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Treatment
Treatment Bone marker
Author(s) Animal model genistein EF/BMD
duration enzymes
(mg/kg BW)
Squadrito et al., prevent endothelial
OVX rats 0.20, sc 28 days
2000 dysfunction
Khemapech et al., prevent endothelial
OVX rats 0.25, sc 21 days
2003 dysfunction
Anderson et al.,
OVX rats 0.50, P.O. 14 days increase femoral ash Not assessed
1998
Increase serum
Both doses had similar OC; no change in
Fanti et al., 1998 OVX rats 0.05,0.25, sc 21 days
Tibial BMD as sham resorption
markers
Ishimi et al., 2000 OVX mice 0.70, sc 14 days prevent trabecular bone Not assessed
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Binbin Li, and Prevent femoral bone loss, Increase serum
OVX rats 0.45, P.O. 84 days
Shifeng 2003 decrease IL-1 and TNFOU OC and ALP

EF; Endothelial function

OC; Osteocalcin, ALP; Alkaline phosphatase
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d‘ = a A 1 \ Y a =S d‘
MInaaesii 1 AnvwaveustanuneaNuHIHUYeInszan Fliafiuving 0.25 mg/kg/day) A
[y H d
ansefesnumsgadariinivesoulanidaarsaa (Khemapech ef al., 2003)
1] ' J
IHONATOUYNTVOIUAAUADANUHUNILUVDINTZAN 11AZ TZAU osteocalcin TUTFY

N/ < oo A
Tasuiadainaaouilu 3 ngu Avil

ngu sham,, Yninaaednz 1450 DMSO10% v11a 100pul/day
Ay OVX,,  dninaaesezldsy DMSO10% vuia 1oopl/day
nqu OVX,, Yo inaaedng 1850 wila@uving 0.25me/ke/day

Female Wistar rats (200-220 g)
n=60 (15/group)

v v ’

Shamven OV Xyeh OVXgen
(DMSO 100 pl/day) (DMSO 100 pl/day) (Genistein 0.25 mg/kg/day)
~— -
——
lwk 3wk

h 4 h 4

- Serum estrogen levels: ECLIT
- Bone mineral density : Bone ash
- Bone formation marker : Serum osteocalcin

o Y 3 @ o o o o 3 A A
wmmﬂclwmimamgﬂunm 18ag 3 ’dﬂﬂTﬂ ZMNITAUTAINAADILUALINULIADALND
o o . < < LY v 4 o .
m’m’;mmm@ﬁimmu 11aY osteocalcin Glu%ill Lﬂﬂﬂigglﬂ Tebia A1UHEY Lﬁ@@]‘ﬂi}’m Bone mineral
density

w

mIasndaszauealasuluasy
o A Ayvd £ gy Ay ~ g o : A A o Y d A <
ndeai laaana ingamgiives 15 wii anvh ldumdsaie I lagsunauGa 3000
] ~ ~ A ° = o Nd A Y Y A
seusouldl  Mgamgd  4°c, 10wl ahasudld ldesamszauealasioudieds

%

. . . Y = A A A 9
electrochemiluminescence immunoassay (ECLIT) Tagldganagonainuiiniiions 18
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Bone mineral density : bone ash

]
=1

° L.y v A A A Y o v 9 A o ) &
u’]ﬂigﬂﬂ Tibia MUK NN UDIYDDONLLAD uTqﬂﬂﬂiﬁllﬁﬁﬂﬂmﬂQN 100 C Shﬂjfﬂ”l 48%3111\1

$ ¥ o ¥ . & v oA A o p & 2 g 94 &
uag sahmin mndnihinszgn luwnswiudngungil c0o°c 19na1 1692 Tuanaliiguuas ¥
Y
UINUN

AN UVDWITINTUNTEAN = Ash weight x100
Dry weight

Bone formation marker assay

v A

o . o I ' o a
5¥AU  osteocalcin  1udin  lhiluawiivsuondemsadunszan  awnsoasiaiadieis

o

A o A A

Radioimmunoassay (RIA) Ingldyanagouainuiiniyens 1a

nsnaaesdi 2 Anwnalnveaniiafiuderaeadeniinszgnuazmsaiiamazaaienszgn

1 H '
Lﬁﬂ@]3')%1’]“]'61Ulﬂﬂ]@ﬂlﬂuﬁﬁu“ﬁ@@ﬂq‘ﬂ‘ﬁWWHﬂN VEGF, TNF-QU tag IL-6 Lazaiivianig

HUMUUYDINADARDATINTZAN
' " o d < ' v dy
Taguaianguaainaasuilu 4 ngu Al

Ny sham,,, dninaassaz 1850 DMSO10% Y11A 100ul/day

Ay OVX,,  dninaaseeyldsy DMSO10% v 100ul/day

v J

ﬂ’sj:iJ OVX,, Fainaassaz lasy 17B- estradiol YU Spg/kg/day

ngu OVX,,  dainaaees sy niladuvue 0.25me/ke/day

Female Wistar rats (200-220 g)
n=120 (15/group)

|
! ! ! ;

Shamyen OVXyen OVXg2 OVXgen
(DMSO 100ul/day) (DMSO 100 pl/day) (Estradiol Spg/kg/day) (Genistein 0.25 mg/kg/day)

1 wk 3wk

I ) ] }

Biomarkers Bone mineral density Vascularization in bone
- Serum estrogen levels: (ECLIT) - Bone ash study by intravital
- Bone formation markers microscopy image
: Serum osteocalcin; RIA analysis

: Serum alkaline phosphatase; Colorimetric
- Bone tissue VEGF: (ELISA kit)
- Serum TNF-a and IL-6 : (ELISA kit)

- Bone capillary density
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$1339%11 bone mineral density L8 MUVINOATIVNT VEGE

Bone formation marker assay
v . . ad Y v oA =< 9
3201 Osteocalcin g Alkaline phosphatase1u%iu 1%LﬂuﬂﬂfUUQUﬂﬂﬂQmiﬁ’iNﬂi%@ﬂ a3 0
A519 32078 Radioimmunoassay (RIA) 116 Colorimetric assay A14a191 Iﬂﬁli%ﬁﬂ%ﬂﬁ@ummﬁﬁﬂ

A A A 9
nedold

Enzyme-Linked Immunosorbent assay (ELISA) for bone tissue VEGF
° L. Y Y a ' o ) A A 5
1nszan Tibia muvnualiazives ladisazatonazii lUiumesianuGa 3000 sou
' a g a A o ] J ~ 0 ' o o o
Ao 1Huar 10 WA 0 4 °C, 1NVEIY supernstant N1 -70°C IUNINVLTINTATIVIATEAU VEGF 1ag
1% ELISA-Kit (Chemicon, USA) waminaaeufseuieunuannasgiuludadiu Picograms per

milliliter (pg/ml) of tissue sample

Enzyme-Linked Immunosorbent assay (ELISA) for serum TNF-@ and IL-6
hasunldnasiviasedu TNF-a uag IL-6 (Salvatore er al, 2003) @29 ELISA-Kit
(Chemicon, USA) Hinaminaaodfssumeunuamnasgiuludadiu Picograms per milliliter (pg/ml)

of serum

Bone capillary density of femur
v 9
M11M3 Canulate ﬁﬁﬁﬁlma@ﬂ Jugular vein ﬂlﬂﬂﬁﬂj{ﬂﬂﬁﬂ\i AMNMUUATITVIANUARUUUUUDN
WaOAIOALSINUNTZAN Femur 1A8N15RA FITC-dextran 191019 Jugular vein tazAny1a18nd09
. . g’/ o ' Y . . .
Intravital fluorescense microscopy NNUUMMIUNIANNHUUY Taa 1 1Usunsu Digital image

analysis
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Activity

5-8

17-18 19-24

1. Review literature

- ﬁW%ﬂHﬁLm%ﬂUﬂ’)u]iimﬂiiN

- dsdazes EJiJﬂTl”IlIW%}ﬂll‘UEN

4
IATDONND

a 4 & a
- ITYULAS IYONTLAY
2. Experimental design
- MmMsnaansi |
- himsnaansi 2
3. Data analysis
- ﬁﬂswﬁwamsmamﬁ 1
- ARFIEHHAMINART 2
4.Writing and submitting

the full-report

N

\ 4

N

15. #aMINAAdY

15.1 wava v HaRuAeA NNHUIHUYBINIZgn (JTliaAuva 0.25 mg/kg/day) Na1anse

[y = Y d‘ S A 4
ﬂaafmmigtymﬂﬁm‘nmmmuiﬂmammaa (Khemapech et al., 2003)

4 4 1 1 U Q'J
Lﬁi’)ﬂﬂﬁﬂﬂq%‘ﬁﬂlﬂQWUﬁEUQ’EJﬂ’J"IiJ‘HH"ILLMHGU’ENﬂigﬂﬂ 1182 52AY osteocalcin TUTTY

M15197 15.1 LAAINANITANYI Bone mineral density: bone ash ﬁﬂizﬁ]ﬂ femur A1y Tu

2 ' { 1 [ L4 [ v @ ]
Y N3 ﬂ’sjiJﬁ‘]f’NL’JﬂW 1 uag 3 guan ﬂa\?ﬂﬁﬁﬂ‘iﬂllﬁll

Femur Bone-Ash/Dry matter (%)

Group
1 week 3 weeks
Sham , (n=8) 63.26+1.32 64.18+0.47
OVX,,, (n=R) 63.29+0.83 63.53+0.19
OVXgen (n=8) 63.20+0.47 63.81+0.16
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1INHAN1SNAADINUI1 Bone mineral density: bone ash N5zAN femur a1ud1e Tungu

1 1 aa A @ J {1 % J
OVX,,, Wlinnuuananeadailefiennungy Sham,, 1ag OVX,, NFI199a1 1 uag 3 dilan

veh veh

WA INNITN OVX
1 [ @ 1 [ 1 [} 4 KX o [~
MANTUFIINAINA1I0E T UBIWITNVBINTVIAEDS 11U estrogen 2989 lumuns

d‘ o
nasunlasveaianszgnuniin
15.2 #aMIN1TINAA99 Bone formation marker assay
@ . ad PR = = 9 v 9 Aax .
5201 osteocalcin  1UEIN I uArHUWONDINIATINNIERN  A599IAAIEIT  Radio-

. 9 A v A A A 9
immunoassay (RIA) Iag l5ganaaouninuisniyens la

M13199 15.2 HAAINAUDY TEAVUFTY osteocalcin

Serum Osteocalcin (ng/ml)

Group

1 week 3 weeks
Sham_ (n-10) 44.01+13.06 34.75+9.58
OVX,,, (=10) 51.93+12.32 56.1747.37%**
OVX,., ®=10) 55.67+5.85 46.76+8.57*,#

gen

* p<0.05, *** p<0.001 significantly different as compared to Sham, .

‘ p<0.05, significantly different as compared to OVX_,

]

' Y
VINHANTNAADINYT serum osteocalcin MTUIUAGY OVX,,, Uag OVX,, vdnlid Ay

Y

NRAdAINEAUNGY Sham,, 16 1UNGY OVX,,, WUNTTEAVUBA serum osteocalcin INNAUITBENT

veh

1 1 v o w ana 1 { [ 4
NN OVX,,, 081U Ned YN Nada Tuaaan 3 dilas

veh
1 ] - [ 4 [ o 1 ] . =

MaN U 3 dldaivasnnmsvniages luu estrogen d9malf bone remodeling &8

=2 Y = ' A . A 2 o q YA

quaa ﬂizsﬂﬂﬁ]mmmmimuauamaﬂmﬂaﬂuuﬂawm bone formation marker Naaay 39N 1A
v Y 9 ! 1

MIFINNUYUVDY osteocalcin Glucmmmﬁuq Lﬁﬂiﬂ‘bﬂﬁmﬁlamm bone remodeling HaMINAan la

aeanananuauIdeluil 1991 (Kalu et al) trag 1993 (Marie et al)
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15.3 wamsmsnaaes 17p-estradiol

A15199 15.3 UAAINAVDN 52AD 53U Estradiol (pg/ml)

Group Serum Estradiol (pg/ml)

1 week 3 weeks
Sham,; (n=10) 28.09+10.83 25.86+5.10
OVX,,(0=10) 18.61+3.26* 16.97+1.94%**
OVX__ (n=10) 19.03+2.09* 18.35+3.53*%

gen

* p<0.05, ** p<0.01, *** p<0.001 significantly different as compared to Sham, .

NHAMINAABINYINTEAL serum estrogen 1UNJY OVX,,, UL OVX,,, AAAIDEINY
v o U an d‘ =) % 1 1 Y . . = 1 7 g’./ ]
WedAyneana Weieunungy Sham,, HaAI11N5 17 genistein 1UlNAADTZAY estrogen NI 1UFI

1 uae 3 dan

nsnaaesdi 2 Anwinalnvewniiafiudenasadeniinszgnuazmsadiuazaaenszgn
v o dy (] 1A

dainaaonimideslasuiailu 4 nguae

Ny sham,,, dninaansaz 1851 DMSO10% W11 100pl/day

Ay OVX,,  dninAaedezldsy DMSO10% yu1a 100pl/day

NN OVX,, dainaaoaaz 1851 17p- estradiol VU1 Spg/ke/day

nqu OVX,,  dainaaesldiy niladuvune 0.25me/ke/day

o & g e o A v o ¢
ﬁ@]?ﬂﬂﬁ@\?%\?ﬁ?ﬂﬂquﬂ']ﬁ\?!ﬁﬁl\ihl'ﬂﬂﬂiﬂ 1 Uag 3 f"f“lJﬂ'Wi
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154 wamsnaasahimsAnynNumivvesvasmasaredlunszgn  Taeld  femur
chamber (Figure 3) Lmzslf]gf} Confocal laser scanner {®W1A151UNANIN bone microcirculation (Figure

4)

Figure 4 MNJUAN bone microcirculation

& Y . . . ' Yy X
wmmﬂ“lﬂmw bone microcirculation 910 Confocal laser scanner ATUNNNYULAD I
) a 4 ' . .
e mdsnannuruiuves waamﬁmﬂaﬂ (capillary density , CD) Tag Image Pro
[ 9 [ 4 H Y
Software 1IN UNVDUAAE capillary U&HNUAVDS capillary NIMUAINTINAY (AININ Figure 5.3)

o o < J s A Ad o = . 2 A
tazinmamuanuosisua aonunNMMsAnN (window frame 350x350 um") AIUTNUNIT AD

% Capillary density (CD) = (Sum of capillary area/Total area) x 100
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4............

| |
Window frame .
.
| |
| |
| |
| |
\/
al prva 240 A A74
Statiztic Centerx | Centery' Pos. | Area
Min. W al. 139 244 71
Max. b al. 463 542 1355
Range 324 298 1284
Mean 8. 7867 3969733 IFE1867
Std Dev 95 34950 9121608 2535013
Sum 23909 29773

Mo, of Sample h h s}

Summation of capillary area

4 ¥ { 1 [
Figure 5 !,Lﬁmm’ialsla)'jlmage Pro software LNOW 1 UNVOILAAY capillary 1ad AUl Capillary

Density per frame of study 4919 window frame @mﬁunﬂmju

15.5 wamsnaaesnMsanBIANNHU MY IHaemaeadealunszgn
H v
M3197 15.5 aaawamsanenNuriuveiasadeareslunszgn femur Tuny N3 3

1 {1 o o o (I 1
ﬂqu‘ﬁmmm 1 ez 3 U ﬁﬁﬁﬂﬁﬁﬂi\ﬂﬂl

Values were expressed as means+SD. (n = 8)



Capillary density (%)

Group

1 week 3 weeks
Sham,, (n-8) 23.85+0.52 25.36+0.71
OVX,, (n-8) 20.40+1.00" 18.37+0.67
OVX,, 0-8) 24.70+2.04 22.08+1.10""
OVX,_ (%) 24.76+1.60" 21.36+1.16 °

gen

Each value is the mean + SEM (n=g).

* p<0.05, ** p<0.01, *** p<0.001 significantly different as compared with Sham,,.

# i
p<0.05, p<0.01 significantly different as compared with OVX ,,

MIHANTNAADINLIIANNH U UYBIasaioadosluNszan femur v0INGN OVX,,
anaI0d NNHEdIAYNINADA oMeuAUNGN Sham,,, OVX,, HAZAGN OVX,,, NF9a1 1 1ag 3
o d v v 1 1 . . 1 [ = A Y
da1 nasansela uanain genistein aw1sndredosnumsgadeasaoaroslunszgnld
M0 U estrogen FIAOANRDINVIIUIVBVDI Mekraldi tlazaaiz (2003) AWLIINTUIA estrogen W17
TIuraeadeAvBINTZgNanal tazilio 15U estrogen WU estrogen eansatloanumsgadouea

A A
NaoAnoa 19

15.6 HANMSNINABDANHINAVI UV HARAUAD serum TNF-O HaZ IL-6 (ng/ml) lunymni 3 nqui
¥aa1 1 uag 3 a1 vaamsdase1vlag 33 Enzyme-Linked ImmunoSorbent Assay (ELISA)
A15199 15.6 LAAINANTANY HAVDUIUAAUAD serum TNF- O 1482 IL-6 (ng/ml) Tu

J ?z’/ J § o 4 [ v v 1
Wagu GLL!W‘E]! NN 3 ﬂaqllﬁ“]f'NHﬁ’l 10 3 dUan Wﬁ\“lﬂ'li@]ﬂi\illell

Values were expressed as means+SD. (n = 8)
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TNF-a (ng/ml) IL-6 (ng/ml)
Group
1 week 3 weeks 1 week 3 weeks
Sham,,(n=8) 0.168+0.01 0.148+0.04 0.306+0.06 0.420+0.10
OVX,,(n=8) 0.289+0.18" 0.207+0.05" 0.315+0.02 0.421+0.04
OVX,, (n=8) 0.272+0.09 0.160+0.05" 0.414+0.22° 0.421+0.04
OVX,,,(n=8) 0.204+0.03 0.154+0.01" 0.303+0.06 0.440+0.09

* p<0.05, ** p<0.01 significantly different as compared to Sham, .

i p<0.05 significantly different as compared to OVX

1 1 31/ 1 { o 4 A 2 v
INADNITNANDINNYU OVX miummmﬁ 1 uag 3 g ﬁﬂ?ilWWﬁHﬂlﬂ\ﬁ%ﬂ‘U serum

veh

) 9
TNF-OL 08 19iiisdAyneadaiioeunaunqy Sham,, 1A52AD IL-6 WU TUNANUUANAIAUNG 3

veh

NG AAAADINUIIUITUDY Hughes HAZANE (1996) FINUIINITUIA estrogen dHa 19 T-cell Iin13

'
[ aa A

Y 1
@319 TNF-0L 1103y taghdrdgnuangu OVX,, iszau TNF-0L anasedeiiioddynisana

gen o

Y
%

[ 1 g < 1 Q( v
MeUNUNAY OVX,, 1INHANIINAB0IHLAA 1R U genistein 0ONYNTAA1Y estrogen TUNITTLEH

veh

msnamsonaulun1ig Ovx

15.7 HaMINARRINMIANIIATIZHM VEGF 11 serum 1875 Enzyme-Linked ImmunoSorbent
Assay (ELISA)
d' = [ gﬁ 1 d' ] Y 4
A13197 15.7 HAAIWANIIANYIAT VEGF 11 serum Tusiy M3 3 nguigianan 1 uag 3 dilav

naaMsaasa

Values were expressed as means+SD. (n = 8)
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Serum VEGF level (pg/ml)

Group

1 week 3 weeks
Sham, (n-8) 256.20+15.67 254.40+10.48
OVX,, (0-8) 176.00+17.49" 177.65+27.93"
OVXy, @-8) 214.70+18.65 262.60+24.22"
OVX_ (a-9) 212.10+32.05 258.15+37.36"

gen

Each value is the mean + SEM (n=g).

* p<0.05, ** p<0.01 significantly different as compared with Sham, .

#
p<0.05 significantly different as compared with OVX,,,

NNHANMINABINUNTZAY VEGF 104nq1 OVX,,, anasedniiisdayneadaiemouny

veh

] ' . . o [ Y
N4 Sham , UAEWUIT genistein 111501040 UN15AAAURITEAD VEGF ldmilou estrogen

veh
APANRDINUNANITNAABINMFANHIANNH UM UYBINaoARoaHos TUNTZgNUAazIUITEV0L Yen
LaZAME (2004, 2005) TNV estrogen AIUANNTZUIUNIT angiogenesis 1AATI 1AYHIU VEGF a4 11/

.
20N NTN endothelial cell 1A osteoblast

16. agiwamsnaaea
Genistein (0.25 mg/kg) a13159109numMII)asun1/aaues bone vascularization 48% bone
1 ' Y ' Y
remodeling Gluﬁuﬁgﬂ@]mq"lm Tﬂﬂaaﬂqmﬂummimuﬁumm pro-inflammatory cytokines LaZN13

anavBIITAY VEGF laganinsaajluazianidagli ie.1
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Aa ' ' A 3 A o A X
VEGF (A)  NimaseanunumivveIrasa@envIaanngzgn  taztoanumsiuIuYes
. . 1 v a Y A a A P =
proinflammatory cytokine %1 TNF-OL (B) uazffmﬂumiqﬂgmwmmmmuiﬂmaﬂmfaa ©) N

9
Y Y

Y Y
[ [ Y] = 1Y o 1 I a [ 4
damanemstlosnumsaaienizgnla  auiunnramsIveluaiiiezih ldgmsiamunaanmsian
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ietosnumsulasunilasvesnasadoauaz Mg donIanss1gueanizgnluans Jorua

szsudouldaae i
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1.1

1.2.

HNARHIN

d

Atchareeya Chanawirat, Sirima Khemapech, Suthiluk Patumraj, and Prasong Siriviriyakul.
Genistein replacement therapy on endothelial dysfunction and bone loss in bilateral
ovariectomized rats. Clin Hemorheol Microcirc. 2006;34(1-2):309-314.

Atchareeya Chanawirat, Prasong Siriviriyakul, and Suthiluk Patumraj. A novel femur bone
window chamber for in vivo studies of bone microcirculation. Asian Biomed. 2007;1(3):301-

305.

2. MSWEININANUIVY

2.1.

Atchareeya Chanawirat, Sirima Khemapech, Suthiluk Patumraj, and Prasong Siriviriyakul. Roles
of genistein on endothelial dysfunction and bone loss in bilateral ovariectomized rats. /"

International Conference Natural Product for Health and Beauty, Maha Sarakham, 2005

2 .2 . Atchareeya Chanawirat, Sirima Khemapech, Suthiluk Patumraj, and Prasong Siriviriyakul.

2.3.

2.4.

2.5.

2.6.

Endothelial dysfunction and bone loss in bilateral ovariectomized rats with genistein
replacement therapy. N151/5& 939115873 5 Ineraw UL szme Ine nsait 34,2548
Prasong Siriviriyakul, Atchareeya Chanawirat, Pattarin Sridulyakul, Natchaya Wongeakin, and
Suthiluk Patumraj. The alteration of bone vascularization in bilateral ovariectomized rats using
Confocal laser microscopy. Biomedical Engineering Conference. Chulalongkorn University,
2005

Atchareeya Chanawirat, Suthiluk Patumraj, and Prasong Siriviriyakul. Confocal laser images of
bone vascularization in bilateral ovariectomized rats. . 11515 YUININITATIINGIAVIAVUN
Wszmang asei 35,2549
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