfl111JLiI,"Y1M"1JEl~Lsn~~,yl~~U
'II 
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LtI~rJua1v\T'H~r.h1Lsn~1vul~~ rRANK-L l1n 6) 2 1U '<il1n~U1~nTHU~rJUff1l1YHllu 
aaff~1afl~lff~i1~rJnT:irJa:u TRAP 

AAQ 	 • 

3. n11~11,;)v\lLLafl~1~"lJa~ Tartrate-resistant alkaline phosphatase (TRAP) 

'VI~~,;)lnL 'VIttrJltb1lKLsn~~Ltl~ rJUffllTVHUUa aff~1afl~lff~LL~1 ~1~Lsn~~~lrJ 10% 

formaldehyde LL~::L~:Uff11~::~lrJ p-nitrophenylphosphate 1u 50 mM citrate buffer (pH 

4.6) ~~dJuilHn~1'Yl"lJa~ TRAP LL~::L~:U 0.1 N NaOH LL~::1~~ln11~~n~ULLff~~ 410 nm 
'II 

1~rJ1,n:u1fl1L~~'Yl1~L~af ~1v\1un11rJa:Uv\lLLafl~i~"lJa~ TRAP 1uaaff~1afl~lff~,rU ttl 

Lsn~~~LV\ttrJlttlLlluaaff~1afl~lff~:U1~11~~lrJ 10% formaldehyde U1U 10 U1Yl LL~::~l~1u 
.., 

95% ethanol ,;)In,ruL~!I 0.1 mg/mL naphthol AS-MX phosphate LL~:: 0.6 mg/rnL fast red 

violet LB salt 1U 50 mM sodium acetate buffer (pH 5.0) ~~ 50 mM sodium tartrate 

'VI~~,;)ln~1~~lrJ,r1LL~TYh1lKLLlK~ ~a~1l1 rJ1~n~a~'<il~'Yl11ftU a aff~1Elfl~lff~'<il::rJa1J~~~LL~~ 
'I 

L"l1:U LL~::~'VI~l rJitlLfl~ rJ ff1 U V\ii~ Lsn~~ [8] 

4. n11n1::~un11ernLff1J1'l-bU!lfl1fl1~1,;)
i 

n1::~U RAW264.7 ~lrJ rlFNy (10 ng/mL) LL~::i.~ltl~a~LL6J1flfl1L1~ 
'I 

(lipopolysaccharide; LPS) (100 ng/mL) U1U 24 ,tl11J~ LnU~lUlff"lJEl~a1v\11LirJ~L6J1~~L~a 
ttlLtl1~m1J1rn"lJ a~i.u~1n aaElni.sn~~t-J~~i.~ 
5. n111~m1J1 rni.u~1n a ani.sn~LL~::n11LLff~~ a an"lJ a~fju~L~ rJl"l1a~n1Jn11n11LtI~ rJUff1l1~ 
"lJa~aaff ~lafl~lff~ 

l~m!llrni.u~1n a ani.6J1~1u1t1"lJa~i.Ui.~1'YllUa1'V111L~rJ~Lsn~~ RAW264.7 ~n1::~U 
'IJ 	 'I 

1~£J IFNy/LPS 1~rJtI~n1rJ1 Greiss reaction ~1:uiTI~i.~~·n£J~lU!l1riauV\,zTd' [9] ~U~ 
L~£Jl"l1a~nUn11LtI~£JUff1l1~"lJa~aaff~lafl~lff~~~nM1 ~a Nfat-c1, Cathepsin K LL~:: irf8 

'I v ~I Q 1 A 	 ~ 1.J''1 fi" 
LL~:: L"11 	 beta-actin LlJUrJUfll1Jfl:lJ ~£J~~~1:lJn11LLff~~aan"lJa~ mRNA "lJEl~£JULv\~lULUL6J1~~ 

'I 

aaff~lElfl~lff~~LV\tt£Jltb1~rJ rRANK-L ~l£JiTI quantitative realtime RT-PCR ffn~ total 

RNA ,;)lnLsn~~1~rJ1i TriaZol (Invitrogen) LL~::Ltl~rJU RNA LiJU cDNA 1~rJli reverse 

transcriptase LL~::Yhtl~n1£J1~n1'.rl~a~L:lJaL1ff~lrJ 1 x Maxima™ SYBR Green/ROX 

qPCR Master Mix (Fermentas) lULfl~El~ MJ Mini personal Thermal cycler (BioRad) LL~:: 
0..... 1 1 IV 	 -~~CT 
fl1Ulrn1::~1Jn11LLff~~Elan ~rJ "11 2 

6. 	ff11ffn~'Yl~ffalJ 

ff11ffn~~~~n1a~lh::na1J~1£Jff11~'Yh1lK1J1ff'Yl1fLL~1,;)ln~"11 (1~rrUfll1:lJaULfl11::~
'I 	 'I 

v I fi" "" 	 "" Q v I fi" ~ 
,;)In t-J"111£Jft1ff~11,;)11f..J ~1. "lJWM~l ~~V\a:u 111fll"111Lfl:lJ LL~::t-J"11df..Jft1ff~11,;)11f..J ~1. "11~ £J:U 

'IJ 	 .u 'I 'II 'I 

..... ~ "" ~"" "" fi" fi" "" .....
lln~ 111fll"111,;)~"1111'Yl£J1 flrn::l'Yl£J1ft1ff~1 '<ilW1~~n1rn:lJv\11'Ylf..J1~f..J Professor Jun Wu,

'I 	 'I 

South China Sea Institute of Oceanology, Chinese Academy of Sciences) ff11ffn~ar.h~ 

'VI £J1U,;)lnL1JLL'YlU ai.~~,;)ln';)~u'Yl1rJ~ LL£JnL~'<il1n~U1u..ij~V\l~"bu
'I 
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~~'7Jf)\JnTj1~tI (Result) 

1. nl1~~Ul1::lJlJnl1f1~n1Eh'l ~11El Elnr)'Yli:a11l1~~i1r)'Ylin~nl1LLUd~1l1~"lJ El~L6Jl~~ 
El El ~~lElfl~l ~<ifLL~::d::1J1Jnld~11';ij nld'Yh~lU"lJ El~ L6Jl~ ~£I £I ~~1 El fI~l ~<if 

tbL6j)'~~'~,r RAW264.7 6J1~LtJUL6Jl~~,~,r~i1~:lJlJ~dJu macrophage precursor :lJl1i 

LtJUL6j)'~tf'Yl~~EllJ 	 1~ £.lL~:lJ recombinant RANKL 6J1~dJU16Jf1~lf1,r~i1rrYliLvrct£.l1tln 1 ~i1nld 
D 1 ofl Al 6'.d '" '" J" 6' ofl

LLud~1l1Y.HuUEl El~~ Elfl~1~~'Ylfl11:lJL"lJ:lJ"lJU 0, 50, 100 ng/mL LL~::L~£.l~L6j)'~~LuUL1~1'U.1U 5 

1'U. 1~£.lL~:lJEll"'ldl~·uJ~1El:lJ rRANKL 'YIn"J 2 1U ';ijlnn,rU~d1';ij~EllJnldLLlh~1l1~LtJUL6Jf~~
'I 

ElEl~~lElfl~l~~l~ £.llinldirEl:JJL ~ El~dTiil"'l TRAP 1~ £.lnld~d1';ijL:n~flUUll~'Yh1~£.llTInl1irEl:JJ 
'I 

in situ ~1£.l substrate LL~::~d1';ij1l1£.ll~n~El~';ij~'Yldd~,r LL~::nld~d1';ijL:n~m:lJlm1~l~£.lnld 
'I 

LTllJ cell lysate LL~::1i chromogenic substrate· 1unldl~LLElfl~l~"llEl~ LeJU16JfaJ 'Yh1~~l:lJldn 

l~~lnld~~n~ULL~~~ 410 nm 1~ 
'\.I 

LL~~~~~nldirEl:lJL6j)'~~1u,dtJ~ 1 ltnu~ 1A L6Jl~~~1~1~1u rRANKL l~i1L6j)'~~~rjEl:JJ
'\.I '\.I 

~~~LL~~ LL~::l~~lJil i1 L6j)'~ tfi1~it1 L fI ~ £.l ~'" ~1 £.lit1 L fI~ £.l ~ (multi-nucleated cell) 1U"lJ m::~ 
L6Jl~~~1~1lJ rRANKL ~ 50 LL~:: 100 ng/mL "t'U, riL6Jl~~~irEl:lJ~~~LL~~~lU1'U,:lJln iln~~ rT~ 
i1 L6j)'~ ~~i1it1LfI~ £.l~'" ~1 £.lit1 LfI~ £.l~L~ :lJ,]UeJ cil~i~L';ijU (dU~ 1B-C) 1~ £.l~l'U,1'U,L6Jf~~~i1

'\.I 

it1LfI~£.l~"'~l£.lit1LfI~£.l~,rU~lJ:lJlnnil1'U,L6j)'~~~1~1lJ RANKL ~ 100 ng/mL ~~~l~ii'rT~ 
(,ieJ~fI~eJ~nunld1~L:n~tJ1:lJlm 1~£.lnld~dl~nldLtJ~£.lULLU~~nl1~~n~'U,LL~~"lJEl~ cell lysate

'\.I 

",~~,nn~L~:lJ chromogenic substrate LL~1 l~£.l~lnld~~n~ULL~\I~l~~ 410 nm ~lJilL'11~tf 
'\.I 

~1~1~1lJ rRANKL LL~::L6j)'~~~1~1lJ rRANKL 100 ng/mL l~~lnld~~n~ULL~~~ 0.20 LL~:: 
'\.I 

o ..... cv:::' "" 1'" J" ofl .d 'I cv 	 & ~ 
2.0 Cill:JJ~l~lJ ~\lU 'U, ~\I ~1l11::'U,LuU1l11::'Yll"':JJ1::~:lJ bunldfl~ndEl~ ~ldEl eJntl'YI1l'YI1~~11lTVi 

~i1tl'YIRn~nldLLtJ1~1l1~"lJ £1\1 £I £I (,i~lElfl~l (,i<if 
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" I 
I 

!t1~ 1 ~flnT~rJmJllf)~~i~ TRAP l'UL6J5fl~ RAW264.7 ~i.~11J rRANKL (A) RAW264.7 ~i.~iinTH~3J 
, , 

rRANKL (B-C) RAW264.7 .yh~3J rRANKL .yj 50 Llfl:: 100 ng/mL <n13J~1i1J fln~1LL~~.J~1LL~l-i..J"lJf).JL6J5fltf
'1.1 

"lJ"t1~1~qJ~ii~fl1t1U1L~~tI~ (multinucleated giant cell) 

.......... £~.d~ £ ..... 

2. nl1~~'itT'l~UUfl ~ n1e:h'l Lll1El Eln t] 'Ylll"1511l1'VfYl aJ t]'Yllln~ nl1Eln LLlU 

1,rL6Jl~&f RAW264.7 1'itnl1vr~'itl1~lJlJ~~n1El~Lll1El Elnq'YlR~1'itnl1e:lnLLlU 1~ £1lil 

6' IV IV 

Lsn~~aJln1~~'it~l£1 recombinant interferon gamma (rIFNy) LL~~ lipopolysaccharide (LPS) 
'I 

LlI'itL1~l'itl'it 24 il1aJ~ 1illntf'itdlU~1'it1Ll"lJEl~Ell'V\11L~£1~Lsn~;ttll~maJlrn nitric oxide ~ 
Lsn~&f~~~1~£1ulln1£1l Griess ~lJl1L6Jl~&f~"~1lJnl1n1~~'itijnl1r-l~~ nitric oxide 1'itmaJlrn 

'I 

~Ll~nl1Lsn~&f~"~i.~1lJnl1n1~~'itEl cil~ij,r£1~l~ru (i.~LLLl~~ r-l~) ~~tf'it ~~,,~linl11~maJlm 
~ 'I ~ 

nitric oxide dJ'itnl11~L~~m:UlrnLYl El~~n1El~Lll1~ijq'YlR~1'itnl1e:lnLLlU 
3. nl1L~1£1 aJ Lll1Lln~1illn~"15LlaJ'it"~1U~~Lll1Lln~ LaJ LL 'YllJ ElL~ ~"ln"~'it'Yl1rJ 

1 1 

(1) Lll1Lln~"ln~"151'itn~3J limonoid ~i.~1lJfll1aJEl'itLfl11~~"ln~~l£1~lLl~11"11rJ 
'I 'I ~ 

A A ~ A 6' Ii" A ..... 

~1. "lJ'itM~l ~~'V\ElaJ (1l1fll"151LflaJ flrn~1'Yl£1l~lLl~1 yvn~~n1m:l..l'V\lTYl£1l~£1) LL~~ 

Professor Jun Wu (South China Sea Institute of Oceanology, Chinese Academy of 
.... .... 

Sciences, China) ')l'itl'itrl~tl'it 30 ~lElcil~ 

(2) Lll1~n~"lnn1~"151 £1~'h LL~~tl'itvr'itTI~~i.~1Ufll1 aJ El'itLfl11~~"ln~~l£1 
'I 'I ~ 

6' ...... .... ~ A ~ A 6' 6' A ...... 

T'llLl~111ill1£1 ~1. W~'Yl11 LllLl~ (1l1fll"151LflaJ flrn~1'Yl£1l~1~~1 "Wl~~n1rnaJ'V\11'Yl £1l~ £1)
'I 

.... .... 
')l'itl'itrl~tl'it 20 ~lElcil~ 

(3) Lll1Lln~LL3JL 'YllJEli.~'Yf,l1n"~'it'Yl1rJ Streptomyces sp. ~LLrJni.~1illn1fl1~nl1fll1aJ 
'I 

'V\~ln'V\ ~1 £1'Yll~:al1l1W"ll El~1il~'it'Yl1m'itL"ll ~~'it~~~'V\l~lb'it ('Yl'iti~£1~ulh~aJl rnLL~'it~'it tJ 
'I .. 

.... .... 
2549) ')l'itl'itrl~tl'it 80 ~lElcil~ 

Lll1Lln~ L'V\ ~Tdijrr~~ dJ'itLll1~n~ El rh~'V\ £1l1HL~~Lll1~"~~1'itnl1'Y'h1~1J1~'YlRLLrrl 
'I 

1~£1'Yh~~~1£1l'it~1'Yil~~~l£1 Dimethyl sulfoxide (DMSO) 'V\1El 500/0 acetone (v/v) 

9 



~ J~ 
2.4 nl1f1 ~ n"H.h'l ffTHHl n t] 'Ylll~1111~ 

ri au~~n1a~ ff11~ iifj'Yllf~l un11lltl1ff1l1~"lJ a~ a a ff~la fI ~1 ff~lL~::~lun115nLfflJ L~ 
'Yl~ffElUnl1L1JuVh~"lJa~ffl1~"il::~~n1a~~E1L6Jf~Gfri au l~ miTV\U~f1113JL,J3J,]U~"il::lilUnl1f1~ 
n1E1~ffl1LiJTV\3Jl~ 1~~1l1L'1J~Gf RAW264.7 3Jl'Yl~ffaUnUff11~"il::Yhnl1~~n1a~~f1113J 
l,y3J,yU~l~ ') dJUL1~l 20 i113J~ "il1nJul~fi1f1113JElci1a~"lJa~L6Jf~~1~~1n- MTT 

'U 

'V\t~"illn,rUL~ Elnflfl113JL,y3J,JU~ff~ ff~~L:JJdJU~M~ a L6Jf~GflL~::1~1unl1~~n1a~ffl1 
'U , 

aElnq'Ylif~11l1~~i.~"il1nLL'V\~~~1~ ') ~1::1J,y1~~U ~~nl1~~n1E1~LLff~~lu~111~~ 1, 
"illn~~lunl1~~n1El~Lrl'El~~U~1Jilff111un~3J~13JuEI~~ (Iimonoid) ~ffn~i.~"il1nY1~, 

Xy/ocarpus moluccensis (7 -oxo-7 -deacetoxygedunin; KP-1) iifj'Yliflunl1n~nl1Ltl~ ~U 
ff1)l~"lJ a~ a a ff~lE1f1~l ff<11LL~::n115nLfflJ~ LL1~ 1U"lJ rn::~ii ffl1ffn~ EI cil~'V\ ~lU"il1n 
Streptomyces sp. ~LL~ni.~"il1n~U1u~~'V\lntilu~ iifj'Yllf~lunl1eln LfflJff~ a-1Uffl1ffn~"illn 

'U 

Y1"1f~U ') ,rU~lJi1iifj'Ylif~1'V\1E1i.:JJii ~~,ru 1U~lUl~~d~~Luu~nMln~i.nnl1Y11~lU"lJa~ KP

1 1UL6Jf~Gfaaff~lafl~lff~ LL~::iht~~hl itun11Y111~ffl1ffn~"il1n"il~U'Yl1rru1ff'Ylifl~~in-'Yll~, , 
Lflii~ai.t1 

5. nl1'Yl~ffaUfl113JL1JU~M~ElL6Jf~~"lJEI~ KP-1 

L~a'Yl~ffEllJil KP-1 iifl113JL1Ju~M~aL'1J~Gf RAW264.7 'V\1E1i.:JJ ~~1l1L6Jf~Gf3Jl 

'Yl~ffaUnU KP-1 ~f1113JL,J3J,Ju~h~ ') U1U 24 i113J~LL~::1~fi1nl1aci1a~"lJa~L'1J~~1~~in-
'U 

MTT (1t1~ 2) "il1n,rU~lulrnfil IC50 "lJEI~ff11 ~Ui1~fil IC50 ~ 11.53 Ilg/mL (26.29 JlM) 
'U 

% viability of RAW2S4.7 cells treated with KP1 

150 

~ 100 
:.0 
:>"' 
rf!. 50 

10 

"juri 2 f1113JL1Ju~1!J-~aL6Jf~Gf RAW264.7 "lJEI~ KP-1 1~~1n- MTT 
tI 

"illn,xUrJEl3JL6Jf~Gf RAW264.7 ~L'V\ii~11l11~djuElaff~1E1f1~lff~1~ ~ rRANK-L 111 ~1~ 
nl11~ KP-1 ~f1113JL,y3J,yU 9 J-tM LvlaGi~~l3JLLafl~l~"lJa~ TRAP ~lJilffld KP-1 ffl3Jl1rl 

0.1 1 

concentration of KP1 (Ilg/ml) 
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n~LLeJfl~l~"lJ eJ" TRAP 1~eJ cil"i~L,;}'U,1'U,"lJru,:;~ L6J1~ff~1~1uLuYn:;~Tyh~:;~l FJfll1Jfl3J~ 
'I 

LLeJfl~l~"lJeJ" TRAP eJcil"i~ L,;}'U, (dtl~ 3) LrleJl~r]'Yl1fl'U,nldn~dL~"m:IJl ru,~Uil KP-1 ~ 
'U 

fll1:IJ L,r~J,r'U,~"n~11i;l1 :lJld()n~nldLtl~ FJ'U,i;lJll~l~ 97.580/0 

'juri 3 r]'Yl1fn~nldLtl~ FJi;lJll~ LU'U,eJ eJi;l~leJfl~li;l<l1"lJ eJ\I KP-1LV\ttFJltb1i RAW264.7 dJ'U, 
u 

eJeJi;l~leJfl~1i;l<1l1~FJ rRANK-L JllFJ1~nldiJ KP-1 (9 mM) v\1eJ~TYh~:;~lFJfllUfl3J OMSO 
'I 
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• 

, 

o QJ I &:t A 

1il1U1U~lEHJ1\1'Yl3J 
o QJ. a 

1illUlU~l El tJ1\1'Yl 

f1'Yli<1l1UnTHLlh 

ffll1 ~"lJ El \I El El ffGl1 El 
..... 
ElnLffU 

2 1 

ElUvrUTI (ElULfl11:;"n~ tJ~~l tJ~lff~111il1jrJ ~1. 
, , 'lI 

"lJih~~l ~~V\ El3J) 

ff1jlun~3J limonoids ~ffn~L~1il1n~"11, 
(ElULfl11:;V\1~tJ Professor Jun Wu), 

2 9 

(aULflj1:;V\1~ tJ ~~1 tJ~lff~j11il11rJ ~j. vr~Yl11 
, 'lI 

..... a 
fflff~) 

2 

Streptomyces sp. 

6. ~~"lJ El\l ff11~ 3Jf:] 'Yli<1l1Un11Ltl~ tJUfflllV4"lJ El\l El El ffGl1Elfl ~1 ff~~ Eln1jLLff~\I a Eln"lJ El\lnU 

L~El~n~ln~Ln1Un1jEl Elnfl'Yli"lJ El\l KP-1 ~\I~~~13Jn1jllff~\I ElEln"lJ El\lnU~L~tJl,JEl\l 
nUn1jLtI~tJUffll1~"lJEl\lElElffGl1afl~lff~ L~LLri Nfat-c1 lL~:; Cathepsin K 1~tJ NFAT-c1 LlJU 

transcription factor ~iJUYlU1Yl ~l~ru1Un1jfllUfl3Jn11ltl~ tJUffll1V4"lJ El\l a El ffGl1Elfl ~1 ff~LL~:;., , 
acill1tJl<1ln1jfllUfl3J"lJEl\ln11nj:;~u1~tJ RANK-L ~1v\1U Cathepsin K dJu11hGllElff~3J

'lI , , 

v\,"1~~1~qJ1un11ff~ltJn1:;~n1~ tJffl3J1jrl ci EltJ elastin gelatin Ll~:; collagen L~ LL~~nU irf8 

lh~3Jl~j~ff transcription factor ~3Jj1tJ\l1ui1n1jn1~<1ll-~1~tJ RANK-L n~nl1LLff~\lElEln"lJEl\l, 
a .¥ .¥a 0.....' tid a1 6'
tJUULL~~n11n~n11LLff~\I El ElnU3Jfll1aJff1flqJ ~Eln1jL ~ tJUffll1V4"lJ El\l El Elff~ Elfl ~1 ff~ 

, , 
A 0 a.,... IIJ.,I a t,.I ~ &:It. 

L3JElU1U~ RAW264.7 ~ltJ KP-1 'Ylfl113JL"lJ3J"lJU 9 JlM LL~~~~~13Jn11Llff~\laan 

a ,.J', a.,f ~ 
mRNA "lJa\ltJULv\~lU ~Ul1 KP-1 3JfI'Yl1)n~n1jllff~\lElEln"lJEl\l'Yl\l Nfat-c1 LL~~ Cathepsin K 

LL~i.liii~~~ElnljLLff~\lElEln"lJa\l irf8 (jtl~ 4)
'lI 

~~~i.~1illnn1j'Yl~~El\ldLL~~\ll,xLV;ui1 ~lj~13JUEl tJ~ KP-1 El Elnfl'Ylin~n1jLL~~\lElEln 

"lJEl\l mRNA "lJ El\lnU~ L~ tJl,JEl\lnUn1jfllUfl3Jn11Ltl~ tJU~lllV4"lJa\l El El ~~1Elfl~1~~lL1J1J 
'I 

-;)lL~1~ ~\lr.t\l ~~1,xn1jLt1~tJU~1l1~"lJEl\laElff~1Elfl~1~~1l1tJl<1lnl1LV\litJTtt11~f..I RANK-L i.~ 
d1~;1u ~\I~El~flrrEl\lnU~~nlj~i.~1illnnljl~LLElfl~iGl TRAP lUn1j'Yl~~El\l,yl\1<1lU 
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Nfat-c1 cathepsin k irf-8 

c: 
o 

15 

. ~ 10 
Q) 

~ 
<II 

'0 5 
'tI 

:E 

"lJEhHHlff ~lEl~~lff~ 

L'V\ttfJlltl RAW264.7 1~LtJ~fJ'U,fflll'V'HrhtEl Elff~lEl~~lff~l~ fJ rRANK-L ~1:;fJ:;L1~1 
~1~ GJ l~fJSj KP-1 (9 mM) 'V\1El<ill'Y'h~:;~lfJ~lU~3J DMSO LL~:;~~~13Jnl1LLff~~ElEln"lJEl~

'I 

mRNA "lJa~ Nfat-c1, cathepsin k LL~:; irt-8 l~fJili quantitative RT-PCR tJ1U1:;~unl1 

LLff~~aEln"lJEl~ mRNA 1~fJ1inl1LLff~~ElEln"lJEl~ beta-actin 

n1~D;h.l"j1 [I ~H~ (Discussion) 

1'U,~l'U,i-;ijfJit ~ rn:;m-;ijfJL~'Y'hnl1~~n1El~L~ a'V\l ffl1';lln LL 'V\~~Jj113J"151~~Sjq'Yltn~
'\J 

nl1LtJ~ fJ'U,fflll'V'HL~:;1'V\1an115nu~u LL~:;~n Mln~Ln1'U,1:;~lJ13J L~n ~ LdEl~~'U,"lJ a~ ffl1L 'V\~1,f'U, 
'I 

1~ fJSjl~f1tJ1:;ff~~L~a'V\l lead compound ~Sjin fJlll~1'U,nl1ltli.tJvr~'U,lLlJ'U,fJliJEl~n'U,'V\1a
'I 

lhu~ alnl1n1:;~ n~1'U,LL~:;~ fJln-fflll~~dl~';llnn115nLfflJ L-fEl1~ 1~ fJ~lJl1 Sj ffl1ffrl~1'U,n~3J
'\J 'I 'I 

~l3J'U,afJ~';llnYl"11 Xylocarpus moluccensis SjLLa~~i~ff~1'U,nl1n~nl1LtJ~ fJ'U,fflll~"lJEl~
'lI 

a El ff~la~~lff~~L'V\ttfJlltll~ fJ RANK-L ~~~ t-ll'U,3JlrT~Ll1 L~ fJii11 fJ~l'U,3Jlri a'U, ~nrf~ rT~ 
~lJl1ffl1ffn~ El rh~'V\ fJllJ';lln Streptomyces sp. ~ LLfJnL~~ln~'U,1'U,-;ij~'V\1~"i1'U,Sjq'Yltn~nl1 
5nLffU ~~u~';lu'U,ih~~~lL it'U,nl1'yi1 1 ilJ1ff'YltL ~ aiL~11:;'V\1~1~ fffl~'Yll~ L~Sj~ a LtJ 

'I 'I 

ffl11un~3J~13J'U,a£.J~LlJuffl1~ffn~L~';lln~"111~fJ~lJ:lJ1n1un~3J citrus, Rutaceae,
'I 'I 

Meliaceae ~~-;ij~LlJU tetranortriterpenes 1~fJSjl~1~fffl~'V\~nLlJu furanolactone U';l';lUUSj
'I 

nl1~nMlq'Ylt'Yll~~1111~"lJ a~tll11un~3JitL~aulLtJLlJU£.Jl~l'U,Ll1ff fJl~1'U,11 £.Jl~lU 
'I 

3Jl~l~£.J LlJ'U,~'U, 1~ £.J Sjnl111 £.J~l'U, 'V\ ~1 £.Juu1J~1:;uii~q'Ylt1'U,nl1n~n115n LfflJ"lJ El~ ffl11'U,n~3J
'I 'I 

d [1 0-12] ~~1'U,~lui-;ijfJit~lJl1ffl1 KP-1 ~Sjqlit~lunldLtJ~ £.JUfflll~"lJEl~ ElElff~lEl~~lff~n 
Sjq'Yltn~nld5n LfflJ1ud:;lJlJ~~ndEl~"lJ El~~l'U,i-;ijfJttL,sunu ~~ih~~ El cid:;'V\11~nld~nMln~Ln . 

'\J 

nld'Y'h~lu1'U,d:;~lJl:lJL~n~ ~1'V\1uq'Ylt~~n~11
'I 

ffld KP-1 Sj~ll3JLlJU~M~ El Lsn~ ~~lLL~:;Sjq'Yl~tunld~lunldLtJ~£.J'U,fflll~"lJ a~ 

ElElff~lEl~~lff~~ff~ l~£.JLrlElLm£.JlJLYlfJ1JrllJ FK506 (tacrolimus) ~~LiJ'U,tlld~LL£.Jni.~';lln
'\J 

';l~u'Yl1£f Streptomyces sp. ~Sjq'Yl1f1'U,nldn~nldl'h~lU"lJEl~ NFAT LL~:;Sjnl11in'U,Elcil~
'I 

LL~1Vl~lfJLlJ'U,£.Jln~llij~3JnU ~lJl1ffld KP-1 Sjq'Yltn~nldLtJ~F.Jfflll~L~ff3JlJdnrn11 FK506 
'\J 'I '\J 

I 
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1~H~JLdEl~nMl~~"lJfh'l~11 KP-1 (jjElnl1LL~~hH)Eln"lJfh'l mRNA "lJEl~fl1,l,~L~tJl,JEl~n1Jnl1LU~tJU 

~111~"lJEl~ElEl~~1Elfl~1~~~L~rttJllt1t~tJ RANK-L LL~l ~tr~h~11 KP-1 ~11Jl1rm~nl1 
LL~~~ElEln"lJEl~ Nfat-c1 LL~:; Cathepsin k LL1J1J')lL~1:;1~tJLaJ~~~(jjElnl1LL~~~ElEln"lJEl~ irf-8 

mRNA ~~~~n~11LL~~~11~11 KP-1 Elflnfl'Ylt1~tJnl1~Cil"lJl1~nl1~~i~~lrnU~ltJ,rl"lJfl~in 
i~~lrn RANK-L ~tt1LtJ~nl1LL~~~flfln"lJfl~ Nfat-c1 mRNA nl1LL~~~ElEln"lJfl~ Cathepsin 

K flci111tJ1~nl1fll1Jfl1J"lJfl~ NFAT-c1 ~~,ru ~~~L~~~~fl~fl~El~n1,l,1~tJnl1~~~~"lJfl~ Nfat
~ , 

c1 t~tJ~11 KP-1 Yh1lKnl1LL~~~flfln"lJfl~ Cathepsin K ~~~1~~ trll"U1,l,flrn:;~1~lIih~~, ~ 

~nMln ~Ln 1 unl1fl Eln tl'YltL ~ El ~1J~li~i~~l rn~ulll:;dJud]l~1Jl tJ1Unl1l'h~lU"lJ El~~11 
KP-1 

,jeH~"t.I (Conclusion)
• 

1. L~~~ul1:;1J1Jnl1~Ciln1fl~~11flflnfl'Ylt'Yll~~1111~1unl1nMl1LtJ~ tJ1,I,~111~"lJ fl~ 
flEl~~1flfl~1~~LL~:;n115nL~1J1u1:;~1J in vitro 

2. ~~n1fl~~11f) flntl'Ylt'Yll~~1111~t~ 1I1i1:;1J1J,yl~~U 1l1n~11~L~1l1n~"1HL~:;1l~U'Yl16LL~:;, 
~1Jl1~ ~111J1~'Ylt1un~ 1J~11JUElll~1l1n~"Jj~fl'Yltn~nl1LU~ lIU~111~"lJ El~ fl fl~~1Elfl~1 ~~LL~:;, 	 , 

..... , A .,. 6'.d.,. J" ..... 
~11~n~f)1I1~~tJl1J1l1n~~1,I,'Yl1tJ'Yl1Jtl'YlTIn~nl1flnL~1J 

3. ~11~t1JUfltJ~ KP-1 1l1n Xy/ocarpus moluccensis flflnfl'Yltn~nl1LtJ~tJU~111~"lJfl~ 
flEl ~~1flfl~1 ~~1~ tJn~nl1LL~~~ flfln"lJ fl~ mRNA "lJ fl~ flu~ L~ tJl,JEl~n1Jnl1LU~ tJU~111~"lJfl~ 
flEl~~llflfl~l~~ L~LLri Nfat-c1 LL~:; Cathepsin k 
'iV • 
'2HH~"tlLL"~ (Suggestion for further work) 

L~flti.1LtJ1i~~1,1,1 LUU lead compound LUUlIlthU~~1El1nMl Ellnl1n1:;~n~11,1, 
~ , 

flrn:;~1~1I1l:;~nMlinirurulrn~LuuLiJl~1JltJ"lJEl~~11 KP-1 ~~L1I1,I,inirurulrntJ~111,rl"ln
\J QI QI 	 cu QI 

i, 'V , 	 .,. ~ .,t.1..... 1I'S
RANK-L ~LLn NF-KB LL~:; MAPK fln'Yl~ 'i\l::~nMl~~"lJfl~~11U U1::~1J in vivo 1,1, 

i<irf'Yl~~ fl~LL1J1J"ill~ fl~11f1n1::~nvnu1U~~11tJ~1J~tJ1::"illL~flU1~ tJnl1~~1~L']1U~1,I,i,1J6J1 
~ 	 ~, 

L~ fl~~1::~1JtJErft1J1,I,Lfl ~1Cil1L,,1,1, 
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I 
I 

n111L,11tl"lJl11UVlULLdYl• I 
'IJ 

~f) ~itI ~~'U,~11 aJl~rJi~<ild'U, 1,1,rl, ~nrurul L'iiJ1ru'V'n, 1,1, 1<i1YH~ L'iiJ1ru~UTI
'U , , ClIClI ClI ClI , 

-"II A..... r;:if'" 0 
L~f)lULa:: 'Yl't11TiJtlLGf'l':il YH1M111TlaJ 2554 

..... I 

U't1~~tlf) 

nldiirJd'LYl£l~nMl ~~"lJ£I~n111 LTl1tl"lJl11unld1nMl1111::nd::<ilnvnu1'U, VlULLdYl LVHflLij rJ 
'IJ' 'IJ 

~i'n"t111K£lrJl1,1,1111::nd::<ilnVf.l"'U,1<il rJnld<31<il1~Lazjtl tln LLU~VI'U, (£11 rJ 6 L~tlU) tl tlnL1JU 2 n~aJ 
'IJ 'IJ' 'IJ , , 

~tl n~aJ Sham control (SH) LL~::n~aJ~<31<il1~i.azj£ltln (OVX) ~nv\1,1,i.190 1U ~aJL~£InV\'U,n~aJ 
, , 'IJ' 'IJ , 

SH LL~::n~aJ OVX nt'laJ~:: 5 <311 aJTYhnldrnr.J6JJ1<i1 LnUL~tl<il'iiJlnV;11'iiJ LL~::L1iund::~n"lJl"lJ11 
", 'IJ 

rltl1,1,U1,1, VI,rlLL,y~"lJ11 LL~::i1,1,VI~~'YiEl1,1,~ 4 L~£I"t1i.tJ1~Tl11aJVl1,1,1LLU1,1,nd::~n LL~::6.n~nd::~n 
'IJ 'IJ 

LL~::Ln1Jnd::~nVl,rlLL,y~;rl~6J11rJ
'IJ 

LYlElli.1i.u~n~lnldLtJ~ r.J1,1,LLU~~"lJ El~Ldel Lfl elL1,1, d::iU'iiJ~111Tl 
, 

U.1V1U~LVI~El (nt'laJ SH ~lU11,1, 10 <311 LL~:: n~aJ OVX ~l1,1,1U 50 ~1) aJ1LLU~ElElnLilu 6 n~aJ 
'IJ" , 

G) ~:: 10 <311 LL~::11K~ld~h~ G) Yn~Uln ~El Jlnk1,1, (nt'laJ SH LL~:: PMO), n111LTl1El"lJl111,1,, 
"lJ1,1,l<il 10, 100 LL~:: 1000 aJ~/nn U1,1,.<311/1U (nt'laJPM10, PM100 LL~:: PM1000) LL~:: 17 u, 
ethinylestradiol "lJU1~ 0.1 aJ~/nn UU.<311/11,1, (n~aJEE) <illaJ~liu U1U 90 11,1, l1,1,d::VI"h~11K, 
~ldLnUL~£I~Yln G) 30 1U ,t~J1V\,rnV\1,1,YlnitJ<ill~ LL~::l1,1,11,1,~~rllr.J"lJEl~nldl"'~ld'Yh

, 'IJ , , 

nldrnr.J'JJ1<ilLL~::LnU£l1rJ1::~h~ G) i~,yl~~'U, ~~nld'Yl<il~ El~~Ul1nld<31<il1~i.azj El£ln'Yl111K, 
J1V1,rn<311"lJEl~Vl1,1,LYiaJ;]1,1, L~Ell"'n111LTl1£1"lJl1LL~:: EE yh1",J1V\,rn<;)1~<il~~ ~unldL~aJ 

'IJ 

~~;]U"lJ El~J1V1,rnaJ<il~n11,1,Vl1,1,L ~T'lLij rJ LL~::i.6.i~unldLtJ~ rJ'U,LLtJ~~"lJ £I~~U, L<iI LL~:::JJlaJ Ldel 
'IJ 'IJ 'IJ 

nd::<iln (%BA) Tl11aJVlU1LLU1,1,nd::~n LL~:::lJ1~n1::<iln~<iI~~111rJV\~~'iiJln<;)<il1~LazjElEln LL~::3hil 
'IJ 'IJ 'IJ 

L~aJ;]U£lrJl~i:lJ~uTIn1J"lJU1<i1"lJ El~n111LTl1£1"lJl1~1'" 1<i1 r.J ~~"lJEl" PM1000 ij,hln~L~rJ"nu 
EE 1<i1 r.JTll<i111nld<;)~<li£l:lJtl~L~T'I£I£ln, nldl1Kn111LTl1£1"lJl1LL~:: EE ij~~LtJnd::~1,1,l1KeJ<il11, 

'" ~ .::f ClJ. • 

nld~dl"LL~::~~lrJnd::<ilnL ~:lJ"lJ1,1, L~dl::d::~U alkaline phosphatase LL~:: tartrate resistant 
'IJ 

acid phosphatase 5 b l1,1,:n~aJ ijTllLYiaJ~";]U 'iiJln~~nld'Yl<il~£I~Tlf~d'ntil1L~11n111LTl1£1 
'IJ 

"lJl11,1,Eln'iiJln'iiJ::ijn'YliiJ£I~nunld~~lrJnd::~n (anti resorptive effect) LL~l £T~~laJldrJnd::~1,1,8
1 'IJ , 

nld~fl~nd::<iln (anabolic effect) L~~lrJ 'iiJln~~nld'YI~~£I~11,1,tJ~ 1 d' 'Yhl1K~duL~11
'IJ , 

n111LTl1El"lJl1 LiJ'U,~aJ1,1,L~d'Yll~L~ Eln~~~Tl1d'iiJ::~~Ul<liElLtJlu LU1,1,rJTlnMl11Tlnd::<iln~d1,1,1u 
, 'IJ , 

~<il1~~lrJ 1~rJTlld~'iiJ::Yhnl1~nM1L~rJ1nun~i.nnldElEln~'Yli<li£lLU11,1,tJ~ 2 L~rJri£l1,1,
'IJ 
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Abstract 


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

prevention in ovariectomy-induced osteoporotic rats. Six-month old female rats were 

divided into 2 groups; shame control (SH) and ovariectomy (OVX), 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) 

and bone mineral content (BMC) analysis and left tibia for histological examination. 

Remaining rats in each group (10 rats in SH group and 50 rats in OVX 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 17 a-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. Ovariectomy increased body weight gains in rats; however, feeding of P. 

mirifica and EE reduced body weight gains. P. mirifica increased uterus weights and no 

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

BMC were reduced after ovariectomy and dose-dependently increased after P. mirifica 

feeding; the increase in PM1000 group was equally to those of the EE group. The 

ovariectomy, P. mirifica and EE might stimUlate the bone turnover rate, because levels 

of serum alkaline phosphataseand tartrate resistant acid phosphatase 5 b 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 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. Besides, the mechanisms of its effects should be consequently 

determined in the second year. 
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v fl .d ~ I A' 
n1:;~nYn'U, (osteoporosis) Lu'U,1l11:;'Ylnj:;~nl.lf)111.1'V\'U,1 LL 'U, 'U,"lJ EhH 'U,eJnj:;~n'U,e.HJ

'tI 'I 'tI 'tI 

nrhtln~ rhl~n1:;~nUl.JLL~:;Llhl:; L~lJ.Jliianj:;~n~n~llJ~U (Kanis et aI., 1994) lu 
'tI 'tI 

ft"1 cu "-'A 6' r ~ r v.r ~ J" fl .d 
u'iil'iilUUalJ~nl1rn"lJ a~ Ljf)n1:;~n~1'U,1.I LL 'U,1 L'U,1.I~~"lJ'U, 'Yl~'U,Lu'U,~~1.I1'iilln eJllJ L\l,~ lJ"lJa.J 

'I 'I 'tI 'I 'tI 'I 

tlj:;~lnj~l'U,1'V\ru!.1'.J~u LL~:;1jf)dir.Jdl~L~~.JlUL ~f'lv\ ru.JLL~:;~llJ ~~dJuilruv\1~11)11m!.1'''lJ~
01 'tI 01 01 'I 

~l~ry"lJa~v\~llJ GJ tlj:;LYlf'l1.'U,if'iil~u'U, 111.1~~lh:;LYlf'lLYllJ (Pongchaiyakul et aI., 2006) 

l1af1l.1t-bLa!.1'l~jL'iilU (estrogens) iilJ'YIlJ1Y1 ~lflru Iii an1:;u1'U,nlj1n Ml !.1'1.I~~"lJ a.J 
01 'I 

nj:;~ n (Compson, 1990) 1 ~ lJ La!.1'1 ~jL 'iil 'U,ii rj 'YIRrr1.I8.J nljrll.Jl 'U,"lJ a.J L6}f~ tf~~llJ nj:;~ n 
'tI 'tI 

(osteoclast) ~1.I111'U,~'V\ fY~1l1lJV\ tr.J'iillnV\3J~lh:;"ill L~ a'U, l1a-fll.lULeJ!.1'l~jL'iil'U,'iil::~~ ~~ a rh.J 

~ 0 ~ .r lVI 

11~Lj1 nl1'Y11.J1U"lJa.J osteoclast 'iil.Jl.Iln"lJU !.1'.J~~ 'V\1.I1~nj:;~n (bone mineral content; 
'tI 

BMC) LL~::f)111.1'V\Ul LL U,U"lJ a.Jnj:;~n (bone mineral density; BMD) ~~~.J eJ cil~j1~L11 
'tI 

(Riggs, 1982; Ohta et aI., 2002) Ll1U!.1'lL 'V\~ tilflru~ L 'V\ttlJl'l-il 1~Ln~1l11:;n1:;~n~j'U,1U 
'I 01 'tI 'I 

~'V\ fY~llJv\l.I~lh:;"illL~ au ~lU1'U,~"l11lJtfU~1.I11nlj"lJl~l1af1l.1ULeJul~jL'iilU (androgens) 

Vl1a ijfl111.1 ~ ~11n ~"lJ a.J~u~111.1l1al1l.1'U,La !.1'l~jL 'iilU (estrogen-receptor gene) 'iil::rh1.'\Xij 

1l11:;L~lJ~1ii anljLn~1jf)nj:;~n~jUL~L~unu (Erben et aI., 2000; Riggs et aI., 2002)
'tI 'I 

uan'iillnd.J1ul~lJlui1'iil'iilU'U,rJ~~1.I11l1al13JuLa!.1'1~1L 'iiluLu'U,l1al1l.1u~ijf)111.1 til~ru1Unlj
'I III 

fl1Ufll.l!.1':u~~nj::~nluL~f'I~llJL'V\~aunl.lluL~f'lv\ru.J (Smith et aI., 1994) 
'I 'I 'tI QI 

nljlil1eJ-fl1.l'U,La!.1'1~1L'iil'U,Y1~LL'YI'U, (estrogen replacement therapy; ERT) dJUln-nlj 

~1,nunl11nMl 'V\1ail a ~n'U,1111:;nj:;~n ~1'U,~ ij111:;~'YIn-ll1~ LLIii~1.I11nlj1-nl1af(:uu
'tI 'I 

L a !.1'1 ~ j L'iil 'U, YI ~ LL 'YI 'U, a 1 'iil rll1~L n ~ ~ ~ ,r1 ~ L~ lJ .J ~ L U 'U, eJ'U, ~11lJ L~LL ri Ti fJ 1~Ln~ :u :; L 1 ~ L<ill u:u 

:U::L1~Lrl eJl.Il ~j.J:u~~n :JJ::L1~~ al.l~n'V\ 1.I1n LL~:: L~lJ.J ~ eJll11:;~:U L~eJ~ eJ~ ~U LU'U,<ilU (Sulak
'I 'tI 'tI 'I 

1997; Canavan and Doshi, 1999; Lissin and Cooke, 2000; Fontanges et aI., 2004; 

Smith, 2006) ~llJ~1:;'V\irnii~~~,rl~L~lJ.J~dl~;1'U,~~n~11 ~.JL~ijnl1~nMl1~lJ LL~::f1U"11 
lJl ~1. -n1n Ml v\1eJ iI eJ~ n'U,1111:: nj:: ~ n ~ j'U, Lvj eJV\ ~ n L~ lJ~ ~ ~,rl.J L~ lJ~ ~ a1'iil L n ~;r'U, 5'U, 

'tI 'I 

L rta.J :JJl'iillnnl11-nl1af1:U'U,L eJ ~1~1L 'iil'U, 'YI~ LL'Yl 'U, il'iil'iil u'U,FJ1~1i1'U,nl11nMl1111::nj:;~n~j'U,
'I 'tI 'I 

!.1'l:Uljn LLU.J L~dJ'U,!.1'a.Jn ~:JJ~ eJ 1) n ~:JJ~ rJ1.I8.Jnj:;1.I1'U,nlj!.1'~llJ n1::~ n (antiresorptive
'I 'I 'tI 

agents) L~LLri bisphosphonates ~~LU'U,lJl~!.1'1:Ul1nrT1.I8~ osteoclast activity LL~::nj::<il'U,
'I 

nj:;1.I1'U,n11 apoptosis "lJeJ.J osteoclast ~.J~~rll1idi~nj:;lJ1'U,nlj!.1'~llJnj:;~n~~U;eJ lJ~.J 
'tI 

(Papapoulos, 2008) 2) n~:u~nj::<ilunj::1.I1'U,nl1!.1'i'1.Jnj::~n (anabolic agent) l~lJlJln~:ud 
'I 'I 'tI 'I 

ij l'~ n 11 j:: ~~ ,,1. U n 1 j 1. anLvj a L ~ :u 1.1 1 ~ n j:: ~ n LellLL ri tJ eJ f1 :u 'U, ~1 j1i. YI j a lJ ~ (pa rathyroid 
'I 'tI 

hormone) ~.J~1.I11l1af1l.1U~lj1L'Yl1eJ FJ~til1.11jn L~ :un1::1.I1'U,nlj~f1~ n1::~n1~ lJnl1 
I 01 

nj:;<il'U, osteoblast activity til :Uljn L~ :u"ill 'U,1 'U,"lJ a.J osteoblast LL~:: irl.l rJ.J n1:;1.I1 Unlj
'I 

apoptosis "lJeJ.J osteoblast Lell (Deal, 2009) LLIii~l.Iill1eJl1:U'U,~111i.Y11eJlJ~ijt.J~,rl~L~lJ.J ~eJ 

rll1.iLn~alnl11.JLilJ'U,f'l1M:: f)~'U,i.~ LL~:; eJ1L~lJ'U, LL~::~~~LelliT.JLllLLu,'U,eJ'U, ~~iT~'tllLU'U,~ 
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UrJ1I~';):;tb:U11i1.UnTrrnM111~n1:;~nW1U UEln,;)lndrJ1~1i1.Un111nM11111:;n1:;~nW1U
'lI ~ 'lI ~ 

~~ ~El~ n ~ 11 tJ.J ~ 11 ~1 ~~ LL~:;~El.J ttl L ,J1,;)1 n ~1~t11:; LYl f1 'Yl11~~~ ~ 1111 :;n1:;~ nW1Ui,3J 
'I'll'll 'lI 'I 

~1:U11n L ,J1n.J rJ1i.~El ci1.J~ln~ 1~ rJ Ltl.W1:;t11:;~ln1i,Yl rJ ~1U 1 ~ rlJ ~ ~~lU:; rJ1n"ilU ~.JJu~~ 
• v ~ 

dJU~ti,l~Ul"illun11~nM1~:UULW11'1fl.J~u[n!JlUtl1:;LYlf1 LYl Elvr~U1 L1JurJ11un11iJfl.Jn'l-bLL~:;
'I 

1nM1fl11:;n1:;~ny.nu L yj El~~~UYlU1un11~~ ~ LL~:;n11tt"H,J1 rJ1"il1n~1.JU1:;LYlf1 anrY.J 
'lI ~ ~ 

~11111ntbLlJlinlJlJ1:;~1~UL~El ci1~ L~1I1:;~:U LL~:;i.3J~~~,J1.JL~ rJ.J 

n111L~1El"1J11 LiJU~~~1IUi.W1~W1JL~~llJ1:;LYlf1i.Yl rJ ~~ElYl1.Jl'Y1 rJ1f11~~f":h 
'I 

Pueraria mirifica Airy Shaw & Suvatabandhu Luui.:JJLtElrJ LL~:;~~lElcil~~uLyjEl~:;~1I
'lI 

El1~11 WlJl1 ~lU~1"1J El.Jn111 L~1fl"1J11 LtJU1J1L1 m ~ fl~:ui.U~l rJ ~11i.vJ1~ LEl~1~1L"ilU 
~ 

(phytoestrogens) flcil.JUElrJ 17 ~-n~ 1~rJ~11~~nLuuW1n isoflavanoids i.~LLri daidzin, 

genistin, daidzein, genistein LL~:; puerarin (Cherdshewasart and Sriwatcharakul, 2007; 

Cherdshewasart et aI., 2007a) ~.J~11L~~ld~1~1.J~i'1"Yl1.JL~~~~lrJn1JeJfln1lULfl~1~1L,;)U 
~~~11111n-:illJn1J~111J"1JEl"eJEln1lULEl ~1~1L"ilU (estrogen receptors) i.~LL~:;El Elnr:rnR 

I 

L~~flUnlJeJEln:UULEl~1~1L"ilU "il1nn11~nM11-:ilrJYi~lU1I1WlJ"h n111L~1El"1Jl1~1:U11n~~ 

1:;~1Jan El.Je~mn1lUW111i.'Y11El rJ~ LL~:;1:;~lJ LL~ ~ L6J1rJ 111U6J1~1I 1U~.J LL~1ILLriLWf1L~ rJi.~El ci1~~ 

,rrJLi1~r:y'Yl1.J~i1~ (Trisomboon et aI., 2004) LL~:;~fl1l1 Urasopon LL~:;~m:; (2007 LL~:; 

2008a) i.~'Yhn11~nM1~~"1JEl"n111~n111L~1fl"1J11rltt'n111 rJ~~""il1nn11~~~ El:uU.JLWf1ElEln 

(~~1.Ji.-nlU~ULWf1L~!J LL~:;~~ eJm6V1:;fl fln1 u ~ULL1'YlLWf1~ LL~:;~UtJ.Ji.3Ji.~LL~~"fl11:;n1:;~n
'lI 'lI 'lI 'lI 'lI 

W1U) LU'l-~L1~lU1U 90 lu W1Jl1~Un~1I~11J~1I~~~~fl:uU"LWf1ElflnLL~:;i.3Ji.~1lJn111L~1El
'I 'lJ ~ ~ 

an11 LL~~.Jfl11:;n1:;~nW1U LL~:;w1Jiln111Lfl1El"1J11~11111niJEl"nU (prevention) n11~ruL~rJ 
'lI ~ 'lJ v 

1I1~n1:;~n LL~:;~1111~U1LLti,un1:;~n 1U~ULL1'YlLWf1L~ rJLL~:;LWf1~~L~rtrJ1tb1~L1i~fl11:;
'lI 'lI 'lI 'lJ 

n1:;~nw1u1~rJn11~~~El1lU~LWf1ElEln 1~rJn111L~1Elan11~1:U11niJfl.Jnu (prevention) n11 
'lJ ~ 

~ruL~rJ1I1~n1:;~n LL~:;~11:U~U1LLti,U"1Ja.Jn1:;~n1u~urr.J~fl.JL'Vif1i.~a£.h~~,r(JLi1~ru'Yl1~~ii~
'II v 'lJ 'lJ 'lJ v 

1~ rJ;Jua ~nU"1JU1~"1JEl.Jn111 L~1El"1J11~1~ LL~:;i.3J~~1111 LL~n ~l.Jnu1:;~11.J LWf1 "il1n ~~.J1U 
'lI 

n111-:il(Jrr~~1I~d~:U11n~,;):;~1t1i.~11 n111L~1fl"lJl1~11111t:lLL~~~~~~fln1:;~ni.~ 
~ 'lJ 

L~uL~(J1nlJeJfln:uuLfl~1~1L"ilU ti'uflfl n111L~1a"1J11~1:U11t:liJfl~nun11Ln~11fln1:;~nw1u
'lJ 'I 

i.~ LL~El~1.Ji.1n~111~lrJ~11~n1:;~nW1U~1:U11t:lLn~i.~n1J:UUMrrYln~U a ~l~~fl !JLuu~arJi.u 
'lJ 'I 'I 'I 

1~ (Ji.3J~El1n11LL~~"1~L~U"ilUnl1"il:;Ln~ ~1111:;n1:;~n~n LL~l ~th (In''''il:;f~l LL~:;L,J111Jn11 
'lJ 'II 'lI 

1nMl ~.Jnl1Ln~~nMm:;~"n~11LtJunl1Lu~(JULLu~"~!Jln~"il:;LLnl"lJ ~""lJm:;d,rnl-:il(J~l 
l~nnl&r"li"LUU'Yllnl1i-:il(J Lvi a1~1~(Jl:Ul1,nunl11nMl~fl11:;n1:;~nW1U ~.J,rU~"LtlU~ 

~ 

'I 'II ~ 

ti,1~ul"il~';):;~nMl~~"1Ja"~1Iui.'Vi1n111L~1a"1Jl1
'I 

lunl11nMl (therapeutics) fl11:;n1:;~n
'II 

'Vi1Ufll rJ'V\ &r",;)ln~ alnl1~"n~11i.flLn~;JuLL~l 11:ui.un.Jnl1~nMl L~ rJ1nUn ~i,nnl1El Eln 

f1'YlRan a~n111L~1El"1Jl1~an1:;~n LYlfll~Ln~~1111L~flJULL~:;~1:Ul1t:lttlLaln111 L~1fl"lJl1'ttl 
'lJ 

",~ 1""~.¥ 0 ~ vr~U1LtJU(Jl1nMl~thrJ11~n1:;~nW1U L~ LUElU1~~ Unl1f1nM1~1.JU,;):;'Yllnl1Yl~~fl.J'Y1~
'lJ 'lJ 'I 
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1'U,~~lY1~~tl~ (in vivo) LL~:;1'U,'VI ~ tl~Yl~~ tl~ (in vitro) 1~ rJ L~lI ~'U,-;Ulnnl1~nMl1 'U,'VI'U,LL1Y1 L~f1 
'U 

~LL~:;L~f1L~ rJ~-;u:;nn,ynlb1~Ln~1l11:;n1:;~n~1'U,ri tl'U, 1~ rJnl1~~ ~ tlllti~L~f1tl eJnLL~:;~nV\'U,
'U '\I '\I ~ '\I 

Ll'U,l'U, 90 l'U, ,nntf'U,~~1~!l111LT11tl"lJl1~"lJ'U,1~ 10, 1"00 LL~:; 1,000 ii~~n111/n1~n111 
J1V\uni1/l'U, 'U,1'U, 90 l'U, LL~:;~~~111l~~111iiL~tlf~1~ G) ~L~rJ1,ytl~nUn11LU~rJ'U,LLU~~ 
"lJ tl~n1:;~n L~:;~~~111~11n111 Lfl1eJ"lJ11 ~11111n1nM11l11:;n1:;~n~1'U,L<11v\1eJLaJ -;U1nJ'U,~~

'U '\I '\I ~ 

~nMln~Lnnl1tl eJnr]Y1R"lJ eJ~ ~11~n~n111 Lfl1tl"lJl1~ eJ Lsn~ Gfn1:;~n"lJ tl~v\'U,LL1Y11'U,V\ ~tl~'Yl~~ tl~ 
'\I '\I 

1'U,1tlU 6 L~ tl'U,ii'-;u:;LiJ'U,nl111rJ~llU~ rJ1nUv\'U,LL1Y1 L~f1Lij rJ~-;u:;nn,ynlb1~Ln~1l11:;n1:;~n
'\I '\I '\I 

~1'U, 1~rJn11~~1~LanLL~:;~nv\'U,Ll'U,lU 90 l'U, -;Uln,fu~~1~n111Lfl1eJ"lJl1~"lJ'U,1~ 10, 100 
~ '\I 

LL~:; 1,000 ii~~n111/n1~n111 J1V\uni1/1U 'U,lU 90 l'U, LL~:;~~~111l~n11LU~rJULLU~~Y11~ 
-;u~nlrJi1l1f1"lJeJ~n1:;~n (bone histology) fl1111v\'U,lLLliun1:;~n (bone mineral density) 
~ '\I '\I 

LL~:;1:;~U alkaline phosphaste (bone formation marker) 1'U,5tl~1I 

~mnu~~~~~~~~r~~~n1~, 

L~eJ~nMl~~"lJEJ~nl11~n111Lfl1tl"lJl1 ~ EJn111nM11l11:;n1:;~n~1'U,1 'U,'VIULL1Y1L~f1 
'U ~ '\I 

Lij rJ ~nn,ynlb1~Ln~1l11:;n1:;~n~1'U,1~ rJn11i~1~Lan eJtln 
'U 'U , 

o A Aca,.. ~ ~ ~ 

n1~~1~1" LL"1~113J~lil LLa~n1~1" 1I'Y1 Lntll~ ~~ 


n~~liln (Bone)
ti 

n1:;~n LUUEJltJ1:;,hf1tlJ~v\Ul~~1 tJ1'U,nl1LfI~ eJULv\1"lJ tl~ch~nl tJ Tf1-;U'U, LL~:;1JniJtl~
'U Q,I 'I 

tlltJ1:;1l1 rJ1'U, 1111rt~ LU'U,LLV\ ~~ ~:;~1I Ld1l1~~ ~1 f1tlJ"lJ eJ~11~nl tJ 1~ rJ L1:l. Yn:;LLfI~ L5tlrJ1I LL~:;
'I Q,I 

~ EJ ~~ EJ1~ n1:;~ n LL~ ~:;:i'U,1J1:;n eJU <111 rJ LiteJn1:;~n~ ij1fl1~ ~11~ LL~ n ~l~nU~EJ~"15it~~ eJ 
'\I 'U 

n1:;~nLiteJLLli'U, (cortical bone) LL~:;n1:;~nLitEJ11J1~ (trabecular bone) (11J~ 1) 1~tJn1:;~n
'U '\I '\I '\I 

d I • ~ .c::Ii I. I ~ C&.I &:I • 

L'U,tl LL 'U,'U, ';ij:;~U EJ rJ ~1U Utl n"lJ tl~ n1:;~n 1I"15eJ~11~1:;v\11~ L'U,eJn1:;~nUtl rJ 11 fl1111v\ 'U,1 LL 'U, 'U,~~
'U 'U '\I '\I 

~uLu'U,1f11~~11~~1'U,1V\ru"lJEJ~n1:;~nU1L1rn diaphysis n1:;~nLitEl11J1~~U<111'U,1'U,"lJ€l~n1:;~n 
Q,I '\I '\I '\I 

ij~nMrn:;1U1~Ul~ ~lunuLtI'U,1f11~<inanl tI 'tilv\Ul~"lf1t1n1:;';ijl t1LL1~ 1'U,nl11uJ1V\un LL~:; 
dJU~ElrJ"lJeJ~v\~El~L~EJ~ LL~:;L"lJn1:;~n ~U1IlnU1L1rnn1:;~n~1'U, metaphysis LL~:; epiphysis

'U 'U '\I 


"'" ..,.., a ..,

U1L1 rn'U,un ~~"lJ EJ~n1:;~ n';ij:;v\1I~1 tI Ltl €lv\lI n1:;~ n 

~ 'U' 'I 'U 
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Otophyal" 

0181.1 r 
.plphY8iQ L 

Juri 1 Lfl1'lfif1'l"lJEl'ln1:;~ntl11 (long bone) U1:;nElU~1t1n1:;~n"1jii~LdElLLU'U, LL~:;n1:;~n 
L ttElLU1'l 

~l'U,lh:;n Eluv\~n"lJ El'ln1:;~ n i.~LLri 1) osteoid ~'lU1:;n ElU~l t1fl El ~ ~1 L,;)'U,LtJ'U,~l'U,
'U 

1VH1J 'Y111~n1:;~n~fll1:lJtj~'V\ ci'U, 2) calcium phosphate ~'l El cil 'U,1U"lJ El'l hydroxyapatite
'U ~ 'U 'U 

(3Ca3(P04hCa(OHh) L~ £.I fi:;fi:lJ~l El cil'U,"lf El '111 '1 1:; 'V\ 11'lL:lJ L~n~"lJ El'lfl El~ ~1 L,;)'U, til1~n1:;~n
'U q 'U 

dl~n11LLi1'l~1 LL~:; 3) Lsn~ffn1:;~n ~'l~Elcifi1:lJ"1jii~~1t1n'U, ~El osteoblast LtJ'U,Lsn~ff~'Yh
'U 'U 

'V\,r1~1'U,n11fif1'ln1:;~n osteoclast Llhusn~ff"lJ'U,l~1'V\ru ~'V\~lt1iilLfl~t1~ Yi1'V\,r1~lun11
'U cu 

~~1t1n1:;~n LL~:; osteocyte ~'lLtJ'U, osteoblast ~L,;)1ryL~:lJ~LL~1 L~t1un~hL~lLsn~ff~'l(i1:lJ 
"1jii~dYi1'l1'U,11:lJn'U, d~ElYi11~Ln~n1:;Ul'U,n11~El:lJ ~fl'l LL~:;(i~1t1n1:;~n (bone remodeling 

'U 

.:4 ofl ~ A &' a .;
cycle) sn'l Lu'U,1'1,;)1'Yl Ln~"lJ'U,~ ~ El~L1~l L YHJfl'l (i:lJ~~ LL~:;fll1:lJ LL"lJ'l LL1'l"lJ El'ln1:;~n (Nakamura, 

q 'U 

2007) 

L~t1~U11 osteoblast LL~:; osteoclast ';):;~n11Yi1'l1'U,~U1:;(i1'U,n'U, (1U~ 2) l~t1~fl'U,
'U 

I 

'V\~1t1"1jii~YifllU~:lJn11L,;)1ry (development) "lJEl'l osteoblast L"lf'U, Core binding factor A1 

(Cbfa1) 'V\1El Runx2, Osf2 LL~:; AML3 (Oucy et aI., 1997; Komori et aI., 1997) l~t1fl'U, 

L'V\ 1;;!1'tt,;):;luii~~n1:;~'U,n11LU~ t1'U,LLU ~'l (differentiation) LL~:;n11L,;)1ry (maturation) L~ t1lU 

n1:;~'U,n11~f1'lLU1~'U,'V\~1t1"1jii~ L"lf'U, osterix, osteoponin, osteocalcin, bone sialopactin, 
q 

type I collagen, receptor activator of nuclear factor KB (RANK-L) LL~:; osteopogeterin 

(OPG) Osteocalcin LLfl:; osteoponin ,;):;"lflt11'U,n11(i:;(i:lJLLflfU:ntl:lJ (mineralization) lu"lJm:; 

~ RANK-L LL~:; OPG ,;):;fllUfl:lJn11Yi1'l1'U,"lJEl'l osteoclast L~t1 RANK-L ';):;~unu RANK 
~ 

receptor ~Elciu'U, pre-osteoclast (osteoclast precursor) ~'l';):;i.un1:;~'U, pre-osteoclast 1~ 
'U q 

n~lt1i.uLtJ'U, mature osteoclast ~(i1:lJ11t:lYi1'V\,r1~(i~1t1n1:;~nl~ l'U,"lJrn:;~ OPG (i1:lJ11t:l
'U 

iunu RANK-L l~ Yi11~ RANK-L laj~1:lJ11t:liunu RANK receptor ~ pre-osteoclast l~ 
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~~Ju, pre-osteoclast ~~i.aJ~1:IJ11nLU~fJui.ULUU mature osteoclast i.~ nl1~~lfJn1::<iln';)::
'II 

S1emCell•CFU-M 

+
Mononuclear 

Pre-Osteoclast 

['""_._--_.-..... 

1,25(OHbD:i : 

(VDR) 

PTH 
(PTH)rP-R 

R:ank L 

..-~ Proliferation 

" and 
\ Differentiation 

\ 
Osteoclast 

. '. BONEMATRIX~:;' 

"lJa~n1::<iln M-CSF LL~:: OPGURANKL LUU osteoblast factor ~n1::~unl1Ltl~fJULLU~~ 
'II ~ 

(differentiation) "lI a~ osteoclast 

e1af[:lJu~lf1ru~~U'Yl1Jl'Yllunl1~lUf1:IJ~:IJ<iI~"lIa~n1::<iln ~ a e1E1f[:lJU~111i.'Yl1afJ~ 
.... , ~ 'II 

(parathyroid hormone) LL~::e1af[:lJULL~~:n1<1litu (calcitonin) 1<i1fJe1E1f[:lJuJ~~a~~1'd'';)::.yh 
v\Ul~<1l1~,rl:IJnU 1<i1 fJe1af[:lJu~11li.'Yl1a fJ~,;)::Y]lv\Ul~ ~~1 fJn1::<1lnLL~::e1af[:lJULL~ ~:n1<1lilU 

'IJ 

';)::-rl';wlunl1~1l~n1::<1ln (Jane and Gary, 2001) 
'II 

Bone remodeling cycle th::naU~lfJn1::1J1UnldGil\1 ') ~LLti~aani.~Luu 4 1::fJ:: 

~\ld (1U~ 3)
'IJ 

~ A' 1 '1 .....Resorption phase ~a n1::1J1Unl1~~1 fJLuan1::<iln <iI fJ osteoclast ';):: L"l1~lU"lla\l 
'IJ 

ruffle border ll\1~11J1L1m~ln1::<iln~lu~';)::~nl1~~lfJLdEl n1::<iIn ,;)lnJu';)::V\k~i.n1<1l1L,;)u
'IJ 'IJ 

flElElU, (H+) LL~::V\k\l hydrolytic enzyme L~EI~~lfJn1::<iln .yhliLn<1lnl1U~<iltl~afJLL~~L:nfJ:IJ
'IJ 

'V'JEI~L 'V'J<iI ElEIn:IJl 1u,"lIm::~di<iln1::1J1Unl1~~lfJn1::<iln osteoclast 1l::V\k\l LElU16Jf3J Tartrate 
'IJ 

resistant acid phosphatase (TRAP) EI an:IJl ~\I.yh1iLn<iln1::ulunl1 dephosphorylation 

Ln<ilnl1~~lfJLdan1::<iln 'Yhl~n1::<ilnLn<ilLuu,V\~:lJL~n ') ;Ju
'II 'IJ ~ 

.... aa .... a fi' ~ ~ 

Reversal phase IllfJV\~\I,;)ln'Yl:JJnl1~~1 fJn1::<ilnLL~1 1l:::JJLsn~~L:JJ<ilL~EI<iI"lIl1Vnn 
'IJ 

macrophages :JJ1Ln1Jnu,6Jflnn1::<iln ~n~:JJ mononuclear cells (pro-osteoblasts) :JJlrJ\I 
'II , 

~lLLV\u,\I~ ~nl1~~1 fJn1::<iln LL~::Li:IJ L,rl ~n1::Ulunl1~fl\1n1::<ilnGi EILU 
'IJ 'IJ 'II 

~ .... 1 .... fi'
Formation phase ~ a n1::1Jlu,nld~1l\1n1::<iln <iI fJ osteoblast 1l::~\lLfl1l::v\ LL~:: 

'IJ 
• '" Ia.; .., ~ QJ OJ Q.; , ~ 

V\~\I osteoid ~a:JJ1E1U<1l1LEI\I v\~~1llnUu,,;)::~~\I pyrophosphate LL~::LL~~L6JffJ:IJ aan:JJl 

';)u,n1::rY\lflll:IJ L,r :JJ,rU"lI a\l LLfl ~ L:nfJ :JJIll fJuan L6Jf~ ~~\lLn unll~,;)::~::~l fJL~ osteoblast 
'II 
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';ij::'V\~" lElU,L6Jl'3J alkaline phosphatase ElEln:JJ"ll~E1~,nrJ (hydrolyze) pyrophosphate YhL~ 

ln~nlj~::~:JJ~l"lJ El" LLfI~ L6UrJ:JJ ~"IiEl"ll"j::'V\ll"L:JJ L~n~"lJ E1"fI El~ ~"I L';iju, ~"L1rJnn1::Ulu,nlj, 
Ull mineralization rllL~ osteoblast fi EI rJ G) rln~u,1~E1 E1n'Vh"';ijln~ln1::~n LL~l LlJ~ rJu,LlJ 

~ ~ . 

LUU, osteocyte 

Quiescence phase LUU,j:: rJ::l1l rJ'V\ ~"';ijln~ Ln~nj::Ulu,nlj~1l"n1::~n L~1';ij§U,LL~1 
~ 

(Hill and Orth, 1998; Nakamura, 2007) 

I Quktsoence > 
'--1=Re-so-r-Pt""""rc-n--> 

Reversal> 
Fonnauon> 

I Mner:aUsatkm> 
Endosteal sinus I Qu/.6sceOoe > 

Old bone 

stem cells 

Oste(}clast 

New bone 
Osteoid 

800e lining celts 

Hemopoietic Cement line 

Osteocytes 

"nJYi 3 LL~~"n1::Ulu,nlj bone remodeling cycle ~"lJj::n E1ucKl rJn1::1Jlu,nlj~~lrJn1::~n
~ . ~ 

L~ tJnljrll'V\Ul~"lJ El" osteoclast LL~::nd::Ulu,nlj~1l"nj::~n L~ rJnljrll'V\Ul~"lJ El" 
~ 

osteoblast 

Bone remodeling cycle LUu,n1::1Jlu,nlj~Ln~;tu,~~ El~1 Ll~l ~"LL~hn~';iju,~l rJ LUU, 

nj::lnu,nlj~1~ru~rll1~nj::~nijnldL'<\l1ruvr~U,1 LL~::6JiEl:lJ LL6Jl':lJnj::~n1~ijflll:lJ LL;J" LL1" El ci .... ~.... ~ ~ 

L~:lJEl nl ij fill :lJ ~~t1n~iLn~;tu,nun1::1Jlu,nl1~"n~ll L"Iiu, Ln~n1::ulu,nlj~~1 rJn1::~n 
~ 

I IV 0 1 '110<::1 0<::1 ~ 
:JJlnnllnl1~11"n1::~n ';ij::rl1 'V\:lJnl1~ruL~rJLu,E1n1::~n :lJl~n1::~n~~~" LL~::E1l';ijrllL~Ln~ 

~ ~ .... ~ ~ 

llll::n1::~ny.nuL~1u,~~~
~, , 

1111::n"i::fPlncw"i," (Osteoporosis)
ItI , 

~ d ~ I ~ 'i.I ~&:! 
nj::~ny.nu fI El l1l1::'Yln1::~n:lJfl1l :lJ'V\U1LLUu,"lJ El" Lu,Eln1::~n~~UEl rJ~" j1 :lJ'Yl" :lJnlj 

~ ~ ~, 
LlJ~ rJU,LLlJ~,,"lJ El"1f11" ~1l"j::~1J';ij~111f1"lJ El"L iiElL~ Eln1::~n ~,,~~1~n1::~nLlJ11::Ul" L:U, ~ ~ 

~1:lJl1rrrU,rl'V\,rn 'V\1ElLLj"n~ILcK~1:lJt1n~ rllL~nj::~n~ni.cK~lrJ (Kanis et aI., 1994) 1~rJ 
~ 

~lLL~ti"~~ntlElrJ LcKLLn nj::~nffu,'V\~" (spinal vertebra) n1::~n~::1~n (hip) LL~::n1::~n 
~ ~ ~ 

,rEl~El (wrist) n~Ln1UnljLn~l1ll::nj::~n~ju,,fu,Ln~LcK';ijln~El"n~i.ncKl rJnu,~El 1)Ln~';ijln
~ , 

.r d 0<::1 ~.r I L'11A ....

bone turnover ~""lJU Lu,El"';ijlnn1::~n:JJ remodeling unit L~:lJ:lJln"lJU ~,,~~ 'V\Ln~E1~jlnlj 
~ ~ 
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J' I a 1 "'" "" 
,nn£Jn1~~n:J-nn"lJUnl1lJn~ LL~~2)Ln~r;nnn1~lJl'UnT'J bone remodeling cycle imbalance 

1~£JV-J1Yhdl~n1~Ulunl1 bone resorption :lnnnl1 n1~Ul'Unl1 bone formation ~~nl1Ln~ 

1l11~n1~~nYnu,r'U ElTilLn~,;)lnn~i,nl~n~i,nVlrt~ Vl1El Ln~"i)ln~~ tlEl~n ~i,n~h;1J11'Uni,~
'U , 

(Compson, 2001) 

eIElf[:JJULEltl1~1L,;)U ~'Ul'lUTYl~1~ru~Eln1~'Ulunl11nliltl:JJ~~"lJEl~n1~~n (Compson 
.... , 'U 

et al. I 1990) 1~ £JLEltll~1L"ilU~tl'Yl1fiTu ff~nl1rh~lU"lJEl~ osteoclast 'Yll1iLn~n1~'Ulunl1 
bone resorption ~~~~ "illn~n~11i,tJLL~1,yl~~'U,11 n1~'Ul'Unl1 bone remodeling cycle Ln~ 
"illnl1'Yh~1'U"lJEl~ osteoblast LL~~ osteoclast ~'Ul'H6Jf~~~~tlEl~"1l'it~ ~~Tr'U"lJEl~eIEl1L:JJ'U, 
LEltll~1L"il'U, (estrogen receptors) ~~"1l'it~LLEl~y.h (estrogen receptor alph'a; ERa) U~~LU~l 
(ERP) (Bland, 2000) 6i1~eIElf[:JJ 'ULEl tl1~1L"il'U,"il~tll :JJl1t:lLL~~~tl'Yl1fl'U,nl1~lU~ :JJnl1'Yh~lU, 
"lJ El~ L6Jf~~~~ ~El~"1l'it~i.~ 1~ £Jnl1iunu ~11'U"lJ El~ LEl tll~1L,;)'U, Ld El~1l11~~1El~eIElf[:JJ'U, 

a '1.' J' 
LEltl1~1L'iI'U, 'iI~:JJnl1tl11~ cytokines ,;)In osteoblast LL~~ osteoblast progenitor cells :JJln"lJ'U 

cytokines LVI~Ttrt~LLn interleukin - 1 (IL-1), interleukin - 6 (IL-6) LL~~ tumor necrosis 

factor - alpha (TNF-a) 6i1~~'Ul1 cytokines LVI~Td'il~~~~'Yhli osteoclast ~Ell£J£Jl1U1U, 
J' 0 '] '1.' "" i,a 1 ofl VI '1.' J'
"lJ'U, U~~'Yll LVI progenitor cell L,;)1ry uLu'U, mature osteoclast L~:JJln"lJ'U (Huges and 

Boyce, 1997; Jimi et aL, 1996 ) ff~~~YhliLn~n1~'Ulunl1tl~1£Jn1~~n:J-nnif'U UEln'illnU 
'U 

rT~'Vi'Ul1 eIElf[:JJULEltll~1L"iluiT~ ~ ~~~ Elnl1'Yh~lU"lJ El~ osteoblast 'ViUl1eIEl1L:JJULEl tll~1L,;)'U 

n1~~uli osteoblast tlfl~ type I collagen :JJlnif'U, (Nakamura, 2007) LL~~iT'Uff~nl1Ln~, 
Aa I ~ 1 .,fda 0']'1.'

n1~'Ulunl1 apoptosis "lJEl~ osteoblast L:JJEl:JJ1l11~~1fl~eJEl1L:JJULEltl ~1L,;)U"lJU'iI~:JJ~~'Yll LVI 

n1~U1Unl1 bone formation Ln~ifu,rElfJ~~ ~1£JLVI~~~~~n~11 LdElL,ylfflfJVI:JJ~tJ1~~lL~ElU
, 'U 

~~'Yh1~Ln~~11:JJi,~tl:JJ~~"lJ El~n1~Ulunl1 bone remodeling cycle ifu rh1i~nl1tlruL~£J 
, 'U .... 

:JJl~n1~~n:JJlnnl1un~ LL~~Luul1';)i£J~1~ru~rh1~dl~n1~~n'Vi1U~1 :JJ:JJl 
'U III 'U , 

1l11~n1~~n'Vi1uLiJU[nl~~i,aJ ~1 :JJl1t:l1nlilliVll £J"lJl~i,~ LL~ tll:JJ11t:lVl £J~ ff~nl1
'U , , 

tlruL~£J:I,n~n1~~ni,~liLn~ L Yi:JJ:JJlnifu LL~~~~eJ~11nl1Ln~n1~~nlKni,~ ~~,runl1iJ El~nu~~ 
'U'" 'U 'U 

LuuiTInl1~~~ tl~ LL~flUffl'U,1Vlruirni.3JL~'U,~11:JJ ~1~ru~'iI~iJEl~n'U,i,3JliLn~1l11~n1~~n'Vi1U 
, ... ... 'U , 

1~ £J nl1El Elnnl~"nl £J 1'Ulh~'YllUEllV111~ ~m:JJl ru,LL~~ L6fi£J:JJ~ L~ fJ"'Vi El VI~nL~ £J"nl1~:JJ 
L~~El"~:JJLLEl~n EleIEl~ LL~~"~ ~'U'UVI~ ~1'U,1U~VI fij,,~ ~,h~~1~L"ll El Eln LL~~~VI fij"l£JVI:JJ~ 

'U , 'U .... 'U .... 

U1~~lL~ Elu6i1~~1l11~'Vi1El"eJElf[:JJULEltll~1L"ilU ';)~1~eIElf[:JJULEl ~1~1L,;)u'Yl~LL'YlU (estrogen 

replacement therapy) 'VilJl1nl1ltXeIEl1L:JJULfl tll~1L,;)u'Yl~ LL 'YlUtll :JJl1t:l~~ ~'lJl1nTHuLn~ 

n1~~nlKni.~ (Tongeson and Bello, 2001) LL~Ell'i1'YhltXLn~~~,yl"L~fJ"~LUUelU~11~ i.~LLn 
'U 

nEll~\n~:JJ~L1"L~lU:JJ :JJ~L1"LmEllJ1'Vi1~:JJ~~n :JJ~L1~~El:JJ~nVl:JJln LL~~L~£J"~El1l11~~:JJL~El~ 
, 'U 'U 

El~~U (Sulak 1997; Canavan and Doshi, 1999; Lissin and Cooke, 2000; Fontanges et , 
aI., 2004; Smith, 2006) LUU~U ~1~~1~VI,rnii,,~~,yl"L~£J"~Ln~if'U,~"n~11 ~"i.~ij 
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nTl~nMl i~rJ llf;'l:;f1Ufll1 rJl ~1i1nMl ~1EliJ a~nUfll1:;n1:;~nVf'lU l~ a~~nl~ rJ~ 
'lJ ~ 

~f;'l,yl~l~ rJ~~al';) ln~,rU a"urta~3Jl,;)lnnl11ieJaf[3Jula~1~1L,;)'U,'Yl~LL 'YlU i1,;),;)u'U,rJl~1,n 'U, 
~ 

I ~ 

nl11nMlfll1:;n1:;~nYnU~13Jl1tlu1.J~i.~dJ'U,~a~n~3J~ a 
'lJ ~ ~ 

1) n~3JYi iJu iJ~n1:;lJl'U,nl1~f;'l1 rJ 
~ 

n1:;~n (antiresorptive agents) i.~llri bisphosphonates ~~dJ'U,rJl~~13Jl1tl iJu rf~ osteoclast 
'lJ 

I 

n1:;~nf;'l~,rarJf;'l~ (Papapoulos, 2008) 2) n~3JYln1:;~un1:;ul'U,nl1~11~n1:;~n (anabolic
'lJ ~ ~ 'lJ 

agent) 1~ rJ rJln~3J.nijl~tlU1:;~~fllunl11il~ eH ~3J3Jl~n1:;~n rJl1un~3Jit~~llri eJaf[3JU 
~ ~ 'lJ 'I 

~111i.'Yl1arJ~ (Parathyroid hormone) ~~~lJl1eJaf[3JU~111i. 'Yl1a rJ~~13Jl1tll~3J 
I 

n1:;ul'U,nl1~11~n1:;~n1~rJnl1n1:;<1lU osteoblast activity ~13Jl1tlL~3J'iijl'U,1'U,"lJa~
'lJ 'I 

osteoblast ll~:;iJlJrf~n1:;lJ1Unl1 apoptosis "lJa~ osteoblast cells i.~ (Deal, 2009) ll~~lJ11 
eJaf[3J'U,~111i.'Yl1arJ~ij~~,yl~L~rJ~ ~a 'Yh1iln~alnl1i~LlrJ'U,f'l1M:; fl~Ui.~ lL~:; all~rJ'U, 

Uf;'l:;~~~i.~iJ~i.3JlLu'U,a'U, ~~ iJ~i.3J LU'U, ~itrJ3J~,;):;Ul3Jl1,nunl11nMl11fln1:;~n~1'U,
'lJ 'I 

'U,an,;)lnilrJl~1,nunl11nMlfll1:;n1:;~n~1'U,~~~a~n~3J iJ~ij11fll~~ u~:;<1la~U'H,yl,;)ln
'lJ 'I 'I 'lJ 

~l~lh:;l 'Ylf'l 'Vb1i~~ijfll1:;n1:;~n~1ui.3J~13Jl1tl L,yln~ rJli.~a cil~rtln~ l~rJLu~l:;
'lJ 'lJ 'I 

u1:;"Ifln1i. 'Yl rJ~l'U,1~ni ~ij;)lu:;rnn\l'U, ~~,ru~~ LUU~ul~u1';)1'U,nl1~nMl~3J'U,i.~1rla~~U 
~ ~ 'I 

fll rJ1UU1:;l 'Ylf'l L~avr~ulLuUrJl1unl1U a~nULL~:;1nMlfll1:;n1:;~n~1U L~ a~~<1l'U, 'Yl'U,1'U, 
'lJ 'I 'I 

nl1~~~ lL~:;nl1U'H,yl rJl,;)ln~1~U1:;L 'Ylf'l ~n~~~13JT'ltlUli.u1inUU1:;"1fl"1f'U,i.~a cil~ 
L~3Jl:;~3J LL~:;i.3Jij~f;'l,yl~L~rJ~ 

rH~'2Iv\Jlvr'1$yJ~1Fn~ (Isoflavones) Givn")~~n
!II 

i.alsnvJf;'l111uLuu~T'li.vH~Lf)~1~1L,;)'U, ~~u3Jln1'U,Yl"1f L"lfU tlL~~a~ ijlfl1~~11~ 

LL~:; fl m~3J U~ 'Yll~iil L fl ij L"lfUL ~ rJl n U eJ a 113J UL a ~1 ~1L ';) 'U, 'ta16JfvJ ~111 'U, i.~u ri daidzin, 
'I 

genistin, daidzein, genistein Ll~:; puerarin ~13Jl1tl~lJnlJ<1l11U"lJa~eJan3J'U,La~1~1L,;)'U,i.~ 

L"lf'U,L~rJlnueJf)f[3J'U,la~1~1L,;)u (Murkies et aI., 1998; Chen and Anderson, 2002) 't~ij 
.,s I i. 1 GOI 1 &lI 'V 'V .,s 1 J'

nl1f'1nMl~Ul1 a 6Jfl"i~1 lU3J~~n1:;~unl1~11~n1:;~n ,;)lnnl1f'1nMl ~rJnl1L ~l::Lf;'lrJ~ 
'I 'lJ 

A' .d ........ 6 

LUtlLrJan1:;~nnu genistein ~1::~lJfl113J LiT3JiTu 10- _10-5 13J~Tf ~13Jl1tl L~3JU13Jl m 

'lJ 

LLfl~L6TI'rJ3J1uL'd'aL~a LL~::L~3J alkaline phosphatase activity ~~dJU bone formation marker 

't~acil~ijUrJffl~rY'Yll~~n~ (Yamaguchi and Gao, 1998) lLf;'l::L~a'Yhnl1rTf)3J osteoclast 
'V d ofl 1 I dI 

~lrJ tartrate - resistant acid phosphatase 6Jf~Lu'U, bone resorption marker ~lJl1 'U,nf;'l3J'Yl
'I 

i.~1lJ genistein ';):;ij'iijlU1U"lJf)~ osteoclast ~~~~f)cil~ijUrJffl~rY'Yn~~n~ (Gao and 
.,s 1 6' l.d .¥

YamaguchL, 1999) U~:;,;)lnnl1f'1nMl UL6Jf~~n1:;~nYnJl1 L3JaL~l:;L~rJ~ osteoblast 
I...... d 'V 

'lJ 

'V -6 -51 6' ~ 
MC3T3-E1 113JnU genistein U~:; daidzein 'Ylfll1:IJL"lJ:IJ"lJU 10 -10 3J~11 ~13Jl1tlL~3J 

1 
alkaline phosphatase activity LL~:; L~ 3JU13Jlm~hf)ULf)1 ULsnf;'l ~1~f) cil~ ijUrJ ffl~ty'Yll~ ~n~ 

~I I .d J'
(Sugimoto and Yamaguchi, 2000) Uu 2007 Zhang LLf;'l::flm:; ~Ul1L:lJaL~rJ~ osteoblast 

113JnlJ puerarin ~fl113JL,y:IJ,yU 10 LL~:; 25 i.3J1fl11:IJ~/~~1 ij~fH~3J'iijlU1UL6Jff;'ltf LLf;'l:;L~3J 
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alkaline phosphatase activity L~Elrh.JiJ,:r£J~lflfY'Yn.J~n~ LL~::'iil1nnlj~n'Ml"lJEl.J Ishimi 

LL~::~rn:: LUU ~.~. 2000 ~Ui1 nljLi genistein "lJU1~ 0.4 LL~:: 0.7 mg ~EllU U1U 4 

~U~l1~ LU'V\U"lJ11 L~~ LiJ £J~rln ~~1.JL,j ~Ul1 ~1 :JJljrlU El.JnunTj"~ru L~£J:J-.I1~nj::~ n"lJ El.J 
'U 'U 'U .., 'U 

nj::~n~U"lJli.~
'U 

~ 

nd1dL~'iu'!l1d 

n111L~1El"lJl1 lUU~"lH.~:JJUL~j~~UL~rt1LULUUj::L 'Yl~L 'Yl £J, iJ~El'Yl1.Ji'Yl£J1~1~~fl1 
Pueraria mirifica Airy Shaw & Suvatabandhu LtJUL~LifEl£J LL~::iJ~lElciL~~ULYlEl~::~:JJ 

'U 

Ell'V\lj ~lU~l"lJ El.Jn111L~1El"lJ11 rlnlb:JJ1Li\UUrJ1LL~UlUj1lli 1~ rJiJl~rlUj::~.JflL'~El
'U , 

'Yl~LL'YlUe:JElfl:JJULu~'V\ru.Jl£J'V\:JJ~Uj::';ih L~ ElU iJEl.JnU~:JJ11.J LL~::LiLtJU~lU~~:JJLU~1:JJ"lJ £J1 £J
'U .., 

'Ylj1.J Eln dJU~U n111 L~1El"lJ11 ~1 :JJ1jrl El Elntl'Yllf~ Elj::UU~U~UTI, LflL'V\!i ElunueJElfl:JJu 

LEl~l~jL'iilU 'iillnnlj'Yl~~ El.JLi ~ljLL"lJ1U~ El £Jn111L~1El"lJ11LLrii~1'Yl~~El.J ~Ul1n111 L~1El"lJl1 

~1:JJ1jrlLUnj::~unljL 'iil1fU"lJ El.J L6J1~ ~Lri ElU :JJ~~n LL~::L6J1~~Lri Eltl ~,:r.J"liEl.J~~ El~L U 'V\ULLj'Yl L~~ 
, .., , 'U , 'U 

LiJrJ~rln~~1.JL,j (Malaivijitnond et aI., 2004; 2006; Cherdshewasart et aI., 2007a)
'U 

fil:JJljrl~~j::~U"lJEl.J~~Lu6fi.JeJElfl:JJU (luteinizing hormone; LH) LL~::~El~L~~~~:JJL~~.J 
'U 'U 

elElfl:JJU (follicle stimulating hormone; FSH) 1U'V\ULL j'YlL ~~~LL~::L~~LiJ £J (Malaivijitnond et 
'U 'U 

aI., 2004) LL~::1U~.J'V\l.J rJ11L ~~LiJ rJ (Trisomboon et aI., 2004; 2006) LL~::~Ul1~1:JJ1jrl 

UjjL'Yl1El1nlj1l1 rJ'V\~.J'V\:JJ~Uj::·;ih L~ ElU1U~'V\ ru.JlrJ'V\:JJ~th::'4l'H~ ElUL~ L "liu Elln1jfElUTIJ, 'U .., 'U 

11U 'V\1ElUElUL:Jj'V\~UL~ LUU~U (Muangman and Cherdshewasart, 2001) uEln'iil1ndrT.J 

Y-lUl1n111 Lfl1El"lJl1 ~1 :JJljrl rTu rT.Jn1jL'iil1fU"lJ El.J :JJ::L1.J L~lU:JJ1 U 'V\ULL jYI L~f'ILiJ rJ~rln"lTnlb~l £J 
.., 'U 'U 

~ljnEl:JJ::L1.J 7,12-0MBA L~Elcil.Ji:JJ~uTInU"lJU1~"lJEl.Jn111L~1El"lJl1~1i (Cherdshewasart 

et aI., 2007b) LL~::LrlEl1i~lj~n~n111L~1El"lJ11~~n~~lrJLElTI~LLEl~nElelEl~ ~"lJU1~ 100 LL~:: 
1,000 L:JJ1~jn1:JJ/3J~~~~j ~Uil~1:JJljrlLurTurT.Jn1jL'iil1ty"lJEl.JL6J1~~:JJ::L1.JL~lU:JJ MCF-7 1'U 

'V\~El~'Yl~~El.JL~ (Cherdshewasart et aI., 2004) LL~::LrlEl~n'M1'~'ML4'El1.J'iil1nnlj1in111L~1El 
"lJ111'U"lJ'U1~ 5 LL~:: 1 00 3J~~n1:JJ/nl~n1:JJ/l'U LLn'V\ULLj'Yl U1U 6 L~ El'U ~Ul1n111Lfl1El"lJl1 

'U 

L3JLL~~.J~11:JJltJU~'M ,rU~El L:Jjii~~~Elnlj'rll.J1'U"lJEl.J~U L~ LL~::Jl'V\,:rnEllrJ1::~U~'UTI, LL~:: 
Ell£J1::1l1£J1u (Manosroi et aI., 2004) LL~::L:JjnEl1iLn~nljj::~lrJL~El.J~El~1'V\,:r.J1unj::~lrJ 

LL~::'V\'U~::LIl1 (Cherdshewasart et aI., 2003) 
'U 

'iil1n.J1'Ui..ijrJ~~.h'U:JJ1~Ul1 ~1"lJ El.Jn111L~1El"lJl1U1::n ElULU~l £J ~11L~1~LEl~1~1 
L'iilU'V\~lrJ"lfit~ ~~U:JJlnL~LLri n~:JJ"lJEl.JLEll6Jf~~111U ~.JU1::nElU~1£J daidzin, daidzein,, 

~I .....genistin, genistein, puerarin LL~:: mirificin Lu'U~U (Chanakaow et aI., 2000; Ingham et 

aI., 2002; Cherdshewasart et aI., 2007a; 2008; Urasopon et aI., 2008b) ~.J~11LEll6Jf~ 
~111'UL'V\~ld iJjl rJ.J1Ul1ii ~~n1::~'UnljL'iil1ru"lJEl.Jn1::~n ~.J~L~n~11LU LL~l,rl.J~U 'iil1nn11 

, .., 'U 

~n'M1i..ijrJ~ ~lU:JJ1~Ul1 n111 Lfl1El"lJl1~1 :JJ11rl~~1::~U"lJ El.JeJElfl:JJU~ljlL'Yl1El £J ~ LL~::j::~U 

LL~~L6firJ:JJ1u6fif:JJ 1U~.J'V\l.J rJl1 LLri L~~LiJ rJL~El ci1.J iJUrJ ~lflty'Yll.J ~n~ (Trisomboon et aI., 
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2004) LL~::~enn Urasopon LL~::tlm:: (2007 LL~:: 2008a) L~yhnld~nMl~~"lJe:h'lnldl~ 

nl11 LtI~El"lJl11'1UYi1l1 ~V\tr"',;)lnnld~~ ~ El:JJU'" L~ f'lEl Eln (~~1'"L,jlUv\UL ~f'lLij ~ LL~::~~5mGVJ:: 
'U 

El Eln1UV\ ULLd'Yl L~ f'I ~ LL~::~ u£T",L:J..iL~LLr.~~"'1l11 ::nd::~n ~dU) LiJ UL1 ~lU1U 90 1U V-nJl1v\ U 
'U 'U 'U 'U ~ 'U 

n~:JJtllUtl:JJ~~~~ El:JJU'" L~f'lEl ElnLL~::L:J..iL~1unl11Ltl1El"lJl1LL~~\l1l11::nd::~n~du LL~::~Ul1 
'I q 'U 'I 

nl11 Ltl1El"lJl1~1:JJldrliJ El",nu (prevention) nld~ru L~~ :JJl~nd::~n LL~::tll1 :JJ~U1LLliund::~n 
'U '" 'U 'U 

"lJEl"'nd::~n~lUd~l"'rl (long bone) LL~::nd::~n~lULLnun~l'" (axial bone) lu~uyf"'~El"'L'Wf'I
'U 'U 'U 

L~El cil\1ij,r~ ~lf1ru'Yll\1~ti~ 1~ ~;rUEl cinU"lJU1~"lJ El",nl11 Ltl1El"lJl1~1~ LL~::L:J..i iitll1:JJLL~n~1'" 
'" 'U 

nUd::v\11"'L'Wf'I ,;)ln~~"'lunldi~~yf\l~:JJ~ii'~1:JJldrl~';)::~dtlL~11 nl11Ltl1El"lJl1~1:JJldrl 
q 

LL~~"'~~~Elnd::~nL~L"1iuL~~lnutJElf[:JJuLEl~1~1L,;)u JU~El nl11Ltl1El"lJl1~1:JJldtliJEl\lnu 
'U 

(prevention) nldLn~11t1n1::~n~dui.~ LL<11 Elcil"'i.dn~l:JJ~l ~~1dtln1::~n~1U~1:JJ11tlLn~i.~ 
'U q 'U 'I 

El cil"'~ El ~dJU~El ~i.tl l~~i.:J..iii EllnldLL~~'"l~L~u';)unl1,;)::Ln~~1l11:: ' 

n1::~n~nLL~1~lh~n"',;)::1~1 LL~::L"lJl1tJnld1nMl ~"'nl1Ln~trnMm::~"'n~11Luunl1 
'U 'U 'U 

Lu~~uLLtl~"'~~ln~,;)::LLn1"lJ LL~::,rni~~~11~nfhtr",:J..i"'L,xu~nMli~~L~Ell~1~:JJ1~"'~1~li 
'I 

lunl11nMl1l11::nd::~n~du LL~::,;)ln~ii11~"'lul1nl11LtI~El"lJl1 iiflru,~:JJu~lunld£Turf\l
'U 'I 'I 

nl1Ln~LL~::nldL';)1GJ"lJEl"':JJ::L1"'L~lU:JJi.~~1~ (Cherdshewasart et aI., 2004; 2007b) ~"'LUU 
,yEl~~Lv\UElnl1nl11itJElf[:JJUL~f1ti", Ltldl::~ ~\I,rU~'" LUU~lil~ul';)~';)::~nMl ~~"lJ El\l 

~:JJUi.~dnl11Ltl1El"lJl1 1Unl11nltl (therapeutics) 1l11::nd::~n~1U1l1 ~~~"',;)ln~Ellnl1
'I 'U 'I 

~"'n~11i.~dl~;rULL~l l~~nld~~<11 El:JJU"'L ~f'I"lJ El"'~U-rf"'~El"'L~f'lElElnLL~::~n~ui,lU1U 90 lU 
'U 'U 

L~El-nntt1l~Ln~1l11::n1::~n~1U LL~1~"''Yl~~El",1~nl11Ltl1El''lJl1 11:JJi.1Hi"'nld~nM1L~~lnu 
'U 'I 

n~i,nnl1El Eln'l'YlR"lJ El",nl11 Ltl1El"lJl1<11 Elnd::~n L~ Ell~Ln~tll1:IJL~ElaTULL~::~1:JJldrlU1LEll 
'U 

nl11Ltl1El"lJl1i.tJ~~U1LtJu~11nMl~lh~11t1n1::~n~1ui.~luElult1~ 
'U 'U 'I 

.A ..... 6" a 0 ..... 0 ..... 

~ULL1'YlL~f'lL:IJ~ ~l~'WUll Sprague - Dawley Ell~ 2 L~ElU ';)lU1U 70 ~1 ';j)ln~lun
'U 'I 'I 

ti~i'Yl~~ El"'LLvI\I"lfl~ :JJ~li'Yl~ltr~:JJ~~~ Ul:JJl LtrJ",i.l~L1ElULtrJ\lti~1'Yl~~El'" tim:: 

i'Yl~l~'I1~~f ,;)Wl~"'n1nt:JJ~li'YlrJltr~ tllUtI:JJElru,~llij~ 23 - 25 El\lf'llL6Jf~L:a~~ i.~11JLL~\I 
'I 'I 'I 'U 

~11'" 12 il1:IJ'" (06.00 - 1B.00 u.) LL~::~~ 12 il1:JJ'" (1B.00 - 06.00 u.) i,~11JJ1LL~::Ell~ld 
~lL1';)dU (S. W. T. Co., Ltd, ~:JJ'Yl1U'nnl1 U1::L'Ylf'li,'Yltl) ~~El~L1~l ';)un1::rt",~uiiEllt1t11U

'U 'I 'U 'I 

~lL~ElUtI~'" ~"'LU~t1U:lJl1~Ell~11~lL1,;)1U~i,:JjiittlL~~El"'LUU~lUUd::nElU (soybean - free 
'U 

diet) CC.P. 082/SBF, Lot No. 080101, ~:JJ'Yl1tl11nl1, thl::L'Ylf'lL'YlrJ) L~Elfh~~i1,;)~rJ11JnlU
'I 

,;)ln~ldi,yJl~LEl~l~dL,;)U~~1J:JJlnluttlL~~El'" (~111"'~ 1 LL~:: 2: Urasopon et aI., 200Bb) 

L~El~uiiEllt1t111J 6 L~ElU LnUL~El~,;)ln~11';) fhV\u~l~luii'Luu Do "lJEl"'nld'Yl~~El'" 
'U 'I 

28 



GlT'j1\1~ 1 LL~~h'lm:JJl ru,i.Ell6jfy.J~111ulUEll~ljLtlL1"iljtl:JJ1<ilj~lULL~~Ell~TH~lL1"iljtl~i.3Jn
'U..., 'U 

tlL~~El~LtJUfflutlj~nEl1J (Usasopon et aI., 2008b). 

Sample 

Rodent diet (C.P. 082) 

Daidzin 

Isoflavones (mg/1 00 g sample) 

Daidzein Genistin Genistein Total 

Lot no. 2 

Lot no. 10 

Lot no. 18 

Lot" no. 21 

Lot no. 24 

20.7±0.6 

12.2± 0.2 

26.2±0.9 

13.7±0.8 

18.8±1.8 

10.2±3.4 

4.5±0.6 

9.1±1.0 

5.4±0.3 

10.0±0.2 

38.6±2.6 

20.7±0.9 

36.2±1.1 

22.7±0.8 

28.8±3.5 

1.4±0.7 

1.2±0.3 

0.9±0.6 

0.8±0.5 

0.4±0.1 

70.9±3.0 

38.6±2.9 

72.4±3.7 

42.5±0.8 

58.0±5.6 

Soybean-free diet (C.P. 0.9±0.1 3.0±0.1 2.2±0.1 nd 6.1±0.2 

082/SBF) Lot no. 050119 

nd =not detected 

GlTi1\1~ 2 LL~~~fflUlh~nEl1J~h~ ") lUEll~ljLtlL1"iljtl:JJ1<ilj~lULL~~Ell~ljLtr"IL1"iljtl~i.3Jntl
'U..., 'U 

L~~El~dJUfflutlj~nEl1J (Usasopon et aI., 2008b) 

Ingredients Percentage of diet 

Standard rodent diet Soybean-free diet 

Moisture 6.69 4.64 

Protein 27.6 28.9 

Fat (Ether extraction) 2.45 2.94 

Fat (Acid hydrolysis) 8.36 10.8 

Fiber 3.69 2.98 

Ash 5.98 4.52 

Calcium 1.17 0.91 

Phosphorus 0.93 0.792 

Sodium Chloride 0.51 0.44 

Vitamin 0 4,000 i.u. I kg feed 4,000 i.u. I kg feed 

L Y1Elfll1JfI:JJnljL ~:JJ;1uen El~Jl~,rnil~U~"il~Ln~"illnnlji~1~i.,j (Mcelroy and 
~ 'U 

Wade, 1987) Ell~ljLtlL1"iljtl~1~lu~u~i~1~i.,j"il~t111J<ill:JJV\un~:JJ sham-controll~[Jrilj'Yl
'U 'U 'U ~ 

~~ El~1u~~rr'Yl~~ El~flf~it"~(:.hunlj~"illjru,l LL~~Elu3TGinlj1i~~l'Yl~~ El~"illnflru,~njj:JJnlj
~ 
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cv 

TlllJTl:JJ~LL~nTH~th'l LL~:;nl11i~'irrLYl EhnU'Yll~iyltJl~l~<?1f
'I 'IJ 

rr "'" CV 

'il'Yn~~n1m:JJv\11Y1tJl~tJ (Protocol Review No. 0823003) 
'I .... 

'lI'l-Mfl D '"n1"in~HHl \J 

Ulv\ULL1Y1L~~LiitJ tlltJ 6 L~tlU -;{)lUTU 70 ~1 LLti~tltlndJu 2 n~:JJ ~tI 
'IJ 'I , 

1. n~:JJ Sham control (SH) ~tI n~:JJ~i.~1unTH,h~~LtI~V\1XTntl~ LL~i.~i.~Ul1~i.,j
'I 'I 

tltIn ~lU1U 15 ~1 

2. n~:JJ Ovariectomy (OVX) ~tI n~:JJ~i.~1unl1~,h~~LtI~V\,xTntl~ LL~:;Ul1~i.,jtltln
'I 'I 

'" l1~~tI~,yl~ ,)lU1U 55 ~1 

V\K~,nn~,h~~ll:;L~tJ~V\U~ tIi.tJE)ndJU1:;tJ:;L1~1 90 1U LYltlLV\tttJ1Ul1iv\Utlci1u 
'IJ 'IJ 'IJ 

~fll1:;'Y'dtl~~tlft:JJUL·~~ LL~:;L1i~fll1:;n1:;~n~1U~1:JJnl1~n'I!tl"lJ tI~ Urasopon LL~:;Tlm:;
'IJ 'I 

(2007; 2008a) LnlJL~tI~Yln ') 30 1U (030 , 0 60 LL~:; 0 90) flltJv\~~1l1nth~~U1U 90 1U ff:JJ 
'I 'I 

L~tlnV\un~3J SH LL~:;n~:JJ OVX n~3J~:; 5 ~1 :JJTyhnl1rutJ6JJ1<?1 ~ltJ~111:;LV\tJ~Llftlf Lnu 
'IJ 'I 'I 'I , 

L~ tI~1l1n~111l LL~:;Lnun1:;~n"lJl"lJl1Y\tlU1JU (right femur) n1:;~nV\,xlLL,y~,yl~"lJll (right
'IJ 'IJ 

th 
tibia) n1:;<?1n~uV\~~YitlU~ 4 (4 lumbar vertebra) L~tlUli.tJ1~:JJ1~n1:;~n LL~:;Tll1:JJ

'IJ 'IJ 

v\U1LLliuantl~n1:;~n LL~:;Lnun1:;~nV\,xlLL,y~,yl~ilt1 (left tibia) 1u 10 % phosphate buffer 
'IJ 'IJ 

formalin L~tllbi.tJ~n'I!tlnl1LtJ~tI'ULLU~~"lJtI~LdtlLfltln1:;~n1 U 1:;~1J"U~fllTl (bone histology) 
'IJ 'I 

o .d ~ 0 a..,.,. 0 Q",.,I I 0 Cl..J 

Ulv\UY1Lv\~tI "U1Ul'U 60 ~1 (n~:JJ SH 1l1U1U 10 ~1 LL~:; n~:JJ OVX 'iillU1U 50 'in)
'IJ 'I 'I 

:JJ1LLU~tltlndJun~:JJ~1~ ') n~:JJ~:; 10 ~1 LL~:;'Yllnl1Y1~~tI~ 1~tJ1i~11~1~ ') Yll~lhn Ul,"
'I 'I 

1. n~3J Sham ~i.~11JJlnku m:JJ1~1 1 ii~~~~1/1U (n~:JJ SH)
'I 'I 

2. n~:JJ OVX ~i.~11JJlnku m:JJ1~1 1 ii~~~<?11/1U (n~:JJ PMO)
'I , 

3. n~:JJ OVX ~i.~11Jnl11LTl1t1"lJl1 "lJU1~ 1 0 5j~~n13J/nl~n1:JJJ1V\un~1/1U
'I 

(n~3J PM10), 
4. n~:JJ OVX ~i.~11Jnll1LTl1t1anl1 "lJ'Ul~ 1 00 ii~~n13J/nl~n1:JJJ1V\un~1/1U, 
(n~3J PM100)

'I 

5. n~:JJ OVX ~i.~1unl11LTl1t1"lJl1 "lJU1~ 1,000 5j~~n1:JJ/nl~n1:JJJ1V\un~1/1U
'I 

(n~:JJ PM1000)
'I 

6. n~:JJ OVX ~i.~11J 17a. - ethinylestradiol an'Ul~ 0.1 ii~~n1:JJ/nl~n1:JJJ1V\,rn
'I 

~1/1U (n~:JJEE)
'I 

iJtlU~11u,h~L1~1 08.00 - 10.00 U. i~J1V\Unv\U~1~tJ~Tt{~:;Tl.f~ L~tI~nl1 
'IJ 'IJ 

LU~tllbLLl1~~an tI~J1V\un~1 LL~:;1i~lttlV\,rn~1~i.~1ULL'il~:;itJ~l~:JJ1U11JtJ1:JJlmnl11i 

,.!(.~ ~ ,.!( cv 
nll1LTl1t1"lJl1 LL~:;u1:JJlru17 a - ethinylestradiol Ln1JL~ tI~Y1n G) 30 lU (0120, 0 150 LL~:;, 
0 180) LrltlTl11J 90 1U 'Yllnl1rutl6JJ1<?1v\U~ltJ~111:;LV\tJ~Llftlf LL~:;Ln1Jn1:;~nfflU right tibia, 

'I 'IJ 'IJ 

right femur LL~:; 4th lumbar vertebra LYltlttli.u1~:JJ1~n1:;~n LL~:;Tll1:JJv\U1LL';'U"lJtI~n1:;~n
'IJ 'IJ 
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ll~::lnund::~n left tibia lu 10 % phosphate buffer formalin L~El"bLtJ~n'Mlnld 
'II 

lU~ fJULLU~-J"lJEl-JLdElLflElnd::~n1ud::iU,;)~111~ (bone histology) 
'II , 

"" 
LU.. lUl1 Vi u~~\JiUGlDU nl"iYl~Gi D\J 

~ 	 .::II 

nl"iLGl"itl3J ~l"iGi ::Gil tI n,)Tl LfI"iDiiTl 

nl1L~1El"lJl1~1"lf1unld1itJ~f"d LtJun111L~1El"lJl1~lfJ~u1f, Wichai III 1~fJttl~1U 
~1"lJEl-Jn111L~1El"lJ113Jl~1"1~~::Ell~ ·lLL'l::vtuLiJU'iutJl-J ') LLL'l::"bLtJ EllHL~-J~Elmv\l1ii 70 

, 	 'II 

El"f'(lL'1f~L:ntJ~ ,;)In,futtl:lJltJ~LUU~-J lLL'l::ndEl-J1V\1~"lJul~ 100 Mesh LntJ~-Jn111L~1El"lJl1 
~L~1U~LL~-J LLL'l::L:uihL~-J LL~~ lb~-Jn111L~1El"lJl1:lJl~~:lJ,rln~u LL~::iJElUv\U~1 tJ gavage

'U 

feeding needle ~~11:lJL,y:lJ,yULrhnu 10, 1 00 LL~:: 1 ,000 ii~~n1:lJ <ilElnl~n1:lJ,rlV\,rn~1<ilEl 
lU iJElulum:lJl~d~f-J~:: 1 ii~~~~d ~ldLL"lJ1U~EltJn111L~1El"lJl1,;)::L~1tJ:lJ1v\:U'Yln ') ~tJ~l~ 

'I 

m:lJlm~ldLYn~LEl~1~dL';)ulun111L~1El"lJl1~lfJ~ulf, Wichai III ,;)lnnld1L~dl::~~1tJ1TI 
.d I I I 	 A A CL; Q.; A 

HPLC :lJ~lElfJd::v\11-J 123 - 157 :lJ~~nd:lJ/1 00 nd:lJ n111L~dEl"lJl1 (Urasopon et aL,
'II 

2008b) LL~::L~'Yl~~EltJtl'YllfL~-JLEl~1~d~itn (estrogenic activity) ~1tJ1TI vaginal cytology 

assay LL~1 (Malaivijitnond et aL, 2006; Cherdshewasart et aL, 2007a; Urasopon et aI., 

2008b). 

nl"iLGl~tl3J ~l"i~n~ n,)l,) LfI~D'lI1,) LLGi::nl"i!J LfI"i1::lfGf,)UU"i::n DU1liLGl LD~L@l"iL\)UL~U 

!Jfi HPLC 

1L~11::~~ldtJd::nEllJLYn~LEl~1~dL,;)U n~:lJi.Ell"11W~111U 	 1~fJ, ,;)1nn111L~1El"lJ11 

L'Yl~itfl high performance liquid chromatography (HPLC) 1~tJriElu.yhnldlL~d1:;~~1d 

LEll"11yJ~111U,;)ln~1U~1"lJEl"n111Lfl1El"lJl1 ,;)::~El-J.yhn1d~n~~-Jn111L~1El"lJl1~L~,;)1n 
~ .d ~ ~ AA .... ..¥ 
"lJU~ElU'YlLL~1~1tJ 95% LEl'Yl1l1UElL'l ~1:lJ11lnld"lJEl-J Urasopon et al (2008b) ~"U 

1. 	tt1~"n111L~1El"lJl1m:lJ1m 50 n1:lJ ~~:lJntJ 95% LEl'Yl1l1UEl~ m:lJl~d 150 ii~~~~d 

lbi.tJU:lJlu incubator shaker ~Elmv\l1ii 50 El-Jf'(1L'1f~L:ntJ~ LL~:;L"lJrh~~11:lJL~1 250 
, 'U 

dElU/U1Yl lUUL1~lU1U 24 i11:lJ-J 

2. 	 "t1~ld~n~LEl'Yl1l1UEl~~i.~1t1ndEl-J~1r..lnd::~1'MndEl-J Whatman LtJElf 4 (Whatman 

No.4) lL~::dltJ~1d~:;~1 fJ~i.~11U~lL,jLL-ii-J~Elmv\l1ii -20 El"f'(lL'1f~L:ntJ~
'II 'I 'II 

3. 	 lb~::nElU~Lv\~El,;)1nnld~n~~f-JLLdni.tJ~~:lJntJ 950/0 LEl'Yl1l1UEl~ m:lJ1~d 100 
" " ,

ii~~~~d LL~:;'Yi161hiu~ flWYi 1 LL~::2 

4. 	 tt1~ld~n~~i.~,;)lnn1d~n~flf-JLLdnLL~::~f-J~~El"3Jl~~:lJd13JnU 


111 tJl~LLd-J~u~ryryln1f'( ~1 fJ L~~El" rotary evaporator 


31 



5. 	 "b~THln~~i,~,nn,JB 4 i,lh"'h1,xLL,x~tlit'Yl 1~rJ"bi,t1ti:JJ1'U, water bath ~Bm'V\l1iJ 60 
'I 	 'II 

B~~l L6J1~ LtnrJ ~ 'iJln"t'U,LnlJ ~11tln~~i.~1n'U,GlLL~LLi1~~ Bm'V\l1 iJ -20 B~~lL6J1~ Ltntltl 
'II 'I 'II 

LyjBtbi,tJ1Lfl11::~~ Bi.tJ~l rJ Lfl~B~ HPLC 

nl11 Lfl11::~~11tJ1::n BlJi,y.J1~ LB ~1~1L'iJ'U,lh::n BlJ~l tI,r'U,~ B'U, ~~ii 

1. ttl ~11~n~'iJln,r'U,~ B'U,,Jl~Gl'U,:JJl 3 iJ~~n1:JJ ~::~1 til'U,tll1~::~1 tlLB'Yl1fl'U,B~lJ1tl'Yl1f 
'I 

(absolute ethanol) m:JJ1~1 4.5 iJ~~~1 LL~::yh1,xL~ B'iJl~l~tI L~:JJ~11~::~1 rJ A (100: 

0.1 % v/v of deionized water: phosphoric acid) m:JJ1~1 1.5 iJ~~~1 

2. 	 U~tll1~::~1t1~L~1rJ:JJi,~ tJ1:JJ1~1 10 i,:JJ1fl1~~1 ~~l'U,flB~:JJ,r"lJB~ HPLC "lJ'U,1~ 250 

x 4.6 iJ~~L:JJ~1 (O~S, Japan) ~Bm'V\l1iJ 25 B\I~lL6J1~Ltntl~ 1~tl1::lJlJ"lJB\I HPLC 
'I 'II 

t11::nBuLtI~lrJ Water 1525 binary HPLC pump, Waters 717 plus auto-sampler, 

and Water 2487 UV absorbance Dual A detector (Waters, Milford, USA) 

3. 	 ~1~1 (mobile phase) ~~lrJlu,nl1Lfl~u'U,~"lJu~tll1l'U,flB~:JJ,r t11::nBlJ~1t1 solution 

A (100: 0.1 % v/v of deionized water: phosphoric acid) LL~:: solution B (100:0.1 

of acetonitrile: phosphoric acid) 1~tlih)~11nl1i.'V\~"lJB~~11~fldl:JJL1d 1 iJ~~~11 
'U,lfi LL~::~11'iJl~ tl11~ LLrJni,~~~lfll1:JJ rJl1fl~'U, 225 'U,11'U,L:JJ ~1 

4. 	 Yhnl11Lfl11::~~11i,B16J1vJ ~111u,LL~~::"15it~~~'Ul 'U,nl11 Lfl1B"lJl1 1~rJLtl1rJlJL-ntllJnu 

retention time LL~::m:JJlm~'U,~1~n11vJ (peak area) "lJB\I~11i,B16J1vJ~111'U,:JJ1~1!1'U, 
... ~ 

5 "15'U,~ flu puerarin (>99 purity, LKT Laboratories, Inc., MN, USA), daidzin (>95 

purity), genistin (>95 purity), daidzein (>98 purity, Sigma-Aldrich, MO, USA) LL~:: 

genistein (>99% purity, LC Laboratories, MA, USA) 

nT'HGl!jUl"~1~~~~1U 17 a - ethinylestradiol 
o 	 ~d £. AA QJ 	 QJ 

'U,1~\I 17 a - ethinylestradiol 'Yl:JJfll1:JJU1~'Yl1fL 'Yl1nU 98% HPLC 'iJlnlJ1'M'Yl Sigma,
'I 

St. 	 Louis :JJl~::~lt1~drJ absolute ethanol t11:JJlm..rBrJ~~~ 'iJln"t'U,L~:JJJlnku,1'V\1~fll1:JJ
'I 

L,J:JJ,JU, 10 iJ~~n1:JJ~BiJ~~~~1 tbi.tJ1::LV\tI ethanol Bunl~tlLi.I~~l"lJd~~~i.l,Jl:JJ~U, 'iJln"tu, 

LnlJ~11~::~1t1~i.~1~umV\.niJ 4 u\l~lL6J1~Ltntl~ L~BLnlJLtJu, stock solution ttl~11~::~1t1 
'I 	 'II 

17 a - ethinylestradiol i.t1L~B'iJl~nlJJlnk'U, 1'V\1~fld1:JJL,J:JJ,J'U, 0.1 iJ~~n1:JJ ~Bn1~n1:JJ 
J1'V\,rn~d nBu,'iJ::tbi.t1UB'U,'V\'U, 'iJ'U,~11~::~lrJ'V\:JJ~ (Urasopon et aI., 2008a) 

'II 

a 	 ""' I A ~ I dOl QJ QJ.I 	 ClJ 

LnlJ~lB tll\1 L~ B~'V\'U,~~ LL~n u'U,'Yl'iJ::'Ynnl1~1~~'V\'U, (Do) 111 tI'V\ ~\lnl1~1~~'U,1'U, 90 
'II 	 'II 

1'U, 	LL~::1::'V\i1~1,x~1~1\1 '] 'U,1'U, 90 1'U, 11:JJvf\l~'U, 180 1'U, ~lF.JTldl3J~~n '] 30 1'U, ~B 0 30 , 

d I ofl ."j 1 <V d 
LL~:: 0 180 6J1\11::tI::L1~1~\ln~11 Lu'U,1::rJ::L1~1'YlL'V\:JJ1::~:JJ 'U,nl1lJ'U,'Ylnnl10 60 	 0 90 0 120, 0 150 

<V 

LtI~ rJ'U,LLtJ~\I"lJ B\ltl11:nl1:JJL~n~ "lJ B~n1::Ul'U,n116JiB :JJ~11~LL~::~~1 rJn1::~n (biochemical
'I 	 'II 

markers of bone remodeling) (Delmas 2000; Alatalo et aI., 2003) l~rJliLi13JLUuf 26 G x 

1/2" L'iJl::~hw~~~ll'iJ,xB\lfh~"lJl1 (cardiac puncture) 'V\~\I'iJln~~~lJ~~l'Yl~~B~~lrJ~hllBf 
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,nn,rU'ci)::lt1L~tl~i.lhju~~11~JL11 2,500 1tlU~tlU1Yl Yltllliv\11iJ 4 tl~f'f1L'1H.~L:U~ti LlJU 
~ 'IJ 

1::rJ::L1~1 15 U1Yl Lnu:utlli.l~ tllliv\11iJ -20 tl~f'f1L6J1~b:UrJ~ L~ tllt1:utll~i.~U~11'ij)1~1::~U
~ 'IJ 

"lJtl~ alkaline phosphatase Lb~:: tartrate-resistant acid phosphatase 5b (TRAP 5b) ~lrJlrr 

Enzyme Immunoassay (EIA) 

nTHfI"jTil-l~"j::~lJ~el\l alkaline phosphatase (ALP) 1"aii~3J 

1::~1J"lJtl~ ALP 1u~tll dJU~"lfilu~,rn11Ln~n1::Ulun11tif1~n1::~n (bone formation) 
'IJ 

1~ rJ ~~<ill tl rh~:utlli.U~11'ij)1~1::~1J ALP ~~ lli::i~l LLYfYl rJf'f1 ti~f 1Iv\11'Yl rJ1irJ LnM~1f'f1 ti~f 
~ .... 1 ""'~ 
6J1\1~11'ij)1~ ~rJ1TI enzyme-linked immunoassay (EIA) (Yocoefficient variations (%CVs) 

"lJtl~~l intra LL~:: inter-assay lttn11~11'ci)1~L'Yhn1J 2.8% LL~:: 6.3% ~111~1~1J 

nTHiI"j1'il-l~"j::~lJ'lIi1\1 tartrate-resistant acid phosphatase 5b (TRAP 5b) 1"aii~3J 

TRAP-5b rm~~L~11::V\1~tI osteoclast LL~:::V\k~tltln1l1~n1::LL~L~tl~ ~\I,rU1:::~1J"lJEl\l
'IJ 'IJ 

TRAP 5b 1u:utll ~\l1,yLlJu~"lfilu~,rn1:::Ulun11~~1t1n1:::~n (bone resorption) 1un11 

~ .J'.... ~ ""'A 1 1 ~ 
'IJ 

™ 
'Yl~~El~Tl1~U~11'ij)1~ rat TRAP 5b ~lrJ1TI EIA ~tI "If RatTRAP Assay Kit (IDS Ltd. 

UK; Lot No. 6482, UK) ~~lbYn::n1J 5b isoform GfJtl~ TRAP 1U6,Utll l~tI monoclonal 

antibody 'ci)::i.3J~1Jn1J TRAP 5a ~~i.3J~lLYn:::n1Jn11~~1~n1::~nGfJtl~ osteobclast 
'IJ 

%coefficient variations (%CVs) GfJtl~~l intra LL~::: inter-assay 1un11~11'ij)1~b'Yhn1J 3.640/0 

LL~::: 4.18% ~111~1~1J 

..... 0 ~ A (i' 0 w: I 

111 tlV\ ~~'ij)ln'Yl1n11llitlIil1~v\U~lrJ~111:::LV\ rJ tl LTItl1 'ij)::'Yl1n11Ln1Jn1:::~nGfJ1"lJll'Yl tlU 
~ 'IJ 'IJ 

~ ~ 'V .... ...... l.d th 
UU (right femur) n1:::~nv\U1LL"lJ~"lJl\1GfJl1 (right tibia) n1::~ntiUv\~~'YleJU'Yl 4 (4 lumbar 

'IJ 'IJ 

vertebra) 1~tlL~1:::n~111Ldtltltln'ci)lnn1:::~n LL~:::tb~lneJ6J1"15uJ1Ln~El (0.9 % normal saline) 
'IJ ~ 

1I1V\Eln1::~n1~ij~i~ LL~:::V\ElrllJ~l rJn1::~lMv.J El rJ~ ltli.u1~tl~~~1~~n (zip lock) LL~:::Lnu'tl 
'IJ ~ 

.d "'" A
'YlEllliv\11l1 -20 El~f'f1L6J1~L'1ftl~ 

, 'IJ 

fll111v\U1LLtiU"lJeJ\ln1::~n (BMO) 'ij):::1~1~tl1iLflieJ~ peripheral Quantitative 
'IJ 

Computed Tomography (pQCT, XTC Research SA, 
+ 

Stratec Medizintechnik GmbH., 
.... .¥ X La II I . I

Germany) 1~ tll~n1:::~ntilUn1::~nLUElLLUU (cortical bone) LL~::nd:::~nLUeJ u1~ (trabecular
'IJ 'IJ 'IJ 

~ .,. .,. 1 ........... .J'

bone) 6J1~1I11t1~:::LeJrJ~ un111~ ~~U 

- n1::~n tibia r'hn111~~lLLV\ti~"lJeJ\I proximal tibial metaphysis (TM) LL~::: tibial 
'IJ 

diaphysis (TO) 

- n1:::~n femur .yhn1dl~~lLLV\li\lGfJEl\l distal femoral metaphysis (FM) LL~::: femoral 
'IJ 

diaphysis (FD) 
I 

- n1::~n~ttV\i~riElUYl 4 ( L4 ) 
'IJ 

V\i~'ij)ln,rU'ci)::U11111LTl11::~~~~lrJ XCT - 5.50E software (Stratec Medizintechnik 

GmbH., Germany) 
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..... 0 'l; .... Ii" 0 ~ 'l; 'l; 'l; 

III UV\ ~\I,nn'YnnTHu,U6JJ1~v\U<il1U fil11::L V\ UEl LllEl1 'Ynnl1LnUn1::<ilnv\Ul LL~\I~l\1 
, 'U 'U 

6J11U (Left tibia) ~L~l::n~laJLilElElnLL~11u 10 % phosphate bufJer formalin U1U 72 ,T11aJ\I 

LL~::l-t1n1::~n:kn decalcification l<ilunl1ueri1u EDTA - G solution (EDTA disodium salt 

14.5 n1aJ, NaOH 1.25 n1aJ, glycerol 15 iJ~~~<il1 LL~::,rlnku 100 iJ~~~<il1) Lth"1::U::L1~1 
4 ~U<ill~ l<ilULtI~uu EDTA - G solution 'Yln G) ~U<ill~ V\&r\l'i\llnJWu,laJl dehydrate 1u 

~ 

ethanol ~~11aJL,r:JJ,rU 70 LUElfLsnU~ 90 LUElfLsnu~ LL~:: 100 LtiElfLsnU~ ~laJfh~1J '\.b 

n1::<iln~L<illu embedd 1u paraffin LL~::'\.bLU~<il section v\Ul 5 J-lm luLLu1 frontal plane 
'U 

LL~::U,1lctJrTEl:JJ<il1utl Hematoxylin & Eosin (H&E) (Urasopon et aI., 2008a) 

,"lfiL~~n1::<iln~L<il:kllr.ilUIll~ U~::iLfl11::~~~<il1ULU1un1:JJ Digital Image
'U 

Processing Software Image Pro (Plus Software Media Cybernatics, Inc., USA) L<ilU 

r'ilnl1~n'Ml trabecular bone area ~\lLlIUU1L1rn.~El~~l\1'i\lln epiphyseal plate ~\I:JJl 2 
'U 

LL~:: 4 iJ~~L:JJ~1 (Cui et aI., 2004) ~\l1t1~ 4 l<ilU'i\l::l<ilrf\l~u 4 windows ~ElfiL~~ LL~::l<il 5 
'U 

fiL~~ ~Eln1::<ilnV\it\l:ffu 11:JJ~h~L<il~\lV\:JJ<ilL'Yhnu 20 ~1/n1::<iln 1 :ffu/V\u 1 ~1 v\1ElL'Yhnu 
'U 'U 'U 

200 ~l/n~:JJ 
~ 

% Trabecular bone area (%BA) = (Sum of trabecular bone area x 100) 

(l"uLt9ia~ section) Sum of the bone area 
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LLtl(~h'l~~ajJEn.l~l"rnJ~Eh'l mean ± SEM iLfldl::~T11fll1JJLL~n(jh~~El~ajJElJJ~d::'Vdl~ 
~ ~ ~ 

n~JJ(jh~ 6) 1U'iil~Ll~lL~ £J1tlU ~1Ellun~JJL~ £J1tlULL<1iflU~::'iil~L1~l l~FJli One-way
'I 'I 'I 'I 

Analysis of Variance (ANOVA) LL~::Yl~tlEllJ post-hoc test <1l1FJ LSD test FJElaJ1lJT11fll1JJ 
• ,:::lIr.AA 

LL~n~l~Yll~tlrl~Yl p<O.05 
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~~n1~!jitl 

~~n1~~Lfl~1~,{a'l"n_h~nu1Jl-riLmLu(tLm~L~'",;}1n n'l1'lLfl~u1.l11r~ tI~fi HPLC 

~11i.y.Jl~"HEl~1~1L,;)'U, i.Ell6JfyJ~111'U,~1~1~1'U, 5 "1fit~ ~El Puerarin, daidzin,
..u 

genistin, daidzein LL~:; genistein LrlaiL~11:;~~'"H.J HPLC ,;):;L~~El'U,aEln~l,;)ln~El~~,r~L1~l 
12.95, 17.75, 24.68, 33.35 LL~:; 42.18 'U,lYl ~l~~l~lJ (~~~U~ 5) Lrlatbfil~11~1~1!lU~ 
~11:JJL,r:JJ,ru~h~ ") LL~:;fil~U~1<lln11yJ (peak area) ~111~~~lJUn11yJ LL~:;~hulm'V\l~h 
f111:JJtr~~UTI~lJ~fil R2 = 1.0 (~~1tl~ 6) ,;)lnnl1iL~11:;~~~nl11Lf11a"lJl1tl1~lm 100 

'lJ 

n1~ ~lJil~~11i.Ell6JfyJ~111U 5 "1fit~ 11~ 77.21 ij~~n1:JJ LrlElLLtJn LiJULL~~:;"1fit~~u~ 

m~lm"lJa~ puerarin, daidzin, genistin, daidzein and genistein LrhnlJ 46.15, 11.94, 9.45, 

1.42 LL~:; 8.25 ij~~n1~ ~l:JJ~l~lJ 

0.020 

0.018 ' 

O. 016~ 
c 
·c 
~0.014 , Q) 
:J 
0. 

0.01 21 
j 

~ 0.010.] 
1 c) t) 

c c
0.008'1 Q) Q.i 

OJ t)
'c 
Q)O.006·j OJ 

o 
O.U04 j 

1 ~ ~I
O.002 J ---",-~-+)A<--~
0.000 1 

:---- I .' - -, 4~' ~~ ' \ - ._
0.00 10.00 20.00 30.00 

Minute 

~tJ~ 5 LL~~~ HPLC fingerprints "lJEl~~11i.Elt6JfyJ~lt lU~1~1~lU 5 "1fit~~El puerarin,
d ..u 

daidzin, genistin, daidzein LL~:; genistein 
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6000000 

o ~----_r------r_----~ O...=-----.-----r-----.. 
o 0,5 1 1.5 o 0.5 1 1.5 

Daidziu aJDonnt(ug) Daidzein amount (ug) 

100000006000000 
c: 8000000 
~ 6000000 
~ 

Q,;l 4000000:.. 
2090000 

___----1 o ~--_.---r_--~ 
"1 ::;: 7984543.40x-23408.84 

Rl= 1.00 

o 	 1 1.5 o 0.5 1 1.5 
Gemstin amount(ug) Genistein am.Gunt (ug) 

y=53:S4711.56x-780.41 
Rl= 1.00 

9000000 

y = 4856663.59x+8491.67 
RI:=I.00 

o "f!"L-------t"-- 

~ 

5 4000000 
~ 
- ~ 

~ :2000000 

O-'F------t----r------; 

0.5 1 1.5 
Puerarin 31no unt,(ug) 

ltJ~ 6 LLLi~-\I~hi.eJl'1fvhn11lt,:JJ1~1!1lt, 5 ~it~~El puerarin, daidzin, genistin, daidzein ll~:; 
genistein LL~::fl1~lt,~1~n11w (peak area) 

~aCUtl" fl1"(;)~~"1'2i LLa~fl1"i'l..rfl'l1'l Lfl~tl1J1'lGi tlJ'1'Viit'fl(;)'l'Vi"
u 

,nnnl1Lm£JULYl£JutlTv\uniTV\lt,J" 2 nG4:JJ LrlElLi:JJnl1'Y1~~eJ,,1lt,1'U,~ Do i.3,j~u
'If , 

fl11:JJLL~n~1" eJ cil"iiu£J~lflty'YI1" Lifi~ (p>0.05; ltJ~ 7) Ll~1l1 tJ'V\~-\I,;)lnnl1~~1-\1i.onl'U,'V\l,t 
I I :' ....,..., ~ d" I a, A ca.." 0 a.,., A~ ~ 

n~:JJ OVX ~U11'U,1'V\lt,n ~1'V\\tL~:JJ"lJUeJ tJl"11~L11 El £Jl-\1:JJU£JLilflty'YI1"LirJ~ (p<0.01) L1:JJ 

~"LL~lU~ 14 (D14) "lJEl"nl1'Yl~~eJ" 1~£JTiltll'V\Uni1'V\lt,1lt,1lt,~ 90 (D90) iiTilLi-\lnil1lt,~ Do 
'If 	 'If 

lh::lJlnt 1.25 L'Yl1 (325.26 + 3.19 n1:JJ LL~:: 395.35 + 5.27 n1lJ 1lt,1lt,~ 0 LL~:: 90 

~llJ~liU) LL~1lt,'YI1"n~unlt,~uiltll'V\,rn~1'V\ulunG4lJ SH iiTil~~~"L~n,reJ£Jlu~l" 60 
'If 'I 
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CII 

LLjn~E1~nlj'Yl<3l~E1~ ~ln,i\l,fh~'1n~lJ~'U,~~nl1:;Un~1ulU~ 90 (090) ~E1~nlj'Yl<3l~E1~ ~~J'U,
'\J 

LnElLm£JlJL Yi £JlJJTV\unil"lJEI~Vt'U,n~3J OVX LL~:; n~3J SH ~~ijrilLL<3ln~h~n'U,E1£h~ijurJ~l~ru
'\J " 

'Yll~~fi~ (p<0.05 LL~:; <0.01) i~LL~lul'U,~ 14 ~E1--1nlj'Yl~~E1~ 
L~E1iJElU~ljLL~lU~ El £Jnl11Lf11E1~111~LLriVt'U,n~3J OVX l'n~Uln'Ylnl'U,dJULl~l'U,lU

'\J , , 

90 lU 'V'4lJ"hJ1Vtun~lVt'U,~<3l~~Elcil~ff:JJ~'U,TInlJ~'U,1<3l~E1~nl11Lf11E1~11~1~ ,xU~E1 J1Vtun 
'\J 

il~'U,~<3l~~3Jln;]'U,Lntl1~nl11 Lf11E1~111'U,~'U,1<3l~ ~~;]U 1~ rJJ1VtUn~1~ a~VtU~i.~1U 
'\J '\J '\J 

nl11Lf11E1~111'U,~Ul~ 1 ,000 ii~~n1:JJ/n1~n13J J1VtUlil/1'U, (PM 1 000) ij~Ul<3lLl'hnuVt'U,
'\J 

~i.~1Ue1af[3J'U,Ltl~1<3ljL'i\)'U,ff--1Lf1·n:;~ (17 a - ethinylestradiol 1'U,~'U,1<3l 0.1 ii~~n13J/n1~n1:JJ 

J1VtUlil/1'U, EE) LL~~i.1iLL~n~l~a cil~ijUrJ~l~~l'n~~n~ (p>0.05) L~ eH YirJlJrluVttJl'U,n~:JJ 
SH ~~E1<3l1:;rJ:;L1~1'U,lU 90 lU ~E1~nljl1K~lj 

LL3Jl1J1VtUnil~ E1~Vt'U,n~3J SH ijLL'U,11U3JL ~3J ~~;]'U,1'U,"lh~ ~~'Yll rJ~ E1~nlj'Yl<3l ~ tl~ LL~ 
'\J , '\J' 

nrT~f1~i.1iijfl113JLL~n~1~ tl cil~ijUrJ ~lf1~'Yll~ ~n~h~ ElL Yi rJUrllJl'U,~ 0 (Do) 

420 

.roo 

380 
§ 

360 ~ 
~ ...., 
,.340 
"0 

~ 
320 

300 

280 

Pre-tr~ahnent I 
Tr~ahnellt 

--+--~H ,.J- +--u -
-o- O\'X 

--*-P:\fiO 

~p:\noo 

---'7 
O'TX . " 

+ 

0 4 8 12 16 20 24 

W(,eks 

"juri 7 LL~<3l~rilLu~rJJ1Vt'U,n~1~El~VtUn~3J sham (SH) LL~:;Vt'U,~i.~1lJnl1~<3l1~i.,j (OVX) 
.. '\J , '\J 

nl£JVt~~'i\)lni.~1lJ~11 esthinylestradiol (EE) 1'U,~'U,1<3l 0.1 ii~~n13J/n1~n13J J1Vt,rl~1/1U 
Vt1E1'~1lJ~ldLL"lJ1U~ El £Jnl11Lf11E1~111 'U,"lJ'U,1<3l 0, 10, 1 00 LL~~ 1,000 ii~~n13J/n1~n13J J1Vt 

Ul~1/1U (PMO, PM10, PM1 00 LL~:; PM1 000 ~l3J~lilJ) dJ'U,L1~1'U,1'U, 90 1'U, LL~<3l~~h 

LihJ~LlJU3Jl~1;)1'U,Lu'V'41:;n~3J SH LL~~ OVX Ll'hJ'U, * LL~~ ** = P < 0.05 LL~:; 0.01 
.u , 

~l3J~l~lJLijtlLYi rJlJrllJn~3J SH, 
I 
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I '" 

Liteh''i\lln\t1~,rn~l1J e:h1~ULL~~::n~3J LL~n~l"nUEI r.h,,~,rtJffl~UJYll,,~ii~ 1ULL~~:: 
~ ~, 

"1il"L1~l ~",ruJl~,rnElltJl::~"~lulrnLtJuJl~,rnEll£Jl::~3J~YlTI (Jl~,rnEll£Jl::/Jl'V\'lXn 
~1) L~ E1~'i\l::~13Jl1flUl3J1Lm£JUnUi.~1::~11"n~,3J~1" 'J 

1l1£J~tr"'i\llnnl1~~1"i.,jdJUL1~lU1U 90 lU ".nJ'jlJl~,rn~3J~'YlTI1JEI"3J~~n, 3J13J 
~ 

LL~::i.~lu~un~3J~~~1"i.,j (OVX) ~fil~lnl1n~3J SH E1rh,,~,r£Jffl~ruYll,,~ii~ (p<0.05 LL~:: 
~ ~, , 

<0.01, ltl~ 8) £JnLluJl~,rn~1J~i.3JLL~n~l"E1rh,,~,r£Jffl~rYYll"~ii~ (p>0.05) LL~::L~E1 
L~£J,,~u~E1i.lJ~nLtJUL1~lU1U 90 lU (0180) ~1Jl1Jl~,rn~3J~YlTI1JEI"3J~~n, i.~ LL~::~1J lu 

~ ~ 

~Un~3J~~~1"i.,j (OVXlPMO) ~fil~lnl1n~3J SH E1cil,,~,r£Jffl~rUYll,,~ii~ (p<0.05 LL~:: 
~ ~, , 

<0.01) LL~::L~ Elli ~11LL1J1U~ EI £Jnl11 Lfl1E11Jl1 LLTi~U~1Jl1Jl~,rnEll£Jl::~3J~'Yl1f~13Jl1fl 
~ 

ntr1J~u3Jl~fil1n~L~ £J"n1J",un~3J SH EI cil" ~3J~UTIn1J1JU1~1J E1"nl11 Lfl1E11Jl1~1i 
~ , 

1~ £J Lu~1::E1 cil"ri" 1 ufilJl",,rn3J~~n ~ll~YlTI ~lU~un~,11~i.~1Ue:rElf[3JULEI ~1~1L,;)u~ ~ 

~"Lfl11::~ (EE) ~filJl",,rnEll£Jl::~3J~YlTIrf"", 3J~ntr1J~u3Jl1n~L~ £J"n1Jn~3J SH (p>0.05)
q 
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SH90 OVX90 5H180 IE P:\IO PMI0 PMI00 P~HOOO 
.....___ OVX -----II 

"iurl 8 LL~~h'l~lLU~rJlrl'v\uni3J~rl1f"lJEh'UJ~H~n, ~13J. i.~ LL~::Gl1Jl"v\'u)n~3J sham (SH) LL~:: 
til 'U 'U'I 

V\'U,~i.~11Jn11Gl~1~i.,j (OVX) U,1," 90 LL~:: 180 1'U, LL~::1l1t1V\tr~';)lni.~11J~1'~
'U 

esthinylestradiol (EE) l'U,"lJu,l~ 0.1 ij~~n13J/nl~n13J tt1V\unGll/1'U, V\1e:Ji.~11J~11LL"lJl'U,~eHJ 
nl11Lf11e:J"lJ111W'1J'U,1~ 0, 10, 100 LL~:: 1,000 ij~~n13J/nl~n13J tt1V\unGll/1u, (PMO, PM10, 

PM100 LL~:: PM1000 ~13J~1~1J) dJ'U,L1~l'U,l'U, 90 1'" v\~~,;)lnrlnGl~1~i.,j * LL~:: ** = p < . 'U 

0.05 LL~:: 0.01 ~n3Jfh~1JLije:JL'Yitl1Jn1Jn~3J SH Gl15nM11J,"LLrl~n11~LL~~::5u,n1LL~n~h~n'U,
'I 

&S .A. • Q.; AA. 

V\3J1t1rl~3J"113JLL~n~1~n'U,rn"~rt~ (p < 0.05) 
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. 


~Hnl th1 n1"j<;)~-r\ll,j LL~~n1"j'1~n111 LA1tl'2l11(?} tlYA"j\l ".j1\1"j~~1Jv~n1 ~nl tl\l n"j~~ n, ~ 

1l1£J'V\~~nTl~(il'r~\hhtlU 90 11,1, (OVXgo) trabecular bone area ~~~~Elcil~L~Ui.~i~ 

LrlElLYltJ1J11lJn~:JJ SHgo lu"lJm::~ bone marrow cavity LYi:JJ,]U (11J~ 9) ,nn~n~m::~~n~11
q ~ 

Luunl1flurJui.~11nl1~~1~i.,jLL~::rr~i.lUlU 90 11,1, ffl:JJ11tnfnlb1i'V\ULL1'Yl L~"'L3J£JLn~ 
'U 

ff1l11::n1::~n~1ui.~':\11~ LL~::LrlElrr~'V\\t1l1 tJ'V\~~':\Iln~~1~i.,ji.lulun~ 180 11,1, (OVX1801PMO) 

ri~Yh1i ff1l11::n1::~n~1ULYi:JJ:JJln,]u ~~ ff1l1::~~n~11 ffl:JJ11tll1iun~lJ~u:JJli.~Lrl El'V\Ui.~1U 
~ q ~ 

ffTHL"lJ1U~El£Jn111Lfl1El"lJl1 (PM) LL~::t~mf(:JJuLElffl<il1L':\IUff~Lfl11::~ (EE) 

LrlElLm£JlJLYltJlJ~h °/otrabecular bone area (%BA) 1::'Vdl~n~:JJ SH LL~:: OVX 
q 

1l1tJ'V\~~nl1~<il1~i.,jU1U 90 LL~:: 180 11,1, ~lJl1~h °/oBA "lJEl~'V\un~:JJ OVX90 ij~1~lnl1'V\u
~ 'I 'U 

n~:JJ SHoo Elci 65.40/0 (22.79 ± 1.34 LL~:: 7.88 ± 0.99 ~1'V\1lJ'V\un~:JJ SHgo LL~:: OVX90'I ~ ~ q 

o ...., I &:1:. ~. • 

<ill1J~l~U (p < 0.001)) LL~:: %BA "lJEl~'V\un~:JJ OVX1801PMO :JJfll<illn11'V\un~1J SH180 
~ 'I ~ q 

L'YhnlJ 72.72°/0 (17.71 ± 1.42 LL~:: 4.83 ± 0.42 ~1'V\1U'V\Un~3J SH180 LL~:: OVX180'U q 

<ill1J~l~lJ (p < 0.001)) ~~LLff~~lu11J~ 10 LrlElLmtJULYl£JlJ~l °/oBA lu'V\u1Jn~~i.3Ji.~~~1~ 
~ ~ 

i.,jEltil~ff3JvruJfnlJElltJ'V\U~LYi3J,]U 1::'V\11~'V\Un~:JJ SH ~3JEll£J 9 L~ElU (SHgo) nlJ'V\U~3JEll£J 
'I'll ~.. q ~ q, , 

&::I I • a A I ~ 

12 L<ilElU (SH18o) ~lJ11fll %BA ~~~~ 22.29% (p = 0.004) LL~::L:JJEl~':\Il1mlfll %BA 'Yl 

LU~£J'l-bLLtI~~i.1JElrh~ff3J~uJfnlJEll£JLL~::nl1~~1~i.,j 1::'V\11~'V\Un~:JJ OVX ~3JEll£J 9 L~ElU 
'I ~ q q 

G,; , AA A I , &!l 

(OVXgo) nlJ'V\un~:JJ OVX 'Yl:JJEll£J 12 L~ElU (OVX180) ~lJ11fll °/oBA ~~~~ff~tl~ 38.70°/0 (p
'U qq . 'U 

= 0.01) 

LrlElliffl1LL"lJ1U~El£Jn111Lfl1El"lJl11u'V\u~~~1~i.,jLL~::rr~i.1U1U 90 11,1, ~lJl1 
'UI 

ffl3Jl1tli]El~nUnl1~~~~"lJEl~~1 %BA i.~ 1~ £JLQ~l::El F..h~ri~LrlEllin111 Lfl1El"lJl11U"lJU1<il~ 
ff~;fu ,tU~El °/oBA lu'V\un~3J OVX90 L'YllnU 7.88± 0.99 LL~::lu'V\un~3J PMO, PM10,
'U ~ 'I 'U 'I 

A r I Q.o'

PM100 LL~:: PM1000 3JfllL'YllnlJ 4.83 ± 0.42,6.73 ± 0.92,7.45 ± 0.93 LL~:: 8.01 ± 1.27 

<jJl1J~l~lJ ~~LLff~~1U11J~ 1 0 LL~::~l °/oBA "lJEl~'V\un~3J PM1 000 ij~11n~L~hJ~nlJ'V\un~3J
~ 'U 'I 'U 'I 

.J" ,. I ~ • 

EE (%BA = 8.67 ± 0.96) UEln':\llnU~lJ11fll %BA "lJEl~'V\un~:JJ PM1000 LL~:: EE :JJfllff~ 
~ 'I 'U 

nl1'V\un~:JJ PMO El cil~ij,r£J~l~ru'Yll~ffii~ (P<0.05) L 'YllnlJ 65.8°/0 LL~:: 79.50/0 <jJ1:JJ~1~U 
~ 'I '" 
•• ~ I.J • Q.,# 0 ~ &:4 , 

LL~::ff~n11n~:JJ OVXoo L~nlttltl (P>0.05) L 'YllnlJ 1.64°/0 LL~:: 10.9°10 <jJl3J~l~lJ 6J1~LLff~~11 
~ 'I 

nl1i.~1lJn111Lfl1tl"lJl11U"lJU1~ 1,000 ij~~n13J/nl~n13J Jl'V\,rn~1/1U LL~::tJElf(3JU 
LElffl<jJ'lL':\IUff~Lfl11::~ (17 a - ethinylestradiol) 1U"lJU1~ 0.1 ii~~n1:JJ/ln~n13J Jl'V\,rn~1/1U 
1,1,11,1, 90 llt 1U'V\ltLL1'YlL ~"'LijtJff11Jl1tl'Yh1in1::~n'V\Ul~1n~U~lt3Jl't~ LL~ El cil~'t1n<jJ13J~1 

~ 'U 

%BA lu'V\un~:JJ PM1000 LL~:: EE rT~fl~~lnl1"lJeh1'V\un~:JJ SH180 tlcil~ij,r£J~l~ru'Yn~ffi1~
~ 'I ~ 'I '" 

(-54.77°/0 LL~:: -51.04°10 <jJl3J~l~lJ, p<O.01) 
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t 

1 

1Uti 9 LLI.i~h'llfl1'11.i11'11~~U'H.~1l1flonEh'ln1~~nlu'V\un~lI sham (SH) LL~~'V\utiL~1un11~~1'1 
on--- • 'lI 'lI'1 'lI 

L,j (OVX) U1U 90 LL~~ 180 lU LL~~1l1[J'V\~'1'l1nL~1UI.i11 esthinylestradiol (EE) luonu1~ 

0.1 ii~~n111/nl~n11J J1'V\,rn~1/1U 'V\1eJL~1UI.i11LLonlU~eJ[Jnl11Lfl1eJon111uonU1~ 0, 10, 

100 LL~~ 1,000 ii~~n111/nt~n111 J1'V\,rn~1/1," (PMO, PM10, PM100 LL~~ PM1000 

~111~1~U) L1JUL1~1U1U 90 lU 'V\~'1'l1nfln~~1'1L,j
'lI 
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SH180 EE P;:\IO P:\IlO p~noo ~nooo 

-'-------OVX ---------', 

1U~ 1O. LL~~h'J~lLu~rJ %trabecular bone area lu,'V\u,nr;:l3J sham (SH) LL~::'V\u,~i.~111n11~~
b ~ q ~ 

1~",j (OVX) U,1U, 90 LL~:: 180 lu, (n11v\h~n3J3J1JW'JJ11) LL~::.n1rJ'V\~~~lni.~1u~11 
q 

esthinylestradiol (EE) lW'JJu,l~ 0.1 ii~~n13J/n1~n13J J1'V\,rn~1/1u, 'V\1eJi.~11J~11LL"lJ1U,~eJrJ 
n111L~1eJ"lJ111U,"lJU,1~ 0, 10, 1 00 LL~:: 1,000 ii~~n13J/n1~n13J J1'V\,rn~1trU, (PMO, PM10, 

PM100 LL~:: PM1000 ~l3Ji.!h~1J) dJU,L1~lU,lU, 90 lu, 'V\~~~lnLln~~1~i.,j ~1eln'lY11Ju,LL'Yi~
'U 

n11vJ LL<ii ~:: eJU,ti1 LL~n ~h~nu,'V\ 3J1 rJ ii~ ~ ~113J LL~n ~h~nu,Yn~Liti~ (p < 0.05) 
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density; BMD 
I ~ Ital I ~ 

fll1JJ'VI'U,lll 'U,'U,n1~~n"lJe:h'ln1~~nl1M) u1"LL~~n1~~nL 'U,all'U, 'U, (Bone mineral density of 

trabecular and cortical bone) 11lrJ'VIt"n11<il~1"i.,j 

LmrJULYl rJU~~"lJa"nl1<il~1"Lan~arilfll1JJ'VI'U,lLLti'U,n1~~n"lJa"n1~~nlitatui" 
'U 'U 

(TbSMO) 1~'VIil"'VI'U,n~3J SH LL~~'VI'U,~<il~1"Lorl 'U,1'U, 90 LL~~ 180 1'U, ~tJil11lrJ'VIt""illn<il~ 
'U 'I 'U 

1\1Lorl'U,lU 90 1'U, fl113J'VI'U,lLLu,un1~~n"lJa"n1~~nL itatui"yf" 3 ffl'U, ~a tibial metaphysis
'II 'II 

th .... I ~ I........ 0 ...... ..:: 


(TM), femur metaphysis (FM) Ll~~ 4 lumbar vertebra (L4) 3Jfll~~~l~"a£Jl"JJ'U,£J~lfHyrJ" 
AA . ~ 0 a.,., A d Q..oI • 

'Yll"~tH91 (p<0.01) L 'YllntJ 36.86% , 35.20% LL~~ 19.55% Cill3J~l~tJLJJ 
I 

a L 'Yl rJuntJn~JJ SHso 
'I 

(1U~ 11) "illntn'Mrn~~"n~11LU'U,nl1fl'U,iI'U,L~ilnl1~~1"LanLL~~.yf"Ll'U,1'U, 90 1'U, ~lJJ11n 
'U 

onntt11~'VI'U,Ln~~1l11~n1~~n~1UL~"il1\1 LL~Lrla.yf"'VI'U,lllrJ'VIt""illn~~1\1LanLl'U,l'U,n" 180 1'U,
'U 'II 'I 'II 

" 
(PMO/OVX180) ~Uil11l1~n1~~ny.nu~~~"LU"illn'VI'U,n~3J OVXso L~rJ"L~nuarJL 'Yhu'U,

'II 'I 'II 'I 

Ll'hnu 38.240/0, 42.24% lL~~ 12.58% CillJJ,h~tJ LrlaLmrJtJlYl£JtJnU'VI'U,n~JJ SH180 Lrla 
'II 'I 

~':ill1mlnl1LU~rJ'U,lLU~""lJa" TbBMO nualrJ "illn'VI'U,al£J 9 L~a'U, (SHso) LU'U, 12 L~a'U,
'I 'II 'I 

(SH180) ~tJilrilfl113-I'VI'U,lLLti'U,n1~~n"lJa"n1~~nLdBtui"yf" 3 ffl'U, ~a TM, FM Ll~~ L4 ~ 
'U 'U 

LL'U,ltU3J~~~" L'Yl1nU 4.78% , 3.450/0 ll~~ 2.75% LL~L~LLCiln~l"'Yll"~n~ (p>0.05) 

III rJ'VIt""illn<il~1\1i.an'U,1'U, 90 1'U, ~Uilfll1JJ'VI'U,lLLu,'U,n1~~n"lJa"n1~~nL itaLLu,'U,
'II 'II 

" ~ 
(CtSMO) rl" 3 ffl'U, ~a tibial diaphysis (TO), femur diaphysis (FO) LL~~ 4 lumbar 

vertebra (L4) "lJa"'VI\tn~JJ OVXsoL~~fll1JJLLCiln~1"acil,,~urJ~1~~'Yll\1~n~ (p>0.05) (ltl~ 
12) LrlaLYl rJtJntJ'VI'U,n~JJ SHso rJnLl'U,n1:;~nffl'U, tibial metaphysis (TM) LL~~ femur 

'U 'I 'U 

metaphysic (FM) ~~~~" 2.96% LL~~ 3.82% Cill3J~l~tJ (p<0.05) LL~Lrla.yf"'VIui.1111rJ'VIt"
'U 

"illn<il~1"Lorl'U,1'U,ti" 180 1'U, (PMO/OVX180) ~Uilfl113J'VI'U,lLLu,'U,n1~~n"lJa"n1~~nLd'aLLu,'U, 5 
'U 'II 

I 

~1'U, ~a TM, FM, L4, TO LL~~ FO "lJa"'VIun~3J PMO/OVX180 ~~<iilnil'V1'U,n~3J SH180 L'YhntJ 
'II 'I 'II 'I 

5.670/0, 4.960/0, 2.600/0, 2.64% LL~~ 4.69% CillJJ~l~tJ (p<0.001) ~"LL~~"ilnl1,rn\i11~Ln~ 
'I ~ I 1.... 1 of ta I ~ AI I 

1111~n1~~ny.n'U,~'U,n1~~nLUaLL'U,'U,"il~ "1H1~1'U,1'U,nl1 'U,n1~~nL 'U,a u1" L3Ja~"ill1mlnl1 
'11'1'11'11. 

LU~rJULLU~""lJa\l CtBMO ntJal£J "illn'VI'U,alrJ 9 L~a'U, (SHso) LU'U, 12 L~a'U, (SH180) ~1Jil 
'I 'U 'I 

I • ~ " ~~ • ~~ 
fllfll1JJ'VI'U,lLL'U,'U,n1~~n"lJa"n1~~nl 'U,aLlUU~lU TM L~JJ"lJ'U, 5.07% LL~~~l'U, FO L~JJ"lJ'U, 

'II 'U 

2.03% LL~L~LLCiln~l"'Yll"~n~ (p>O.05) 
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1tJ~ 11 LLfi~h'~lLU~tlfll1:JJ'V\u,lLLti,u,n".l~~nanfl~n1~~nLdflltJ1~ (trabecular bone) lu'V\u,n~:JJ
'b 'lI 'lI 'lI , 

sham (SH) LL~~'V\U~i.~rr1Jnl1Gl~1~~hl (OVX) U1U, 90 LL~~ 180 lU GllernM11Ju,LL'Yi~n1Tv~
'lI 
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1tl~ 12 LL~~h'lfi1LU~ t1fll1:lJV\U,1LL Uu,n1:;<iln"!JEh'ln1:;<ilnL dElLLUu, (cortical bone) 1u,V\u,n~:lJ
'U 'U 'U 'U'I 

sham (SH) LL~:;V\u,~i.~11Jn11~<il1"i.,j (OVX) U,1U, 90 LL~:; 180 1u, ~15nM11Ju,LL'Yi"n11v.J
'U 
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, ~ It/' ~ ,
Tl113J'V\Ul LL 'U,'U,n1::~nGjJ Eh'ln1::~nL 'U,El L 1\lLL~::n1::~nL 'U,El LL 'U, 'U, (Bone mineral density of 

ti b ~ 

trabecular and cortical bone) 1l1t1'V\~\li.~1lJl.ll1LLGjJl'U,~Eltlnl11LTl1ElGjJll 

L~El~,;)11mlTl113J'V\'U,lLLti'U,n1::~nGjJEl\ln1::~nLdElltIi\l (TbBMD) 1l1t1'V\~\l~lnlil.ll1 
~ ~ . 

LLGjJl'U,~El tlnl11LTl1ElGjJll 1 'U, 'V\'U,~~~1\l~hiLL~::~\ll1'U,1'U, 90 l'U, (1t1~ 13) YflJ11l.l13Jl1tlU El\lrl'U, 
~ ~ 

nl1~~~\lGjJ El\lT11Tl113J'V\'U,lLLti'U,n1::~nL~ l~ tlLUvn::El cil\l fl\l L~ El1i nl1lLfl1ElGjJll 1 'U,GjJU,l~~
~ 

l.l\lif'U, ~GjJ'U,l~ 1,000 ii~~n13J/Tn~n13J ,rl'V\,rn~1/1'U, (PM1 000) ijrhLi\lnilGjJEl\l'V\'U,n~3J
~ ~ ~ , 
OVX90 li''U,~ElT11f1l13J'V\'U,lLLti'U,n1::~n''lJEl\ln1::~nLdEllt1i\l~\l 3 ~1'U, ~El tibial metaphysis, 

~ ~ 

I femur metaphysis LL~:: 4th lumbar vertebra l'U,'V\'U,n~3J OVX90 L'YhnlJ 0.212±0.023, 
~ , 

3 3 , , .... 
0.282±0.038 LL~:: 0.249±0.010 x 10 mg/cm LL~::"lJEl\l'V\'U,n~3J PM1000 L 'YnnlJ 

'II ~ 

3 3.,., ,I 0.239±0.012, 0.299±0.007 LL~:: 0.285±0.008 x 10 mg/cm ('V\1ElfllTl113J'V\'U,lLL'U,'U,n1::~n . 
'II 

1'U,n~3J PM ijrhLi\lniln~3J OVX L 'YhrllJ 12.76, 6.02 LL~:: 14.450/0 ~l3J~l~lJ) ~\lril~i.~, ~,

I GjJEl\ln~3J PM1 000 1n~L~tI\lrllJ"lJEl\l'V\'U,n~3J EE ijfilL'YhnlJ 0.233±0.011, 0.296±0.015 LL~::, ,~ 

0.282±0.009 x 10 
3 

mg/cm 
3 ~l3J~l~lJ LL~El cil\lL1n~13Jfilf1l13J'V\'U,1 LL ti'U,n1::~n"lJEl\l'V\'U,n ~3J 

I 
'II 'II" 

I I 
Q",.,II O. • I ,:::t QJ 0 ..., A. A. ~~ • 

PM1000 LL~:: EE tI\lTl\l~lnl1"lJEl\l'V\\tn~3J SH180 Eltll\l3J'U,tlLilTlqJ'Yll\lLitl~ (P<0.05) 'Yl:IJfll 

Tl113J'V\'U,lLLti'U,"lJEl\ln1::~nL dEllt1i\l~\l 3 ~1'U, ~El tibial metaphysis, femur metaphysis LL~:: 
~I th.... 3 3 

4 lumbar vertebra L'YhnlJ 0.346±0.022, 0.412±0.014 LL~:: 0.301±0.010 x 10 mg/cm 

~l:IJ~l~lJ 
d A I ~ , .... 1'"

L3J El~,;)11ru,1 fll1:IJ'V\ 'U,1 LL'U, 'U,n1::~n"lJ El\l n1::~n L 'U,El LL 'U, 'U, (CtBMD) III tI'V\ ~\l,;)ln 'V\ tll1 
'II ~ 

LL"lJl'U,~ El tlnl11LTl1ElGjJll 1 'U, 'V\'U,~ ~~1\lL,}LL~::~\li.l'U,l'U, 90 l'U, (1t/~ 14) ~lJil tll:IJ11tlUEl\lrl'U, 
~ ~ 

nl1~~~\l"lJEl\lfilf1l13J'V\'U,lLLti'U,n1::~ni.~ l~ tI tll:IJ11tlU El\lll'U,L~LLarLL~L~ El1~n111Lfl1El"lJl11u,
'II 

"lJ'U,l~~lLWtl\l 1 0 ii~~n1:IJ/fn~n1:IJ ,rl'V\,xn~1/1U (PM1 0) dJ'U,~tilLi'U,1~ Elcil\lfl\lilrl1 

CtBMD ~LYi3Jif'U,13Ji3J~'U,TInlJ"lJ'U,1~"lJEl\ln111Lfl1El"lJl1~1i tlnLl'U,~n1::~n 4th lumbar 
~ 

vertebra LL~::fil CtBMD "lJEl\ln1::~n FM 1'U,'V\'U,n~:IJ~1~1lJn111LTl1El"lJl1'Ylnn~:lJij~ltl\ln11 
~ ~ , "" 'II 
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'\I 
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'U 'lI 'lI 'lI 'I 

sham (SH) LL~~'V\U~L~1lJn1'l~~1"L,j (OVX) U1U, 90 LL~~L~1lJ~1'l esthinylestradiol (EE)
'lI 

1W'lJU,l~ 0.1 ij~~n1:IJ/nl~n1:IJ .J1'V\Un~1/1u 'V\1E1L~1lJ~1'lWlJ1U~E1 £.Jn111 Lfl1E1GlJ111W'lJU1~ 
0, 10, 1 00 LL~~ 1 ,000 ij~~n1:IJ/nl~n1:IJ J1'V\ltn~1/1," (PMO, PM10, PM1 00 LL~~ PM1000 
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A' 111 ' A', .
:JJl~nd::~n~JEh'lnd::~nLUf) d-\lLL~::nd::~nLUf)LLUU (Bone minerai content of trabecular and 

d b iJ 

cortical bone) 1l1rJV\~-\lnld~~1-\1i.,] 

nnrJUL YirJu~~"1.If)-\lnld~~1-\1i.,]~ Elfil:JJ1~nd::~n"1.lf)-\lnd::~nLdf)1u'i-\l (TbBMC)
'II 'II 

d::v\ll-\1V\un~:JJ SH LL~::v\U~~~1-\1i,,] U1U 90 LL~:: 180 1U ~UlllllrJV\~\I~ln~~1-\1i,,]U1U
'II , 'II 

90 1U fil TbBMC "lJf)-\I tibial metaphysis (TM) LL~:: femur metaphysis (FM) ~fil~~~l~-\I 
I A Q...I 0 Cl..o' ~A I Cl.JI 0 CL,.I A A CV t 

f)rJl-\1:JJUrJ~lflryYll-\1,nl<i1 (p<0.05) LYilnU 29.560/0 LL~:: 16.960/0 <ill:JJ~l~U L:JJtlLYlrJun1Jn~:JJ 

SHgo LL~fil TbBMC "1.If)-\I 4th lumbar vertebra (L4) i,ajLtJ~rJ'ULtJ~-\I (dU~ 15) ~ln~nMru,::
'II 

~-\ln~11 Luunl1nU~Ui.~llnld~~1-\11,]ll~::~-\li,lUlU 90 1U LL~Lrlf)~-\lv\Ulll rJV\~\I~ln~~1\1 
'II 

i,,]i,lU1Uti\l 180 1U (PMOIOVX 1BO ) ~Ullfil TbBMC "1.If)\lnd::~n TM LL~:: FM ~~~\lti\l 
'II 

31.69% LL~:: 36.71 % <ill:JJ~l~U (p<0.001) Ldf)LmrJULYi rJunuV\un~:JJ SH 1BO Lrla~~ldru,l
'II , 

nldLtJ~rJULLU~\I"lJf)\I TbBMC nUEll~ ~lnv\Uf)l~ 9 L~f)U (SH90) dJU 12 L~f)U (SH 1BO )'I 'II 'I 

~Ull~l TbBMC "1.IEl-\lnd::~ncyf\l 3 ~lU ~f) TM, FM LL~:: L4 i.ajLU~rJULLU~\I (p>0.05)
'II 

lllrJV\~\I~ln~~1-\1i,,]U1U 90 1U ~UllLU~1::~1:JJ1~nd::~n"1.lf)-\lnd::~nLdf)LLUU
'II 'II'" , ,

• • Q..oI A I A Q.; 0 Q; AA I QJ A d 

(CtBMC) ~lU L4 L'YI1UUY1~~~\lf) ~l\1:JJUrJ~lflryYll\1~r1<i1 (p<0.05) L Y1lnU 17.88% L:JJf)L Y1rJU 

nuV\un~:JJ SH90 (dU~ 16) LL~Lrl f)~-\lV\Ui.llll~V\~\I~lni~1\1i.,juluii\l 180 1U 
'II 'I 'II 'II 

(PMO/OVX 1BO) ~Ul1 CtBMC ~lU L4, TO LL~:: FO "1.If)\lV\un~:JJ PMO/OVX180 ~~~hnllv\u 'II , 'II 

n~:JJ SH180 Elt1l\1~,rrJ~l~ryYll\1~ii~ (p<O.05) Lrhnu 27.070/0, 36.86% LL~:: 7.300/0 

<ill:JJ~l~U (p<0.001) LL~::nld~~1\1i,,]U1U 90 LL~:: 180 1U i,aj~~~~f) CtBMC "1.If)\I TM LL~:: 

FM (p>0.05) Lrlf)~~ldrnlnldLU~rJULLtJ~\I"1.Ia\l CtBMC nUf)l~ ~lnv\Uf)l~ 9 L~ElU (SHgo)
'I 'II 'I 

dJU 12 L~f)U (SH 1BO ) ~Ullfil CtBMC ~lU TO LL~:: FO LYi:JJ;]U 38.660/0 LL~:: 4.500/0 

<ill:JJ~l~U (p<0.01) 
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SH OIX SH OIX 

90 days , • 180 days 
a 

b 

b 

SH OIX SH OIX 

90 days 180 days II 

a a a 

SH OIX SH OIX 

1U~ 15 LL~~h'l~lLU~tJ!l1~n1::~n"lJe:h'n1::~nLii'alu1~ (trabecular bone) luV\un~!1 sham 
'IJ 'lJ 'lJ 'lJ 'I 

(SH) LL~::V\u~i.~1unl1~~1~~hj (OVX) U1U 90 LL~:: 180 1U ~15n'M1U'U,LLri~n1ly.JLL~~::5u
'lJ 

I,; I 0.." ~ A I cv AA 

rtlLL~n~1~nUv\!IltJrh"!If11l:JJLL~n<in~nWYn~~rt~ (p < 0.05) 
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~ 2.0 
(.) 

no 

1U -90days--. --- 180 days 

SH 

t1.0 _90 days---+---180 days_ 

_90 days __180 days_
t,. 

to 

• 

E 

g
::!i 
'0 

~ 
~ 

tt,O 

~ to.• 
u 

u 
.,. 
u 

• 
b 

b 

one 

12..0 - 90 days- -1M days
b 

no 

- 90 days- -160 d'iY5

1m 

7' 

". b 

SH 

1tJ~ 16 LLi;l~h'lfi1LU~[Jl.11~n1::~n"lJfh'ln1::~nLdf)LLUU (cortical bone) 1u'V\un~:IJ sham (SH)
iJ 'lI 'lI 'lI , 

LL~::'V\u~i.~11JnTli~1~i.,j (OVX) U1U 90 LL~:: 180 1U i1eJnM11JULL'Yi~n11yJLL<ii~::eJun1
'lI 

I ClJ A d I IV AA 

LLlilnIil1~nU'V\:lJ1[J{l~:lJfl11:IJLLliln<in~nU'Yl1~i;l{l1il (p < 0.05) 
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..f 1t1' ..f, .
3Jl~n1::~n"lJ€h'n1::~nLU,El 1.JLL~::n1::~nLU,El LLU,U, (Bone minerai content of trabecular and 

u u u 

cortical bone) 111 rJV\~.Ji.~11J~11LL"lJ1U,~ El rJnl1l Lfl1El"lJ11 

LrlEl~-;U11rnl3Jl~n1::~n"lJel.Jn1::~nL ttel1tli.J (TbBMC) 111 rJV\~.J-;U1nli~11LLCflJ1U,~ elrJ 
'U 'U 

nl11Lfl1el"lJ111u,V\u,~~~1.Ji.,]LL~::~.JL1U,TU. 90 lu, (1t1~ 17) ~ul1nl11Lfl1el"lJ111u,"lJU,1~
'U 'U 

100 ii~~n13Jlin~n1:IJ J1V\unil/1u, (PM1 00) LL~:: EE i1el.Jnu,nl1~~~.J"lJel.J TbBMC ~ 
n1::~n FM L~LYi1nu 32.840/0 LL~:: 36.050/0 ~l3J~l~U LrlelLYirJunUn~3J PMO LL~::L~~un11 

'U ~ 

LtI~rJU,LLtI~.J~n1::~nfilu,~u, '] LL~::Lrlellinl11Lfl1El"lJl11u,"lJU,1~~U, ']
'U 

Lrlel~-;Ul1rnl3Jl~n1::~n"lJel.Jn1::~nL ttElLLuu, (CtBMC) In rJV\~.J"iJ1nli~11LL"lJ1U,~el rJ 
'U 'U 

nl11Lfl1el"lJl11u,V\u,~i~1.JL,]LL~::~.Ji.1U,TU. 90 lu, (1t1~ 18) ~ul1nl11Lfl1el"lJl11u,"lJU,1~
'U 'U 

100 ii~~n13J/n1~n1:IJ J1V\unil/1u, (PM100) ~13J11n1Jel.Jnu,n11~~~.J"lJel.J~h CtBMC i.~ 
, . 

• A GJ 0 ...., ~~ d I Q....I a 
elrJ1.J3JU,rJ~1f1fi1'Yl1.J~n~ 'Yln1::~n L4, TO LL~:: FO L'Yl1nU 26.44% , 10.620/0 LL~:: 3.80% L3JEl 

OIl 'U 

LmrJULYirJUnU PMO lu,"lJm::~ EE ~1:IJ11n1Jel.Jnu,n11~~~.J"lJel.J CtBMC "lJel.J TM, FM LL~:: 
TO Lyi1nu 7.570/0, 26.570/0 LL~:: 3.270/0 ~l:IJ~l~U i.~~un11LtI~rJU,LLtI~.J"lJel.J CtBMC LrlEl 

linl11Lfl1el"lJl11U,"lJU,1~ 1 0 LL~:: 1,000 ii~~n13J/fi1~n13J J1V\unil/1u, (PM1 0 LL~:: 
PM1000) 
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to 

SH EE Pal) PM10 PJ.t100 PM1000 

6.0 a 
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J2 5.0 
a b,c..s 4.0 b 
~ 
LL. 

'0 3.0 
0 
lE 
~ 2.0 
I

1.0 

SH EE PU10 PM100 PM1000 

8.0 

E 7.0 .g 
a 

8,0.§. 
,...,. 

5.0...J 

'0 
0 •.0 
::!: 
~ 3..0 .... 

2.0 

SH EE PU10 Pt.llOO PU'llXD 

1tJ~ 17 filLU~ rJ!Jl~n1~~nan Eh'ln1~~nLitaltJ1~ (trabecular bone) 11,t,V\1,t,n~!J sham (SH)
'U 'U 'U 'U'I 

LL~~v\'U,~L~11Jnl1~~1~L"ll1,t,11,t, 90 1U LL~~L~11J~11 esthinylestradiol (EE) 1Uan1,t,1~ 0.1 
'U 

n~~n1!J/nl~n1!J J1V\un~1/11,t, v\1aL~11J~TnLanl'U,~arJnl11L~{1aanl111,t,an1,t,1~ 0, 10, 100 

LL~~ 1 ,000 n~~n1:lJ/Ti1~n1!J J1V\un~1/1U (PMO, PM10, PM1 00 LL~~ PM1 000 ~l:lJ,h~1J) 
LlIUL1~lU1U 90 11,t, ~15n~11J1,t,LL'Yi~n11yJLL<ii~~51,t,tllLL~n~h~nU'V\!JlrJti~i1fll1!JLL~n~h~nU 

'Yn~~ii~ (p < 0.05) 
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13.0 

E ito 
~ 
.5. u 

~ 71) 
'0 
o 6.0 

~ 3.0 

' . .0 

"'0 
e 12.0 

~ 10.0 ,g 
~ 1..0 

"l5 e.O 

o 40 

~ :1.0 

• 


8H 

';ftl~ 18 LL~~-\!filLU~t1:lJl~n';f:;~none:h'ln';f:;~nLdf)LLU'U, (cortical bone) 1wv\'U,n~:lJ sham (SH)
iJ 'U 'U 'U'I 

LL~:;'V\'U,~i.~11Jnl1i~1-\!L,j'U,1'U, 90 l'U, LL~:;L~11J~1';f esthinylestradiol (EE) 1'U,on'U,1~ 0.1 
'U 

ii~~n1:lJ/n1~n1:lJ ,l1V\unil/1'U, v\1fli.~11J~1';fLLonl'U,~f)t1nl11Lfl1f)onl11'U,on'U,l~ 0, 10, 100 

LL~:; 1 ,000 ij~~n1:lJ/n1~n1:lJ ,l1V\unil/1U (PMO, PM10, PM100 LL~:; PM1000 ~1:lJ~1~1J) 
LU'U,Ll~lUl'U, 90 l'U, ~15nM11J'U,LLri-\!n'nyJLLGi~:;5Utll LL~nGil-\!n,"V\:lJl tin-\! iJfll1:lJ LL~n~h"n'U, 

'Yll-\!~ii~ (p < 0.05) 

55 



'1 ..., r: ..:II I QJ 

l!-J~t1 th1 Lf)~ L(iI·H""~\I L~"i1~'Vi LL~~n'l1'l L~"itJtl1'l @I tJ n1"i"inH11l1'l~ n"i~VIn'n"i" 

..., ~ 
u 

1
• 

A'A 

"illn~~nl1'YlCj]fHh'l1U'V\l~El 2.4 LL~~ 2.5 'V'flJnl1LnCj]Jll1~n1~Cj]n'V'nu un1~Cj]nLUEl
'U, 'U 

lui" (Tb) L~L11nilLL~~:lJ1nniln1~Cj]nL iiElLLu,u (Ct) LL~~nl1LU~t1ULLU~"~El"f)11:IJ'V\U1LLu,u
• 'U 

n1~Cj]n (BMD) L~UL~iCj]L"ilUnilnl1Lu~rJULLU~"~El":lJl~n1~Cj] (BMC) ~"tfunl1 
'U 'U 

LU~ rJULLU~"~ El" TbBMD ~"U,l~~LlhtTh~LVI:lJl~~:IJ~~Cj]1Unl1G1Cj]Cj]1 :lJnl11n~11l11~n1~Cj]n
, 'U 

~1ULrlEl1~LEl~1Cj]1L~U~"Lf)11~~LL~~nl11Lf)1El~111U'V\ULL1'Yl~~Cj]1"L,j "illnnl1LmtlllLYlrJlI 
, 'U 

~1 TbBMD 1~Vli,,'V\un~:IJ~L~111nl11Lf)1El~THllln~:IJ PMO (OVX180) ~lInl1Lu~rJULL1J~"'U , , 

:lJln~~Cj]1un~:IJ PM1 000 ~"tfu1Unl1~"ill1rnl~~~El"nl11Lf)1El~11~Elnl11n~ln1~Cj]n~1U, , 'U , 

~"U1LQ~1~~1 TbBMDs ~El\ln~:IJ PM1000 LL~~ EE L'Yhtfu :IJ"11iLmrJlILYltlllnlln~:IJ OVX90, , 
(11J~ 19) ~lIilLU~1~n1~Cj]nfflU FM LL~~ L4 L'Yhtfu~L~Unl1L~:IJ:ffU~El"f)11:IJ'V\U1LLu,U

'U 'U 

n1~Cj]nLrlElLYltlllnll OVX90 LL~nl1L~:IJ~,,:ffu1un1~Cj]n~lU FM L:Jj~f)11:IJLLCj]n~1"Elcil"~
'U 'U 'U 

,rtl1Jffl~rU'Yll,,~iiG1 (p>0.05) 1U~rn~~~1 TbBMD ~El"n1~Cj]n L4 1un~:IJ PM1000 LL~~ EE 
~ 'U , 

L~:IJ~,,:ffUElcil,,~,rtlffl~'Y'Yll\1~iiG1 (p<0.05) LrlElLYltl1Jn1Jn~:IJ OVX90 L'Yhnll 4.61 % LL~~ 
5.043% Cj]1:IJ~1~1I 
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f!
0.22 

QlX90 EE PMtOOO 

1tl~ 19 ~~"lJe:h1n111~nl11Lfl1eJ"lJ111U"lJU1~ 1,000 ij~~n13J/nl~n13J ,rTwtXn~1/1U., 
(PM1000) LL~:; esthinylestradiol (EE) lU"lJU1~ 0.1 ij~~n13J/nl~n13J ,r1V\,rn~1/1U <iieJn11 

..., 1 • X ltl ·&t I1n~11111:;n1:;~n'V\nu ~tJ~n~1fl113J'V\'U,1LLUun1:;~n"lJeJ~n1:;~nLUeJ 1~ ~lU distal 
'U , 'U 'U 

femoral metaphysis (FM) LL~:; 4th lumbar vertebra (L4) ~15n~1uuLLri~n11v.JLL<ii~:;5ut11 
• Cl..-' ~ &=-I I Q,.I &:Ito A 

LL~n~n\lnU'V\3J1tJn\l3Jfl113JLL~n~n\lnWYn~~n~ (p < 0.05) 
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CNX90 EE 

... 1.44 
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E 1.-43 

1,.42..t 
Q 

C- Ui 

e 1...40 
D 

0 

~ 
1.39 

1.38 

1.37 

CNX90 PU1000 

1.'-E,., 
1.45~ 

"g 
f? 1.44 

b 
0 

1.~ 

~ 
1.-42 

OIX90 EE PM1000 

J1V\un<il'1/1u (PM1 000) LL~~ esthinylestradiol (EE) lU,"lJU1~ 0.1 ij~~n1:JJ/nl~n1:JJ JlV\Un 

<il1/1U ~ Eln111n'M1fll1:::n1:::~n'V\nu 1~HJf1n'M1fl11:JJv\U1LLtiun1:::~n"lJ EI"n1~~nL{{ElLLtiu ~1U 
~ ~ ~, 

TM, FM, TO LL~~ FO <il1eJn'M1UULL'Yl"n11~LL~~:::eJUn1LL~n~1"nUV\:JJ1t1i1"i1fl11:JJLL~n~1" 

nUYll"ffn~ (p < 0.05) 

LrlElf1n'M1fh CtBMO ~Ui1 PM1000 'Yh1~fh CtBMD L~:JJff";)UElrh"i1utI,hf1ruYll"
~ ~ 

I 

ffn~ (p<0.05) flnd:::~n~1U TM, FM, TO LL~::: FO L'Yllr1U 3.050/0, 6.78%, 1.50% LL~::: 
~ 

13.460/0 ~1:JJ~1~U (1U~ 20) LrlElL1J1t1lJLYitlUr1Un~:JJ OVX90 LL~~n111~ EE .yhl~~1
~ , 

~ J" • a CIJ 0 A.c. .d .Q...oI 

CtBMO L~:JJ~""lJUEltll":JJUtlfflfl~Yl1"ffn~ (p<0.05) Ylnd:::~nff1U TM, FM, TO LL~::: FD 

L'Yl1nU 3.080/0, 4.580/0, 1.93% LL~::: 11.11 % ~l:JJ~l~U LrlElLmtlllLYitlunun~:JJ OVXoo 
'I 

58 



~H~'2Jtl\JnTHR~~\J1~LLa::n1~i~n'l1'lL~~tl~1'l~tl bone marker i"ri1~3J 

1::~lJ alkaline phosphatase 1u,:nf:JJ 

1l1tJV\~~n11~~r~'~L,ju,1U, 90 LL~:: 180 lu, (n~:JJ OVX) ~lJl11::~lJ alkaline . , 
phosphatase lu,:nf:JJ~~1L~:JJ~~;1U,Elci1~ihrtJ~1~qjYl1~~ii~ (p<0.05 LL~:: 0.01) lu,,sl~ 90 

lu,LL1n LriElLfitJlJnlJn~:JJ SH (1t1~ 21) LL~::rT~fl~L~:JJ~~;1u,~Eli.t1mnu,1u, 30 lu, nElu,~';)::~~, ~ ~ 

~1~~:JJ11nLtL~ tJ~nlJn~:JJ SH 1 U,,s1~ 60 lu,~~'Yi'1 tJ"lJEl~n11'Yl~~El~ (0150 LL~:: 0 180) LL~::LrlElli, , 
~11LL"lJ1U,~ El tJnl11 Lfl1El"lJ111W'lJU,1~ 0, 1 0 LL~:: 1,000 ij~~n1:JJ/nl~n1:JJ J1V\,rn~1/ lu, 

(PMO, PM10 LL~:: PM1000) U,1U, 90 lu, LriElLmtJlJLfitJlJn'lJn~:JJ OVX 'V'l'lJl1LaJii~~~El1::~'lJ, 
alkaline phosphatase lu,:nf:JJ 1~tJLaJ'Yhli~"'L~:JJ:ffu,v\1El~~~~Ltl,;)1nn~:JJ OVX tJnlu,n~:lJ~

, q 

L~1lJnl11Lfl1El"lJ11"lJU,1~ 100 ij~~n1:JJ/nl~n1:lJ J1V\,rn~1/ lu, (PM100) ~1::~1J alkaline 

phosphatase lu,:nf:lJ~~1~~nl1n~:JJ OVX ~~El~1::tJ::Ll~1~L~1'lJ~11 L,su,L~tJlnlJn~:lJ~ 
~ q q 

L~1lJe1Elf(:JJU, EE ~1::~lJalkaline phosphatase lu,:nf:JJ~~1ff~Elci~~El~Ll~1 Laj~1~,;)1nn~:JJ
~ ~ q 

OVX lu,1::v\11~1u,~ 120 LL~:: 150 (0120 LL~:: 0 150) ~~~1~ff~ii' ';)::rT~fl~~~Elci';)u,n1::~\llu,~
~ ~ ~ 

180 (0180) ~~.yhli~1 alkaline phosphotose "lJEl~V\u,n~:JJ EE lu, 0 180 ff\lnl1"lJEl\lV\u,n~:JJ 
~ q ~ ~ q 

OVX LL~::LaJn~1J~u,~1::~lJ"lJEl~V\u,n~:JJ SH lu,"lJrn::~d::~'lJalkaline phosphatase lu,:nf:lJ"lJtl~ 
~ ~ q 
I 

V\u,n~:lJ SH ii~1fl~Yi~~El~n1d'Yl~~ tl~ 1801u, 
~ q 

~ I 

59 



Treatnlent 

I 
I 
I 
I 

"'* 

~--+rl ---+~_~I--.,, r'----· .L I ----..., 
I 

90 no 150 180 

Days 

'juri 21 LLfi~h'lfilLu~lJ alkaline phosphatase 1u:ut3J 1u'V\un~3J sham (SH) LU~~'V\U~L~11J 
til'll. 'II 

nl~~~rr"L"li (OVX) 1l1£J'V\~",nni.~11Jfil~ esthinylestradiol (EE) 1U"1JU1~ 0.1 ij~~n13J1 

fi1~n13J Jl'V\un~1/1U 'V\1Eli.~11Jfil~LL"1J1U~EllJn111L~1El"1Jl11U"1JU1~ 0, 10, 1 00 LL~~ 1,000 

ij~~n13J/nl~n13J Jl'V\un~1/1U (PMO, PM10, PM100 LL~~ PM1000 ~l3Jfh~1J) L1JU 
I ~ 

O.J I &::t I I Q...ot 

L1~1U.1U 90 1U LLfi~"~lLU£J"LUU3Jl~~~lULuVn~n~3J SH LL~~ OVX L'YllUU * LL~~ ** = P 
oU • 

0"" d "'" .... I 

< 0.05 LL~~ 0.01 <ill3J~l~U L3JElL'Yl£J1JnUn~3J SH 
'I 

60 

http:L1~1U.1U


d:;~1J tartrate resistant acid phosphatase 5b (TRAP 5b)1u6fif:JJ 

1uluLLdn"lJEh'lnld'Yl~HHh'l (00) L3J~lJfll1:JJLL<1In~h~'Yll~ffn~lud:;~lJ"lJfh'l TRAP 5b 

d:;'V\il~'V\ltn~:JJ SH LL~:; OVX (p>0.05) LL<il1l1rJ'V\~~'iilln~<1I1~i.,jU1U 90 lU (dU~ 22)
'U 'I 'U 

d:;~lJ TRAP 5b 1uV\un~:JJ OVX ff~nilV\un~:JJ SH 1ulu~ 30 (030) Elcil~~,r~~l~ru'Yll~
'U 'I 'U 'U 'I 01 

ffn~ (p<0.05) LriEl1~nl11Lfl1El"lJl1~lJil1un~:JJ PM1000 d:;~1J TRAP 5b ff~~UElcil~ij
'I 'U 

,rrJ~l~ru'Yll~ffn~ (p<0.05) <1I~El<1lnld'Yl<1l~El~ 1u"lJm:;~n~:JJ PM10 LL~:; PM100 ff~~UElcil~ij
01 , 'U 

,rrJ~l~ru'Yll~ffii~ (p<0.05) LQ~1:; 0120 LL~:; 0180 LriElLmrJlJLYi rJ1JnlJn~:JJ SH 1u"lJrn:;~
01 . 'I 

d:;~1J TRAP 5b 1un~:JJ PMO fl~~<1I~El~nld'Yl<1l~El~LL~:;L3JLL<1In<ill~'iillnn~:JJ SH (p>0.05)
'I 'I 

TreatmentBone loss induction 

--+--SH 

D.. 

-ce: 

5..75 

::4.25 
E 
==3.75 

- -t- -EE 


-C-PM)\OVX ) 


~PM10 

~PM100 + :* :t 
___.>HOC< ~ ~ 

::~~*:~=::-"~~i===~~lr:--llllliiii;:;~::<:::.~** 
CD 

~~----------__---------------__---------------__-------__---------------__---------------r-----------~ 

o 30 60 90 120 150 180 

"itlri 22 LLff~~filLQ~rJ tartrate resistant acid phosphatase 5b 1u6fif:JJ 1uV\un~:JJ sham 
is 'U 'I 

(SH) LL~:;v\u~L~11Jnld~~1~L,j (OVX) 1l1~v\~~'iillnL~11Jffld esthinylestradiol (EE) llt 
'U 

"lJltl~ 0.1 ij~~n1:JJ/nl~n1:JJ ,rlV\,rn~1/1u v\1ElL~1lJffldLL"lJ1U~ElrJnl11Lfl1El"lJl11lt"lJltl~ 0, 

1 0, 100 LL~:; 1 ,000 ij~~n1:JJ/nl~n1:JJ ,rlV\,rn~1/1lt (PMO, PM10, PM1 00 LL~:; PM1000 

<1Il:JJ~l~lJ) dJUL1~lUllt 90 llt * LL~:; ** = P < 0.05 LL~:; 0.01 <1Il:JJ~l~1J LijElLYirJ1Jn1Jn~:JJ 

SH 
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nTH) il1J 1"1 UrH~ 

,nnn1d'Yl~~ e:h'l~~:J..n1U,tl~~L~ tnnlJrj'Yl1ilU,L:n.JLtl~l~dL"ilitn (estrogenic activity) 

~tl-Jnl11Lfl1tl~11'V'nrh~n1d'Yl~~tlutl'YlfLtl~1~dL"ilitnLL~Tyf-J1u,~~1'Yl~~ tl-J (in vivo) LL~::1 U 

'V\ ~ tl~'Yl~~ tl-J (in vitro) 1u,'V\ ~ tl~'Yl~~ tl-Ji.~~nH1rj'YltLtl ~l~dL"ilitnoiJ tl.Jnl11 Lfl1tl"lJ111~ rJ1,r 

MFC-7 proliferation assay LL~:: Hela cell proliferation assay (Cherdshewasart et aI., 

2004; 2008a) fflu,n1d~nl~n1u,~~1'Yl~~ tl-J Atln1d'Yl~ ~tllJn1dL"il1ru"lJ tl-J Lsn~ ffL~ tlUaritl-Jfl~ tl~ 
~ ~ 

(vaginal cytology assay) LL~:::JJ~~n (uterotripic assay) 1U,'V\U,LLd'YlL ~~L~tI~i~1-Ji.,j
~ ~ 

(Cherdshewasart et aI., 2007; Malaivijitnond et aI., 2004; 2006; Urasopon et aI., 2008b; 

Cherdshewasart et aI., 2008b) n1d~~~~~tl-Jd::~lJeltlf(:lJu, luteinizing hormone LL~:: 

follicle stimulating hormone lu,snt:JJ"lJtl-J'V\u,LLdYIL~~L~tI~~~1~i.,j (Malaivijitnon et al. 2004) 
~ 

LL~::1U~~LL~:JJL~~Lij tll~L~:JJlt1LL~::~-JLL~:JJlt1'V\:JJ~~d::~~hL~ tlu, (Trisomboon et aI., 2005; 

2006) LL~::Lri tli.3JU1U,:JJTn'Yll-JYi :JJi~tI~ tl~Ldlni.~~lJ11rj'Yl1fL:n-J Ltl ~l~dL"ilun"lJ tl-Jnl11 Lfl1tl 

~11~1 :JJldtl ~dl"ill~i.~"illnld~~ ~1 :JJ~n1d~~ ~-J~ tl~J1'V\,rn~1"lJ tl-J'V\U,LLd'Yl L~~L~ rJ~~~1~i.,j
~ ~ 

~-JdLiitl~"illnnldi~1-Ji.,j"il::Yh1~'ll1'V\,rnil1U,'V\UL ~~L~ tI~~;]u, (Urasopon et aI., 2008a; 
~ ~ 

2008b; Malaivijitnond et aI., 2010) ~~~~~i.~"illnnld'Yl~~tl-Jlu,flf-Jiin~tl~fl~tl-JnlJ~~nld 
'Yl~~tl-J~i.~lu,tl~~ Ju,Atl nldi~1-Ji.,jill1~J1'V\,rn~1'V\u,L~:JJ;]u, LL~::nld1~nl11Lfl1tl~11Yh 

~ 

1~J1'V\,rn~1v\u,~~ ~-J~1:JJ~U1~~1~ ~-J ~~~i.~fl ~1 tlnlJ1u,'V\ U, ~i.~1lJeltlf[:JJU,Ltl ~l~dL"ilu 
~ ~ 

~-JLfld1::~ (17 D-ethinylestradiol lu,~u,l~ 0.1 ii~~n1:JJ/nl~n13J JTV\,rn~l/lu,; EE) ~-Jn1d 

~~~-J"lJtl~J1V\,rn~11U,'V\U,L ~~L~tI Lrl tli.~1lJnl11Lfl1tl"lJ11~:JJ~ut (LL1..Id~n ~U,) nunld 
~ 

L~:JJ;]U,~tl~J1'V\,rn:JJ~~n1l1t1v\~~"illn~i.~1lJnl11Lfl1tl~11 (Malaivijitnond et aI., 2004; 
~ 

2006; Shirke et aI., 2009) Lritl~~~1:JJ~~~"lJtl-Jnldi~1~i."l1~tlJ1V\,rn~:JJ~'Ylt~tl-JtllrJl::~ 
~ 

L~EJ1~tl-JnlJnd::lJlu,n1dL:JJ~llJtl~~:JJ Atl ~lJ, i.~ LL~::ar1:JJ ~lJ11~~~ittltl:JJ1n LL~::Lritll~ 
nl11Lfl1tl~11v\1£1LL~::eltlf(:JJU,Ltl ~1~dL"ilU~~Lfld1::~ EE ni.3J~ ~~nd::'YllJnlJ tlltll::Lv\~Td 

~ldi.Yn~ Ltl~1~dL"ilu,"il1nnl11Lfl1tl~11 tl tlnrj'Yl1fi.~l~ EJ L,yl~UnlJ estrogen receptor 

(ERs) ~-J~tl~"15it~ Atl ERa LL~:: ERP LL~"il::~lJnlJ ERP LL~::nd::~u,nldLL~~-Jtltln"lJtl-Jflu i.~ 
~ 

~n11nld~lJnlJ ERa (Kuiper et aI., 1998; Onoe et aI., 1997) ~l:JJldtl~U ERa i.~1u, 

L'd'tlL~tli.3J~"15it~ fflulV\qj"il::~U~d::lJlJ~lJ~u,( 1u,~m::~~1:JJ1dtl~lJ ERP i.~1U,L dtlLfltl 

'V\~lEJ"15it~ dl:JJ~-J~nd::~n l~tlLQ~l::tlcil-Jfl-J~nd::~n lumbar vertebra LL~:: trabecular 
~ ~ 

bone (Onoe et aI., 1997; Gustafsson, 1999) "illnnld~u,~lJ estrogen receptor 2 "lfit~ 1U 

11~n1t1flu,Ld1 LL~::LL~~::"lfit~~n1dLL~~-J tl tin1U,L dtlL£)tl~~l~nu, ~-JJu,~~~~1u,i~tI'<illu,1u,:JJ1n 
selective 

£. ~ ~ 
estrogen recetor. modulators (SERMs) 1~EJfll~v\1-J11 SERMs "il::tltlntl'Ylll~tlLU,tlLrJtl 

dJl'V\:JJl tI~~tl-JnldLL~::i.3J ~ ~ ~,y1~L~tI~~tl LdElL£) tl~u, ~-J"illndl tI.J1U,1U,tl~~~U11 
~ldi.Yn~Ltl~1~dL"ilu,"illnnl11 Lfl1tl~11n~rj'Yl1fdJu, SERMs L ariu,nu, 1~ EJ'ViU11 
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L~1~1Lil ~1~1L '<ilU~ ~1 :tJ11flLL~~h'll:]'YltiJ il~rlU~1111::n1::~n~1U L~ ~ ~~n1::~Un11L '<il1ru"lJ il~ 
~ ~, , 

:tJ~~n L,jU Lrlil1iL'<ilU~L~au (genistein) 1U"lJU1~ 0.5 - 0.7 ij~~n1:tJ/lu LLriv\uL:tJi~i~1" 
~ ~ 

L,] ~1:tJ11f:liJil"rlUn11~ruLff£JLdiln1::~nLitilltJ1"L~1~ £JL~~~~~iln11L'<il1ru"lJil":tJ~~n (Fanti
~ ~ ~ ~ ~ 

et aI., 1998; Ishimi et aI., 2000) v\ULL1'Yl~i~1"L,]~nUil1v\1151Lv\~il"~~:tJrlU
~ 

~11Lill6})'~~111U (isoflavone content) fiil L'<ilU~GiU (genistin), L'<ilU~L~aU (genistein), ~1a~ 

'Bu (daidzin) LL~:;~laL6})'aU (daidzein) 1U"lJU1~ 1 ,462.0, 25.1, 590.0 LL~:; 11.3 ij~~n1:tJ/ 

nl~n1:tJ 11h~u5"'HV\~ il" ~Ui1~hij~~LtlL~:tJfl11:tJv\U1LL1-iun1:;~n"lJil" femoral bone LL~L~ 
~ 

~~~~il,rTV\Un:tJ~~n (Arjmandi et aL, 1998) LL~:;Lrlil1~ Pueraria lobata ~"LtJU~an'~1:;n~ 
~ ~ 

L~ £J1rlUn111 Lfl1il"lJl1LL~:;~~11L~1~ Lil ~1~1L'<ilUL,jUL~ £J1rlU 1~LLriV\UL:tJi~ i~1"L,]~Ui1 
~ 

~1:tJl1f:lLtlu11L'Yll1111:;n1:;~n~1UL~l~ £JL~ij~~~iln11L'<il1ru"lJ il":tJ~~n (Wang et aI., 2003) 
~ ~ ~, 

l1fln1:;~n~1u-;ij~ilLtJu.n£J ~ £JU ~~il £J 6) Ln~ ~",fU~iJ1 £J~1U1V\tU~"~n~'<il:;i.~1i1 
~ ~ ~ ~, 

Lrlill1flL~:tJLn~LL~:;~n'<il:;i.~v\11TInl1iJ il"rlU ~lh £J'<il:;~1:;V\unrlU11~1'd'n~ elLrlilijn11LL~n~n
~ 

"lJ il"n1:;~n ~"Lrl iltl" L1~1,rUl1fln1:;~n~1un11 £J LL1" Ln'U,L~ £J1 £J1 LL~1 LL~:;~iJ1 £J ~1U1V\ tU'<il:; 
~ ~ ~ ~, 

"lJ1U"lJ11£JV\1'Yll"1nMlt1fl Lrlili.~ul :tJldY1:tJl-;ij£J"lJ il"L11i.~rlU~uiln111Lfl1il"lJl1~1:tJ11f:l 
Uil"rlU (prevention) nl1~ruLff£J:tJ1~n1:;~n LL~::fl11:tJv\U1LLuun1:;~n 1U'V\ULL1'YlL~"'L~£JLL~:; 

~ ~ ~ ~ ~ 

L~f1~¢lL 'V\tt£J1u,11~Ln~1111:;n1:;~n~1U1~£Jnl1~~~il3Jti"L~f1ililni.~ ~",rU~"LUUtl1:;L~U~ 
~ ~ , 

2007; 2008a) 

m:tJlru,"lJil"n111Lfl1il"lJ11~1,nunl1~nMlflf"d fiil 10, 100 LL~:; 1 ,000 ij~~n1:tJ~il 
nl~n1:tJ,rl'V\un~1~illu LUUtJ1:tJ1ru,~ij11£J"lUi1~1:tJ11f:lUil"rlUnl1~ruLff£J:tJ1~n1:;~n 1u 

~ ~ ~ 

'V\ul~L~:tJl£JL~f1L~£JLL~:;L~f1~~f:lni~~f):tJu"L~f1ililn (Urasopon et aI., 2007; 2008a) 
~ ~ ~ 

.... ..... 1 ~ ~ A' ~I 
1:;£J:;L1~11unl11v\~11U1U 90 1U Un11f1nMlfl1"ULLJUnl111"LL~U~1:tJnl1'Yl~~il""lJil" 

~I .J ~ tl.J IDDevareddy LL~:;fl ru,:; (2006) 1~ £J LLJU1:;£J:;L1~1'Yl~1 :tJl1f:l L 'V\unl1L ~ £JULLLJ~""lJ il":tJ1~n1:;~n 
~ 

111 £J'V\~"'<illnnl11~~11Lill6})'~~111u 1U'V\ULL1'YlL~"'L~£J ~L'V\ii£J1u,11~Ln~1111:;n1:;~n~1u 
~ ~ , 

'<il1nn11i~1"L,]L~ 

n111i'V\uLL1'YlL~f1L~£J~~1"i.,] L~ ilLuui1LL'YlUff~l'Yl~~il"1unl1~nMl11fln1:;~n~1u 
~ ~ ~ 

1uflu~ilrJ1U1111:;~1il"f1ilf[:tJUL~f1LtJulTInl1~U£J:tJrlU (Khalil et aI., 2005; Soung et aI., 
~ 

'I "'" ~..; .d
2006; Ren et aI., 2007) 1~£Jn1:;~n LU'V\ULL1'Yl'<il::L'<il1ruL~:tJ'Yl (peak bone mass) L:tJilv\Uil1£J,~ ~... ~ 

L~ 6 - 9 L~ilU LL~:;:tJ1~n1:;~n'<il:;L~:tJ~~~"Lrlil'V\Uil1£JL~ 12 L~ilU (Ke et aI., 1996) ~",ru 
~ ~ , 

1Un11'Yl~~il"flf"d~~'Yhnl1'Yl~i;H)"1~ £J1i'v\UEl1 £J 6 L~ilU L~ El~~lf'<il-;ij£J1Un1U'i\)lnn11
~ ~ 

LtJ~£JULLtl~""lJil~:tJ1~n1:;~n'<il1nEll £J"lJ il"v\U '!ufiil n11L'<il1ru"lJil"n1:;~n1uv\ul£JL~n v\1iln11 
~ ~ ~ ~ ~ ~ 

~rULff£JaJ1~n1:;~n1Uv\ULLri El rJ1"L1n~1:tJn11~ElU~Uil""lJil"n1:;~n1Uv\U'<il:;~l"rlU1un1:;~n 
~... ~ ~ ~ ~ ~ 

LL~~::an'U~ LL~::1un1::~nLL~~:;~1U 1~£Jn1:;~nLdElltJ1"'<il::~n11Ltl~ £JULLtJ~"i.~L11niln1::~n 
~ 'lI ~ 

..¥ I ..... ~ VI.... 1 &'f 

LUElLLUU (Thompson et al., 1995; Bloomfield et aL, 2002) ~"'<il:;L'V\UL~'<il1n UV\'JL~"'LlI£J 
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nl1LU~rJ'U,LLt1~h1 (~~'h1) "lJfJ~n1!:~nLttfJlt11~LdfJ~~1.Ji.,j'U,1'U, 90 l'U, LL~!:nl1LU~rJ'U,LLt1~.J
'II 

~ &' A 1 a 1 ~ J' 1 ~ .f IIV &:I
(L VUJ"lJ'U,) L1I fJ 'V\ n111 Lfl 1 fJ"lJl1 u,nl1Yl~ ~ fJ.J fI'd.JU, 'U,"lJ rn!:'Yln'd!:~n L'U,fJ LL 'U,'U,1Jnl1 

'II 

LU~ rJ'U,LLU~.J (~~~.J) ~,rElrJ1IlnLL~!:l3JLL~n~l.J a cil.Jihrtl~lT1IYYll.J ~n~ 111 rJ'V\ ~.J~ln~~1.Jl,j 
U,llt 90 llt 1~ rJ~!:~l 11 1 'd1:1 L V;u,nl1L tJ~ rJltLLtJ~.J"lJ El.Jn1!:~n LttElLL';'u,i.~n~ fJ Lrl fJ ~~1.Jl,j LL~!: 

'II 


cv VI ... &! cv ..t cv ~ n I~ n 1 .f " 


'Wn'V\u, nu,lu,1:1.J 180 1U, Uan~lnu,t1.JL'V\Ut:-J~nl'dLu~ rJU,LLu~.J"lJEl.Jn'd!:~nLUElLLU,
I 

U, u,arJ1Iln
'II 'II 

111 rJ'V\~.J~ln~1~n111 Lfl1El"lJl1 ~.JJIt1u,nl'dYl~~ El.Jflf.Jd~.J'Yhnl'd~n~lnl1Lu~ rJltLLU~.J 
lf1'd.J~11.J'd!:~1J~~111f1"lJa.Jn'd!:~n 1lt~lun'd:;~nLttEllu1.J1J1L1rn proximal tibial metaphysis 

, 'II 'II 

(Zang et aI., 2007; Filipovic et aI., 2009) 

LrlfJ~~1.J1,j'V\u,'Wlr:h %trabecular bone area (%BA) "lJEl.Jn'd:;~n proximal tibial 
'II 'II 

metaphysis ~~~.J 1u,"lJru:;~ bone marrow cavity L~:JJ;]U, ~.J~El~fI~El.Jn1J11rJ.Jlu,~~1Ilriau 
'V\,rld~11nl1i~1.J1,j1lt'V\U,LL'd'YlL 'W~L~rJ~1111'd1:1in'Lb1~Ln~1111:;n1:;~n'W1u,1~ (Fanti et aI., 

'II 'II , 

1998; Arjmandi et aI., 1998; Zang et aI., 2007; Filipovic et ai, 2009; Picherit et aI., 2001) 
~..t a ~ r cv t;'I 

LL~:;,J1nnl'd'YI~ ~ El.J fl1.Jlt~1J11n111 Lfl1El"lJl1 LL~:;rm1 L1IU,LEl ~L~1L~u,~.J Lfl11:;'V\ ffl 11111:1 

1J11LYll1l11:;n1:;~n~1u,l~ n111 L fl1El"lJl1 LL~:;eJ af'[11 ltLa ~1~1L~u,~.J LfI·n:;~u,Eln~ln~:;~
'II ,

Jo1 iJ cv &:I ..r " cv £
q'YIli u,nl'd fJ.Jnunl1~IYLfftlLUan'd:;~n (anti-osteoporosis effect) LL~n rJ.J~111111:1Elanq'Ylli 

nd:;~u,1~Ln~nldff11.JLitand:;~n (anabolic effect) 1~~1t1 1~rJLQ~l:;El cil.JLdfJ1~n111Lfl1a 
, 'II 

"lJl11lt"lJU,1~ 1 ,000 iJ~~n111/n1~n11J Jl'V\,xn~1/1u, ~.Jt:-J~~l~~El~fI~a.Jn1JnldYl~~a.J"lJa.J 
Picherit et al. (2001) ~rilnld'Yl~~fJ.J1u'V\ULLdYlL'W~L~rJEllt1 7 L~au LL~:;in'Lb1~aci1u,1l11:;

'II' 'II 

nd:;~n~dU1~FJnl1i~1.Ji.,jLL~:;i1.J'V\ul1U1U 80 lu, (OVXso) 1~rJ'W1Jl11l1rJ'V\~.J~ln~1~~ld 
'II , 'II 

lEl16J1'W~111lt~ln51L'V\~ El.J (soybean isoflavone) 1U"lJU,l~ 20 - 80 ij~~n111/n1~n111 
Jl'V\,xn~1/1u, U,1U, 84 lu, 'W1Jl1~1f11111'V\u,lLL';''U,nd:;~nLL~:; %BA "lJEl.J'V\U1U,lU~~rllrJ"lJfJ.J

'II 'II ~ 

nl'd1~ffld~ 0 164 ijLLU,11,r1J~.Jnl1"lJfJ.J'V\U OVX80 
'II 'II 

~1'V\11Jnl1LtJ~ rJULLtJ~.Jfl1111'V\Ul LL';' u,nd:;~n1 U 'V\UL 'W~L~ tI 111 FJ'V\~.Jnld~~1.J1ana an 
'II 'II 

LL~!:111 rJ'V\~.J,;)ln~1~11Jn111Lfl1fJ"lJl11U,"lJU1~~1.J 6) LL~:;eJfJ-fl1lU,L~~~.JLfl11:;~ fI~lt1f1~.Jn1J 
nl1LU~ rJU,LLtJ~.J"lJ a.J~l %BA Ju,~ a1l1£J'V\ ~.Jnl1i~1.Jl,j1 'U,'V\'U,L~~L~ £J LL~:;~n'V\u,11U,1'U, 90 

'II 'II 

lu, ril1~~1f1111J'V\U,lLLUu,n1:;~LttEl1tJ"f.JLL~:;fl11!1'V\'U,lLLUu,nd:;~nL ttaLLuu,~~~.J El cil.J 
'II 'II 

IV.... ~ &:I I " ..t A V] "cv 
~fJ~f1~a.Jn1JdlrJ.Jlu,'YI11:JJlnfJu,'V\u,1u, (Urasopon et aI., 2007; 2008a) LL~:;L:JJa L~d1J 

nl11Lfl1El"lJl1~hfl11 :JJ'V\U,lLLUu,n1:;~nL~ 1I;]u,fJ cil.J ~:JJ~w6n1J"lJ'U,1~~1~ 1~£JnldLtJ~rJ'U,LLU~.J
'II 

~:;~u,fJcin1J"1f,"~LL~:;~h LL 'V\U.J"lJ a.Jnd:;~n 1und:;~nL ita1U1.J~:;LV;unldLtJ~ FJ'U,LLtJ~.Jl~,r~L~u,
'11'11'11, 1 ..r I &:I ~ &'I 

nl~1 u,nd:;~nLUE)LLUU nd!:~nff1ULLnun~1.J (axial bone) 4 
Ih 

lumbar vertebra :JJnl1L'W:JJ"lJU, 
'II 'II 

"lJEl.JLitan1:;~n:JJlnl1nd:;~n~1u,'drJl.J~ (long bone) tibia LL~!: femur (Khalil et aI., 2005; 
'II 'II 

I , 

a ~ nl&:l nl
Soung et aI., 2006; Urasopon et aI., 2007; 2008a) L:JJa~,;)11ru,lnl1Lu~FJULLu~.Jfl11:JJ 

'V\U,lLL Uund:;~nll1 t1'V\~.J~ln~'V\UL'W~L~ t1l~11Jn111Lfl1fJ"lJl1 1~ £Jd1:JJ~:;LV;u,1~11n111LTl1E)
'II 'II 

"lJl11U"lJU1~~.Jff~ (1000 ij~~n1:JJ/n1~n1:JJ Jl'V\,xnil/1u, U,lU 90 lU) 1~t:-J~ln~Lf1[J.Jn1JLrlE)
'II , 
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hXeHrf[lItU'V'Wri~Lfl11:;lf (EE) 1U"lJ1-n~ 0.1 iJ~~n111/nl~n111 tl1V\unil/1U 8nyf~ rT~~fi1 
ff~n11fll111v\U1 LL UUn1:;~n"lJ El~n~1I~i~1~i.,jU1U 90 1U (OVXgo) LL~:;~fi11n~L~rJ~
'lI 'lI 'I 

(p>0.05) nun~1I~LllL~i~1~L,jElEln~L1~lU1U 180 1U (SH180) ,nn~~~~n~11ff11111f:1 
n~11L~11nl11Lfl1El"lJ11UEln,nn'cil:;ff11111f:1iJ El~nUn11ff~1 U (resorption) "lJEl~n1:;~nLL~1 rT~ 

'lI 

ff11111f:1n1:;~Un11fff1~ (formation) "lJEl~n1:;~ni.~n~l rJ ~~n~Lnn11Yh~lU"lJ El~nl11Lfl1El 
'I 'lI 

"lJ11L~EllV\'~~~~~n~11rT~Lll~11rJ~lU ~~tfu~~~El~~n11~nMln~i.n~~n~11~Eli.tJlutJ~ 2 

nElU~'cil:;vr~u1nl11Lfl1El"lJ11i.t1L1JUrn1nM111fln1:;~nYnU
'lI 'I 

~n111i alkaline phosphatase LiJuil~11'cil~~~111 (marker) n11LtJ~rJULLtJ~\I"lJthl 

n1:;~n1u'Yl1~fl~nn1l1LlJUL1~lU1U l~rJ alkaline phosphatase ~ElrJ1un1:;LLffL~El~~v\~lrJ
'lI 'lI 

1t1UUU (several dimeric isoform) LL~:;v\~~ElEln1l1'cil1nEl1rn:;v\~1t1"11n~~lrH)U L~U iu,
'lI 

n1:;~n, ~li.ti, 3J111, L~ LL~:;1n 'WU111umV\nJ~iuElrJ1uIl11:;t1n~ t11:;1I1m 50% "lJEl\l 
'lI 'lI ~ 'lI . . '"' 

alkaline phosphatase v\~~ElEln1l1'cil1niuLL~:;8n 500/0 V\~\lElEln1l1'cil1nn1:;~n ~~uu~~n~11 
'lI 

i.~11n11LtI~ rJULLtI~\I"lJEl~1:;~U alkaline hosphatase 1 uSfit1l1 Un11'Yl~~ El\lflf~dLn~'cil1nn11 
Ll1~rJULLtJ~~"lJEl~n11V\t~ alkaline phosphatase 'cil1nn1:;~n L'W11:;i.1l'Y1Un11Ll1~ rJULLtJ~~"lJEl~ 

'lI 

tl1V\,xniu 1l1rJV\~~'cil1n1lXnl11Lfl1El"lJ11U1U 90 1U 

1Uv\UL'W~L~ rJ 'cil:;LV;ui.~11n11~~1\1i.,j~~~'l'hllX1:;~u alkaline hosphatase 1uSfitll 
'IJ 


~ .J' d ..,1VJ '" "'..... ..,1 Q. I '" .J" 

L'WlI~'~"lJU 6Jl'\I~~'Yl L~ffEl~fl~El\lnU11rJ\l1U'Yl1l1l1nElUv\U1U (Shirke et aI., 2009; Li and Yu, 

'lI 

2003; Lee et aI., 2004) 1:;~U alkaline hosphatase luSfitllff1:kn1f:11iLlJu~"11ttU\l:JL~rnnu 
n11fff1~n1:;~n (bone formation), osteoclast cell proliferation, differentiation and 

'lI 

VJ'" 1 ..,1 ..... Q. • .J".d .....
synthesis of collagen L~ (Choi et aL, 2001) U"lJru,:;'Yl~"11UU\I"11LnrJlnun11ff~lrJn1:;~n 

'IJ 

(bone resorption) ntJlIlin11~11'cil1~n11LtJ~rJULLtI~~"lJEl\l hydroxyproline lUUffa'11:; LL~:; 
tartrate-resistant acid phosphatase (TRAP) luSfit1J ~\llUa'1l11:;~v\uLL1'Ylf:ln~~1\1i.,jfi1

'lI 'lI 

bone formation LL~:; bone resortipn marker 'cil:;~fi1a'~;rU (Arjmandi et aI., 1998; Arjmandi, 
'lI 

2001) 'cil1n11 rJ\l1U~ii1J1n ElUv\u1dL~ rJ1nU~~"lJEl~e1Elf[1I1-Utla'1~1L'cilU~\I Lfl11:;lfLL~:;a'11i.tl 
16Jl'~~111U~tl1:;~1J alkaline hosphatase lu:nt1J 'W1J11~~i.1la'tl~fl~El\lnU ,ru.~El ii~~rf\li.t1 
~~LL~:;i.t1L~Ul:;~1J alkaline hosphatase lu.tnt1J (Shirke et aI., 2009; Li and Yu, 2003; Lee 

et aL, 2004) LL~111Un11'Yl~~El\lflf\ld~~"lJ El~nl11Lfl1El"lJ11~El1:;~1J alkaline hosphatase 

1u;atll'cil:;i.llL~U,r~ LL~ElrJ1\1UElrJna'11111f:1LV;ui.~11n111fl1El"lJ111U"lJU1~ 1 00 LL~:; 1,000 

lIn.lnn. tl1V\unil/1U (PM100 LL~:; PM1000) 1U.1U~ 120 LL~:; 150 (0120 LL~:; 0 150) ii~h~\I 
n11n~:JJ PMO LL~:; SH ~\I~~n11'Yl~~tl~~i.~da'El~fl~El\ln1JnTl'Yl~~El\l"lJEl\l Arjmandi et al. 

't 

(1998) ~11LrltlllXEl1v\11~~~1U~a'1J"lJEl\l51LV\~tl\lLLnV\u.LL1'YlYi11lX1:;~u alkaline hosphatase 
'IJ 

lu;at1J L~:JJa'~;rU. L'cilita'L~au, ~lL:JJa'~1tl~ (coumestrol) LL~:;~la~L6Jl'aU a'1:JJ11f:1n1:;~u.n11
'lI 'I 

V\k\l alkaline hosphatase 'cil1nL6Jl'~~ MC3T3-E1 (osteoblast-like cell line) (Kanno et aL, 

2004) ~11 rJ\l1U11 a'11i.tll6Jl'~~111Ua'1:JJ1f:1iT1Jff~nTla'~1 rJn1:;~n"lJ tl\lL6Jl'~~ osteoclast 
'lI 
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• IV IV r;" •

(osteoclast resorption) lli.'l:;n1:; ~)'UnTH~'11\1n 1:;~n"lJ Eh'ILsn,H'~ osteoblast (osteoblastic bone , ~ 

formation) (U and Yu, 2003; Sugimoto and Yamaguchi, 2000; Brynin, 2002) LLi.'l:;L~ElihJ'u, 
LEl1snvJi.'l111U,nn5'JL'V\~ El\ll iLLrl'V\'\UL 1'Yl~~~1\1i.an'Ylnlu U1U 3 L~ElU Lll1Jl1n~~1:;iu 

~ , 
deoxypyrodinoline 1 UULlLll1:; (bone resorption marker) (Arjmandi, 2001) LL~:;lU,Ll1l11:; 

vdEl\l rmTI1JULEl Ll1<il1LllU1l1 nnl1~~1\1i.an Lll1Jl1n,rnUlnl1Ll~1 £.Jn1:;~n1~ £.J Luvn:; El rJl\1 ri\l~ 
~ 

n1:;~nL'dEl1u1\1L~ V'l1j'hnl1LLLl~\I El Eln"lJ El\l ER~ mRNA 1un1:;~n L iiEl1tJ1\1tilU distal 
~ ~ 

femoral metaphysis LL~:; lumbar vertebra i11Jlnnl11un1:;~nl iiElUliu tilU femoral 
~ 

metaphysis (Onoe et aI., 1997) ~\l1l:;LlEl~fI~El\lr1Unl1'Yl<il~El\ltt~~unl1LU~£.JULLtJi.'l\l"lJEl\l 
n1:;<iln L iiEl1U1\1f11 £.J'V\ t\l1l1n~1i nl11Lfl1El"lJl1L V;u i.~,r~LllUnl1nl1LtI~ £.JULLtli.'l\l"lJ tl\ln1:;<iln 

~ ~ 

LUEl LLliU 1l1nnl1'Yl~~El\lttll:;LV;ui.~111:;~U alkaline hosphatase 1usaf1J 1 U lULl~111 £.J"lJEl\l, 
nl1'Yl~i.'lEl\l (D180) 1u'V\u'YInn~1J (£.Jnd'un~1J EE LLi.'l:; PM100) ntu~uti1:;~1J"lJtl\l Do ~\I 

~ 'I' , ~ 

LLLl<il\l11 bone turnover ntu~utiLlfll1:;un~ 
~ 

Tartrate resistant acid phosphatase 5 b (TRAP 5b) Ll11\1LL~:;'V\k\l1Jl1l1n 
osteoclast ~\I,fU~\lLll1Jl1n1,rnl1LtI~£.JULLtJ~\I"lJEl\l1:;~1J TRAP 5b 1usaf1J dJU~GJjihj\l;rnl1 
Lli.'l1£.Jn1:;~ni.~ ~\lll:;LV;ui.~1l1n1:;i1J TRAP 5b 1usaf1J~Ll\l;rulU~lJl£.J11f1n1:;~n (Halleen 

~ ~ ~ ~ 

et aI., 2000; Chu et aI., 2003; Mose et al 2003) U~:;~<il~\l1u~lJl£.J~L~1ULll1~El~lUnl1 
~ 

~~1r.1n1:;~n (antiresorptive drugs) (Koizumi et aI., 2003; Voskaridou et aI., 2003) 1uV\u 
~ ~ 

LL1'Yl1l1t1'V\t\lnl1~~1\1LanUnU 3 L~ElU1:;iu TRAP 5b 1usat1J L~1J~\I;rUtlrJl\1i1,r£.J~l~ru'Yll\1 
~ ~ 

~fl<il (Songlin et aI., 2009) 1Unl1'Yl~~El\lflf\ltt1:;iu TRAP 5b 1 utnt1J L~1JLl\l;r'U.l'1Wn 
~ 

111 £.J'V\t\l1l1n~~1\1i.,jU1U 30 lU ;f\lttLrtEl\l1l1nnl1~~1\1i.,jrl11i1:;~Ue1Erfl1JULEl ~1<il1LllU 
IV A01"'..... ..,. .,f

~~~\I "ll'n"n 'V\Ln~nl1~ruL~£.JLUEln1:;~nLLi.'l:;Ln<ilfll1:;n1:;~n~1U (Urasopon et aI., 2008b) 
~ ~ ~ ~ , 

1<il £.JilLthL~lnl1LU~£.JULLtI~\I (nl1L~1J;rU) "lJEl\l1:;~U TRAP 5b 1U'V\U~~~1\1L,j1l:;<il111liu
~ 

L~1l1 £.J1Uanl\1 Elll1<ilrfLL1nL'Yilt!U L~11:;'V\ ~\l1l1n,full:;di~nl1t111J~lL,rltiLlfll1:;t1n~ (Surve 
~ 

et aI., 2001) 'V\t\llinl11Lfl1El"lJl11:;~U TRAP 5b lusat1J L~1J~\I;rU lU"lJru,:;~LdEl1i EE 
~ 

Q....oI Q".,I t • J.1:;~U TRAP 5b lu6fif1J i.:J-iLn~nl1LtI~£.JULLUi.'l\l<ili.'lEl~nl1'Yl~i.'lEl\l i.'lnH-ru,:;~\ln~11U\I"ll'11 

nl11Lfl1El"lJl1 LLi.'l:; EE i1ni.'lLnnl1ElEln'l'YI1flun11iJEl\lr1ULL~:;1nNl1l11:;n1:;~n~1U~l\1nu 
~ 'I 

LL~Elcil\1i.1n<ill1J~i.'l~i.~1l1nnl1'Yl~~El\llUflf\lttrT\Ii.:J-lL~ £.J\I~El~ll:;Eln-Ul£.Jni.'li.n~\ln~111u1:;iu 

L6Jf~i.'l1~ ~\lfll1~<il111l1~1:;~U"lJEl\l bone resorption ~l~U ') L ~1JL~1J L~u sialoprotein v\1El 

pyridinoline cross-linking telopeptides 

1l1nnl1'Yl<ili.'lEl\llUflf\lttL11L~tI\lLL~1~nl1t1~£.JULLtI~\I"lJEl\l %BA, fll11JWU,lLLliu 

n1:;<iln, 1Jl~n1:;<ilnLLi.'l:; 1:;~U alkaline hosphatase LLi.'l:; TRAP 5b lusat1J L'Yht!u ~\I,rEl3J~ 
~ ~ ~ 

~L~iJ\IL:J-lL~ tI\I~El~1l:;~1t1i.~11nl11 Lfl1El"lJl1~ni.'lLnnl1El Elnq'YllfdJULanuL1~ ElL6Jfi.'l~n1:;~n, ~ 

~\I,rU~\lfll1~1l:;~El\lrhnl1'Yl~i.'l El\l L~1JL~1J L~ £.Jlr1Un ~Lnnl1El Eln'l'Yllf"lJ El\l 

Lll1i.vJ1<il LEl Ll1<il1LllU~ Llr1~i.~1l1nnl11Lfl1El"lJl1 ~ El n1:;Ulunl1Ll11\1lLi.'l:;Lli.'l1 £.Jn1:;~n"lJ El\lLsn~ tf 
~ 
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L~11n11n'U.n111LfI1f)"lJ11~11111rliJf).Jnun11~~1tJn1:;~n (anti-osteoporosis effect) LL~:; 
v 1 

'U 

... ..,~A1i1 v~ I ~ 
1nH1f111:;n1:;~nvn'U. (anabolic effect) WV\'U.LL1l1L'YH;'lLlItJ L~ 6Jl.J 'U. 1l1l1J'U.U'W1J11~11Ylf)f)n

'U q 'U q 

& ~ ~ ~ ~... 1 ~ ... ,''' ...,... ~A 

'll11)n1:;~un11~11.JLUf)n1:;~nl111"lJ1 £..I Ul1 f).J~~1~ 11 f) [JL 'W [J.J~1 L~ £..11 fl f) eHn LlIU 
q 'U 'U 

'V't111L l11f) tJ~ LL~ f) ci1.Ji.1ii~111n111i'lmnllU'W111Ll11f) [J~ii ih~.J~,y1.J L~ [J.J ~ f) til1ifl~ULff, 

f)1L~[JU, th~~1, ~:;fl11~"lJ1 LL~:;Ll[Juf'j1H:; LL~:;~11fl1LL'W.J1I1n ~.J,rU~1J1[J~1'U.1'Vnu~1i
'U 01 

eJf)nllu'W111Ll11f) [J~~ndJU~1J1 [J~ f) ci1ufl11:;n1:;~n'W1'U.offu1'U.LL1.J~1i [J1~UL~i.~LL~1 'V\1f)
'U 'U 'U q q 

L~f) [J1~u1,n~i.~~~LL~1 (Ng, 2009) 1l1n~~n11l1~~f).J1uflf.Jd~.Jiif)i.~11n111Lfl1f)"lJ11 
~11111rl~,;):;1idJu~1L~ f)n'V\it.J 1 un111nH1f111:;n1:;~n'W1'U.L~ uf)n1l1ndn111 Lfl1f)"lJ11 rT.J~ 

'U q 

,r8~ L'V\Uf)n111i'eJf)nllu~.J Lfl11:;.J~1"~n111 Lfl1f)"lJ11 rT.J~11111rlLtJ~~n11Ln~LL~:;n11L1l1qJ 
..: ~ ... ~ 

"lJf).J1I:;L1.JL~1UlIf)n~1tJ (Cherdshewasart et aI., 2007b) 
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,ruGf~U 
'I 

1. nTli~1"i:'l11uVluL~~Li1r.J'yh1,xJ1V1unilL~3Jtf"~U LL~::nTll,xnll1L'"1~"lJll'yh1,xu1V1un
'lI 'lI 

il"lJ~"VlUL~~Li1FJ~i~1"lall~~~" ~rh"~3J~'U,TIn1J"lJU1~nll1Lfi1~"lJl1~1,x LL~::~~~l~ 
'lI 

fl~lFJnU~~"lJEl"nl1l,xeJ~f[3JUL'VHj'l~"Lfl1l::~ (17u -ethinylestradiol, EE) 

2. nl1i~1"lallyhl,xtt1V1un3J~~n~~~"1UVIUL ~~Li1 FJ LL~::Yhl,x,llV1un3J~~nL~3Jtf,,;rUL~El
'lI 'lI 'lI 'lI 

1,xnll1Lfl1El"lJl1 1~ FJ;runu"lJul~~l~ LL~::~~~i.~fl~lFJn1J ~~"lJ~"nl1l,xeJEli13JUL ~~ 
..... &" 

tf" Lfl11::VI 

3. 1UVlU~l FJ 6 L~ ElU nl1i~1"i.alllUVIUL ~~Li1FJ LL~::~nllU1U 90 lU tfl3Jl1ni'ntbl,xdi~
'lI , 'lI 

l1l1::n1::~n~1Ui.~ tf"lun1::~nLd'~ltJ1"LL~::n1::~nL'tt~LLUU yf"1U~lU diaphysis LL~:: 
'lI , 'lI 'lI 

~ 1 th &"
metaphysis Lm::'Yl" un1::~nLLnun~1" (4 lumbar vertebra) LL~::n1::~n"lFJ1"fl (tibia

'lI 'lI 

and femur) 

4. nl1l,xnl11LTl1~"lJ11U1U 90 lU luVlu~nni'ntbl,x~tllull11::n1::~n~"lul~FJnl1i~~El3J
'lI 'lI 'lI 'lI' 

..... i.' o'lovJ" ,"l" "lJ 'Yll LVIL u~n1::~n (%trabecular bone area) Tl113JVI'U,1LL'U, un1::~n LL~::3Jl~n1::~n 
'lI 'lI 'lI 

L~3J;r'U, ~tll"~3J~UTIn1J"lJ'U,1~nll1LTl1~"lJl1~1,x 1~FJnl11LTl1~"lJ111U"lJ'U,1~ 1000 

ij~~n13J/nl~n13J ,l1V1unil/1'U, i1 ~~ln~L~FJ"nUn111,xeJ~fl3J'U,L~~~" LTl11::Vl1U"lJ'U,l~ 
0.1 ij~~n11J/nl~n11J J1V1un~1/1U anyf"rT"i1Tiltf\lnll"lJ~\In~1J~i~~El1J1"lall~Elntl,l'U,

'lI , 

901U (OVXgo) LL~::i1Tilln~L~FJ\I (p>0.05) 

5. n11i~1\1i.allEl~n, nl11,xnll1LTl1El"lJl1 LL~::nl1l,xeJEli11JUL~~~\ILfl11::~tfl3Jl1nn"l::GlU• 
nl1L~1J;rU"lJ~" alkaline phosphatase lutfi~1Jl,xtf\l;ru ~\Iu,,;1~·hiJ';)-:ilrJ~"n~11i.tJi1~~Yh 
1

'lI 


°v ~ ~ 

VI bone turnover rate L~3Jtf\l"lJU 


'lI 

6. nl1~~1\1i.all, n11l,xnll1 LTl1~"lJl1 LL~::n11l,xeJ~i13J'U,L~~~" Lfl1l::~~11Jl1nn1::<il'U,nTI•.,: ~ 1 .,. ~ 1 °v ~ A ,..r
L~1J"lJU"lJ~\1 tartrate resistant acid phosphatase 5 b (TRAP 5b) U6Jl"l3J Vltf\l"lJU 6Jf\l1J\I~ 

'lI 

lli1,;)~FJ~\In~llltJi1~~'Yhl,x bone turnover rate L~3J~\I;r'U,
'lI 

~..r a1i. ov , ~ ..,. £2'1 .....7. ,;)1n~~nl"l'Yl~~~"Tl1\1Utf1u ~llnll1LTl1~"lJl1u~n,;)ln,;)::3J~'Ylliu~"n'U,n11tf~lFJn1::~n 

(antiresorptive effect) LL~l rJ\I~13Jl1rln1::Gl'U,nl"ltffl\1n"l::~n (anabolic effect) l~ ~\1 
, 'lI 

Tll1~,;)::~~Ulnll1LTl1El"lJ11~ ~i.tJLyj EllidJUFJ11 unl"l1nM11 1Tln1::~n~1U1Utf~1tf\lltI 
'lI' 'lI 
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'11 

'21 tl L~Utl LLUt 

,nn~~~L~lutJ~ 1 


(antiresorptive effect) LL~::~lJJ11Tm1::~un11~f1~n1::~n (anabolic effect) L~ ~~fl11~ 
• 'I 'U 

~~U1~ElLlhYlEl'YhL1Jurnlun111nM111fln1::~nYnulu,~~1~~1£.J LL~ El ci1~L1n~lJJL~Ell~ 
'U 'I 'U 

L~~~~ ~JJU1n! ~~fl11~';)::~nM1n ~'1nn11El Eln rrYlR"lJ El~n111 Lfl1El"lJ11~1::<ilUL'1J~~Lff£.Jri ElU 
'U 

<il~,fu,lutJ~ 2 (~~lflJJ 2554 - nu,£.J1£.Ju, 2555) ~~11~LL~U,~,;)::'Yh~lUi~£.J~El,;)lntJ~ 1 <il~ii 
'I 

1. ~nM1~~"lJEl~n111Lfl1El"lJ111u,n111nM11l11::n1::~nYnu,1U~UL~~~~<il~ e)rn'Yl::ElEln
'U 'I 'U 'U 

2. ~nM1n ~Lnn11El ElnqYlR"lJ El~ ~11LyJl~ LEI ~1~1L ';)U~~n~L~,;)lnn111 Lfl1E1"lJ11~ EI 

n1::'lJ1Unl1~f1~ LL~::~~l £.Jn1::~n "lJ EI~ L'1J~~n1::~n"lJ EI~~U,LL1Yl 1U~~ EI~Yl~~ El~ 
'U 'U 'U 

3. ~nM1n~Lnn11E1E1nqYlR"lJEI~~111'VH~LEI~1~1L';)u,~~n~L~,;)lnn111Lfl1El"lJ11 ~lU<il11'lJ 
"lJEI~nElftJJu,LEl~1~1L':ilu,"lJ EI~ osteoblast 
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