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The Biomechanical Characteristics of Isoflavone-Treated
Ovariectomized Rat’s Femur

S. Kang Y. H. Park M. K. Paik A. S. Om

ABSTRACT

This study was to investigate the biomechanical characteristics of isoflavone-treated ovariectomized growing rat’s femur.
4-week-old Wistar female rats were randomly divided into 5 groups and assigned to sham(SH) group, and four ovariec-
tomized groups consisting of one ovariectomized(OVX) group and genisetin(10 mg/kg b.w. Y OVX+G), daidzein(10 mgkg
b.w.J(OVX+D), and 17 B-estradiol(10 g/kg bw.)(OVX+ES) in AIN-76 modified diet for 8 weeks. The OVX groups
gained more body weight than the SH group. Femoral weight was increased by feeding genistein and estradiol, whereas
femoral length among groups was not significantly different. The breaking force, stiffness, deformation, and energy values
of the OVX group were lower than those of other groups. The stress, strain, and Young’s modulus values of the OVX
group were higher than those of other groups.

Keywords : Biomechanics, Isoflavone, Femur, Ovariectomized rat.

1. M E Z Fgaso] Qo] dutHQl Holz HFH7L folsi
olAZEES HZTEE A, uih AE U &,
HERl= S vES FFe T7kER ATSE A guan @4, 48AAKgrowth factor)e] 2ol Fol
A2 dd e, AEAY, FUFF, AERA 1 3¢ 2 ¥ 23 g9E MR Ao: Ry
A%y 2 M3y AHozRE <kAEsA ¥t 3 g rH(Miksicek et al., 1995).
(Adlercreutz, 1990). ©o]u] 23 Suivitg o]ito] wl=ql H7A7) G4 B8 2924 dadEA Asd F
o] FEFY APES LI YoH I F 0%E o9 F FAT AFPolA, Kalu 5(1988) tiFghH o]
Aelth. ATzh Aol ¥ J2EZA A o7 RipdM zERg zdstd F U 2% 58 @
AEdA A3 Ed3Fe JHEse Felson 5 AA7m AFe 24 AFTE 29 Hw% BE I}
(1993)e] 522 djx] @ ¥j(Hormone replacement ther- 51 B 7t B} 912, Arjmandi 5(2000) isoflavone
apy)oZ ol ALk ohd = rpue sht o o Rojo) os) TULI) FosA Ftge BES
2ol HJuiHoz fuer wAo YFEE FUMA ) gk
Ao A ATKSt Clair, 1998). AN dAE AAGNH FUE} FAsta wo
wetA, 24 FA o YEREA estrogendt A Zge] dHeko] zhaslE AoE #BEEol dAaAA
2L G FAEL JHHoE A2 plant estrogen  A|go) FrhESI o] J2rERAL ZEL ujA
of ¥ AFrt &Es] dAHo foh dEHA @ Adeie] FAF TRl 2§ HGurkan et al,

phytoestrogen?] ©] A & &} E(isoflavone) e FAlEol t}  1986).
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2EE 2 3738e dolr it
2. Mz Y gy
7l MESEL AR

AR A A o3 3FqAM HAA L] A
e 650 FA olEr) AAFo) F= W AEI:
(Thomas et al, 1988), G4 AA 4L Ad = 9=

Aol oF 458 Ag ustd 2 AP 259
Hol oA B (Wistar female rate: (F)8Els) 459
98 o 397 BYAoIR AN F ovkely 5T
° 2 ¢ H(randomized complete block design)S o]-&
& & ERAA o] F 47(B6vHE)2 ketamin hy-
drochloride(50 mg/kg b.w.: Seoul Livestock)o z v}z
T & GAE HASE <%(ovariectomy : OVX)
shom, Uex @ FEUe)e flAE @ & o

2A ve T AAY F dAE FANAN %2
1

L

T

o

Gstiti(Sham : SH). W WAG 479 AT 2
& AIN-76M Aolg A FsPoer ynix 3
Z} genistein?} daidzeinS 10mgkg b.w., 17B-estradiol
10 ughkg bw.,, 22 AIN-76M Alolo] &&3te] §
Atk AYo) AL8E genisteind} daidzein
77}y BioSpectrum(Yongin, Korea)@} Pacific. Co.
Inc. (Yongin, Korea)ol| M = Zuro} Algstgom, &
L & genistein®] 90.1%, daidzeino] 88.0%%3t}.

2EE FEEL 2HAAL HA oM B

g
L AMdel 8L eE 22T, 3
i

o

fo 4N to N Al ot b do
o

FE 65+ 5%, 12417k 2B 77)(AM 6:00~PM 6 : 00)
of 2SN ALH o2 Agsle] Abgsidnt A
Fe @ 4 P2 AT3A1, A cagest

- EH

E 7)FE Br)Re 0de ux)3)
7] 918 0.5% Ethylene Diamine Tetra Acetic acid
EDTAZ e ¥ FFF2 AFste] Agsigd.
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Lt. AEAlof
Aol ALEH HolxAe 37 HAo Wad o
YhE BT L3 HA|Aol(soy protein free semi-

purified die)= 3} 7, 71EHoZ AIN-76 pattern
(Reeves et al., 1993)-& ujelr zAstgch A 2o
o 82 AAE b4 Q)(casein: Screma, France), <
T ARUWREFE), STF71EATHF), e
T3E(AIN-76 Vitamin Mix: Dyets Inc., USA)3z &
714 &3HE(AIN-76 Mineral Mix: Dyets Inc., USA)
& A8Egn APl ¥AYHE pEgon
A 7

2471 Folle WG BAste AdA AT
Ch A2 *FH R 2N

HE =S AHEse FA wWo 2FHo] 9= =2
&, A, AW 58 AR AMAst FA} Ao
3 A74A HERBA(-75C)8 Aot
HE &e] FUx(Bone Mineral Density, BMD) =3
2 olFduiA WAl FUE ZA7)(Dual Energy
X-ray Absorptionmeter: Hologic France, Massy, France)
2 A2%=E EA7IE o]&3ste] Total femoral BMD
(T-BMD), Diaphyseal-BMD(D-BMD)2} Metaphyseal-BMD
(M-BMD)E =% 3} %) ti(Pastoureau et al., 1995).

HEES AL =9 F d3o] APHE E<t
AzHA RESE 495 BArAn. dEze 2
o|(Mitutoyo Absolute digimatic, Model CD-15CP, Japan)
g A F FIFYY 9XE FANT TS Texture
Analyzer(TAXT2i, Godalming, UK.)& o] &3} three-
point loading 5 © 2 crosshead speed(5 mm/min)<]
02 Wy} BHX7] A7) 1)) (breaking force,
Ny& 43U Wl 7tajAE 3t (load)o] F7+et
of wa} Aol Ko Zsbste] MM 1
HzZ7t JetEd I 718707} stiffnessN/mm)o] of
(Turner and Burr, 1989).

A¥dne PR3} ZEAAE Yehdglon], PSS
(Statistical Package for Social Science 11.0, SPSS Inc.,
USA) Z2I& o]&3rt. Ay Alole #9
’d-& one-way ANOVAE A}&3le] A% ol A



Z Three-point
i 7777 Loading

Fig. 1 Bend moment applied to femora with 3 point
loading(—-: original position).
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12¢cd
=7 3)
E— F L3 4)
d 487
o17]4 F : Breaking force(N)
0 : 2Z(stress, Pa)
g : 3 E(strain, m/m)
E : &4 Al5(Young’s modulus, Pa)
c Mg FAFHAA FHE] Azl (m)
d : ¥ ZH(mm)

A

EERIRE]
o Apke kit Bk

A3lo]] Al4-H Texture Analyser

Table 1 Texture analyser specification

Item Value
Force range -5~ +5kg
Force Resolution 0.1gm
Speed range 0.1 ~ 10mm/sec

0.01%(0.1 ~ 5mmy/sec)

Speed Accuracy 0.1%(5 ~ 10mnvsec)

0.1 ~295mm
0.0lmm

Range setting

Range resolution

Display speed, distance, force
AGHE AP Smm/ming] =2 37 thE T
Pe sote dEZo) ghds] #oW WA W
78] Q. Fig 21 97 OE 2 dved A
o]},
VBl B8 yiew Fumat Pracesslam GoTo ;A Window  Help =laixt
JD@ j ol ﬂ]_l;j_ﬂﬂlvl EsN -
Hame i orce 3
[—- . ﬂ v/ | &3
’ '#J TCL0:
-
Sps 1] oo
Patam No._ Value Uni: !
ALY
o s 1w 13 20 25
ol Tiae fsec)
T
For Help, press F1 NUM

Fig. 2 Measuring a breaking force and stiffness.
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o} oldsk ZEe F giEZe Iy 2 (breaking force)

of taME Besgs g 4AL THATE RS

7L ME 7t

b4 HA F 8F T AF S7bHS Fig 39|
A YERG 2438 Sham(SH)ol| H]&] YA HAAZ
(OVX)e] B 80g A= A Yeldch 28y v
AA ¥ genisteing A|F F(OVX+G), da HA
% daidzeinZ A FIHOVX+D), d4& AA & 17B-
estradiol & A &3 F(OVX+ES)oXE da A3
T(OVX)ell H|sted A Fo] 10 ~ 31g A YEFT
TR o2 AFo] #Aadhe Aol YEYAT 5

weight gain
450
400
350 -
—~ 300
= 250
% 200 (
s 150 |
100 +
50 -
0
SH OovX OVX+G OVX+D OVX+ES
Group
[ minitial Ofinal_|

Fig. 3 Initial and final mean body weights of
isoflavone-treated rats.

AXA F9 B4 AR2E fF94o] gle HoE
LFEFSETHP < 0.05).

Gordin et al.(1993)0] W4 ZExje}l #H 7 A

A9 APl hg 8o 22 0 2 androstenedione©)

estrone 0.2 HEH = XHZzZF o] FI1EHA Ho AHF

NA2E

o] Azl ol dirERAS Fogozy dhg
T Jvn Bk} o] A ZAsIY F43A
W genisteind} daidzeine] AERAF & FIE

JEs] wEelebs feke

L. CHEIZS| £ ¥ ZHo| ¥s}

e Ze] FA 2ol Table 29+ 2tk A= 100g
% dEZ9 FAl= SH ol Hlal dA HA) FellA] 3
o 169mg AL VIl oy, WA HA FHOVX)LS
% A % genistein, daidzein?} 173- estradiol A3
o vusle W 2 ~74 mg FAE HEHIZ FAI
A ek

e Ze] dols da dA
gow vz FE YEFE Aol Aol 0.63mm
oJUZ vjERTH

olglgt A3 Aze H F(001)0] o|AFTE
Zo] dAEA HAF o Zdiatel FoAHd AolE
A et 72T dA g

o] ok 1mm xg_g:_ @-

W

Ch CHEIZO| ZX HEASHY ws)

E e 23

oft

ejehs W3l= Fig 4¢F Zth SH

Table 2 Femoral wet weight and length of isoflavone-treated rats"

s Wet weight Wet wet weight Length

Group”
mg mg/100g b.w. mm

SH 857.50 + 101.05™° 568.21 + 100.28" 33.80 = 1.52%
ovXxX 828.22 + 12445 399.13 + 38.17° 33.45 + 1.66
OVX+G 892.90 + 88.70 406.51 + 5847° 33.28 + 1.35
OVX+D 902.90 + 12.16 441.00 + 55.48 33.63 + 0.95
OVX +ES 830.60 + 88.60 43871 £+ 55.10° 33.17 + 0.88

" Values are Mean = SD(n = 9).

Y SH; Sham, OVX; Ovariectomy, OVX+G; Ovariectomy-+genistein(10mg/kg b.w.), OVX+D; Ovarlectomy+da1dze1n(10mg/kg,bw)

0VX+ ES; Ovariectomy + 17B-estradiol(10 ug/kg b.w.)
" Not significantly different among groups.

*® Values with different letters are significantly different among groups at p <0.05 by Duncan’s multiple range test.
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ovX

OVX+ES

Fig. 4 Photomicrographs of hisomorphological slides of femur in sham-operated(SH), ovariectomized(OVX),
ovariectomized + genistein(10 mg/kg b.w.)(OVX + G), ovariectomized + daidzein(10 mg/kg b.w.)
(OVX + D), and ovariectomized + 17B-estradiol(10ug/kg b.w.)}(OVX + ES) rats.

o2 A& growth plate)rl] Z 2] Z(proliferation zone)
F-olol A A W o] o] Fol i Wi, WA
HA TolMe F4 T 99 dF HAEEe B
HopA F& ol e AF Al E(lacunae)o]
FEHo Qo) W Al ool FAHJT 1Y
vh, W4 A & genistein, daidzein} 173-estradiol
AFTNHE i HAZOVX)Y Hste] dF ME
ol HlSfA| L dEFF HNEVF Folue Ao #
Axo} YA HAR Qs v|AAGAL W Aol 3]
x5S 2k

2t CHE[Z2] ST ¥ MAHsid Y W3

5 #¢] T-BMD(Total BMD)= SHF T H] 3}
YA ZAFOVX)e Y%7t 37 6 mgem’ =7
vebsth Zieluh o]# st Aol BAEd K94
S Holx ¥orh I dA HA ¥
daidzein¥} 17B3-estradiol #|&* Wi HATFHOVX)S}
o] #ALIME TAHA FARE HolX| itk tiF
##¢2] D-BMD(Diphyseal BMD), M-BMD{(Metaphyseal

genistein,

BMD): Al EAZQ Hol7|
(Table 3).

ole % 23}

FrojatE ookt
Ao AREE FHIE A7 olw o
ol Aoyl e Rem W
BATE FARAY FAMSE
a5 olAaZTutdd o8 FoAdEs &
Aoz godrh
Table 4= ¥ 9] breaking force®} stiffnessS
Bl ok thE 29 breaking force 9} stiffness= SH
#7 da AFOVX) Abolold §2H AolE
LEFHA] ekt ES dha
zein 3} 17B-estradiol A 373 i A HOVX)}e
HAAAE FAAJ] FARE HeolA &t diE
Z 9] stiffness, breaking force ¥ At oz JA] ¥
AR Fofakg Holx] gskth ahA|vE YA quﬂﬁf
Aol R[S A e FEH B
A det olhEetEe] YdasEie
oz H]loh
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ez Agrdl 2
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Table 3 Femoral T-BMD, D-BMD, and M-BMD of isoflavone-treated rats”

) T-BMD D-BMD M-BMD
Group 2 ) 3
mg/cm’ mg/cm mg/cm’
SH 2183 = 7.86" 2068 £ 1.70™ 196.5 + 7.43"
ovX 212.3 + 13.80 208.4 + 10.76 1973 £ 585
OVX+G 216.5 + 10.68 208.9 + 15.06 194.8 + 11.38
OVX+D 2142 + 839 202.9 £ 6.00 190.8 + 7.83
OVX+ES 2163 + 9.96 206.8 + 16.79 192.8 + 10.34

" Values are Mean + SD(n=9).
? T-BMD: Total BMD; D-BMD: Diphyseal BMD; M-BMD: Metaphyseal BMD.
Y SH: Sham; OVX; Ovariectomy; OVX+ G: Ovariectomy + genistein(10mg/kg b.w.); OVX+D: Ovariectomy+daidzein(10 mg/kg

b.w.); OVX +ES: Ovariectomy + 17B-estradiol(10 ¢ g/kg b.w.).

N5 Not significantly different among groups.

Table 4 Femoral breaking force, stifiness, and deformation of isoflavone-treated rats”

5 Breaking force Stiffness Deformation Energy

Group)
N N/mm mm NOm

SH 98.32 £ 4.96™ 65.49 £ 525 1.521 + 0.143% 0.074 + 0.010™
OovXxX 90.68 + 11.92 59.83 £ 10.38 1.529 + 0.094 0.069 £+ 0.007
OVX + G 9290 £ 6.75 56.35 £+ 2.16 1.655 £ 0.178 0.077 £ 0.014
OVX + D 95.57 + 5.85 61.60 £ 5.68 1.558 + 0.095 0.074 £ 0.005
OVX + ES 90.61 £ 6.12 56.55 £ 8.96 1.628 + 0.164 0.073 £ 0.005

" Values are Mean + SD(n=9).
?SH: Sham; OVX; Ovariectomy; OVX+G: Ovariectomy+genistein (10mg/kg b.w.); OVX+D: Ovariectomy+daidzein(10 mg/kg

b.w.); OVX+ES: Ovariectomy + 173-estradiol(10 £ g/kg b.w.).

™ Not significantly different among groups.

Table 5 Femoral stress, strain, and Young's modulus

of isoflavone-treated rats”

" Stress Strain | Young’s modulus
Group)
Pa m/m Pa

SH 60.69 0.51 118.95
OovX 62.15 0.51 121.68
ovX + G 57.74 0.57 101.50
OVX + D 58.15 0.54 107.40
OVX + ES 59.20 0.54 109.63

Y Values are calculated from mean data.

2 SH: Sham; OVX; Ovariectomy, OVX+ G: Ovariectomy +
genistein(10mg/kg b.w.); OVX+D: Ovariectomy + daidzein
(10mg/kg b.w.); OVX+ES: Ovariectomy + 173-estradiol(10

rglkg bw.).
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Fig. 5 Relationship between measured and calculated
deformation energy values of femur in 3 point
loading.
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