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Effects of Soy and Isoflavones on Bone Metabolism in Growing Female Rats*

Choi, Mi-Ja*

* Cho, Hyun-Ju

Department of Food and Nutrition, Keimyung University, Daegu 704-701, Korea

ABSTRACT

The purpose of this study was to determine which differences in the source of protein (soy vs casein) and isoflavones
in soy protein are responsible for the differential effects of bone marks and hormones in growing female rats. Forty-two
21-day-old Sprague-Dawley female rats were randomly assigned to one of three groups, consuming casein (control
group), soy protein isolate (57 mg isoflavones/100 g diet), or soy protein concentrate (about 1.2 mg isoflavones/100 g
diet). All rats were fed on experimental diet and deionized water ad libitum for 9 weeks. Bone formation was measured
by serum osteocalcin and alkaline phosphatase (ALP) concentrations. And bone resorption rate was measured by de-
oxypyridinoline (DPD) crosslinks immunoassay and corrected for creatinine. Serum osteocalcin, growth hormone,
estrogen and calcitonin were analyzed using radioimmunoassay kits. Diet did not affect weight gain and mean food
intake. Food efficiency ratio was lower in the soy protein groups. The soy isolate group had a higher ALP and osteocalcin
concentration and lower crosslinks value than the casein group. Therefore, the soy isolate groups had a higher bone
formation/resorption ratio than the casein group. And, the soy group had significantly higher growth hormone than
the casein group. The findings of this study suggest that soy protein and isoflavones are beneficial for bone formation
in growing female rats. Therefore, exposure to these soy protein and isoflavones early in life may have benefits for
osteoporosis prevention. (Korean J Nutrition 36(6): 549 ~558, 2003)

KEY WORDS : isoflavones, osteocalcin, PTH, DPD, calcitonin, growth hormone, growing female rats.
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G 9 isoflavones7t ETHE%5 S oY sk &
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& A w2l isoflavonest HA7] 0)F oJAolA] o~
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A AMelM= 78A9 A F-9ell thsted endogenous
estrogen® 7O Z okl antiestrogen® 24 g8t
FE k. ARKSIE? o]ejgt o]2e] A isofla-
vones7t 437U 22 AAAAA 23]8] endogenous
estrogen®] 84S "oy f{olakA] X Zolgkes ¢
219LY endogenous estrogen?] 7]%59] isoflavones®l] <]
& avkE ARk ©e  oka AlRISHe ™, endo-
genous estrogen tAle)] &4 A% o] o ¥ is-
oflavones’} A5 endogenous estrogene] A3
myct 7 97} 74435k isoflavones: antiestrogen
ogx gt n® gl

a8y H2 A7 3R AE dCE isoflavonesZt
FHE T aAe] 4 A HE Uss dE Skl
3 Aoz Algdiy iy, T3 437] 4R F
oME isoflavones’} T35 F W HAL H39 thE 9
AT fEst Aoz veRdth'? I8yt isoflavones
+ estradiolZte] F2& AW dEl in viroollA oA
E2A gAY 243 9ol sl estradiold WS
o1 B 150 isoflavonesy AAEZZC] agonist Ei=
antagonist® 2Hg-3 4= Qloiy AglEg e mgY Ax A
A7) dRel 8 F AAAERAY sk vAE &3E

AEE o7t ok =3 d F 2 =g e 2e &

Gildo] Ak 2 20] FulE S A
23 A3 AF7PY gloy o)A digt AFE §lvh 1
21 #57 %2 oJAelA isoflavonest JAEZA o}
2 71702 Z43E FarA Sdred fd% anE
Beltky F43 A79l” FPE F3 AAH U=
Fos g2 i A3 Bt Qoerg® Ay
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1. M8 58 3 AE 49|
Sprague—Dawley 43 3 (60 = 5 g0 & F=43AH o
7z 7

& 52 A AEEE 29 o} 15

e XHALR (rat chow, A<D 2 ARSSE § daY
olg3to] 7} F 12viE)d 3T o= W] 977 A3
ol FF3Ut AFFEL 957 stainless steel wire
cageollA] & wlel¥ Ee] AREIslon, ARRAY 2xE
25 = 2T, 55+ 63 £ 5%% §X5kn WY # F7), &
F71E 12770] HEF 283tk A 717 F<t Ao]
9t B2 AREA AHA Sglen & EF 23 oln
FE ARSI AY Aol Wil Fhog FhAIRIT
Z @d g ARGt olw) F AL isoflavones?]
ks gajdly) 9)8he] isoflavones’t E5-3F soy pro-
tein isolate (isoflavones 3.4 mg/g protein) ¥ isoflavones
7} A9 o] A 22 soy protein concentrate®
2}z ARSI A3 B{ = caseind, soy isolate
protein®, soy concentrate proteini-¢|t}. 2]o]9] 7]E
ZAL AIN-93Ge 715 sto] AL A@Ao]
Z/J& Table 17} 2t

2. 4 2N

1) 0| 437 2 M3 3%
A 717 B Ao AT o5 & WY, AL
1590] & A QA Akl SRS,

1> o

Table 1. Composition of experimental diets (g/kg of diet)

Ingredients Casein  Soy isolate concsgr:l‘froTe
Caosein” 200 - -

Soy protein isolate” - 202 -

Soy protein concentrate®” - - 226
Corn starch 530 528 504
Sucrose 100 100 100
Soybean oil 70 70 70
Cellulose 50 50 50
Min-mix” 35 35 35
Vit-mix” 10 10 10
L-cystine 3 3 3
Choline 25 2.5 25
Tert-butyl hydroquinone 0.014 0014 0.014

"Casein high protein (total protein 85%), Teklad Test Diets,
Medison, Wisconsin, USA

?Soy protein isolate (total protein 84%, total isofiavones 3.4
mg/g protein), Profein Technologies International, St. Louis, MO
63188, USA

¥Soy protein concentrate (total protein 75%, total isoflavones
0.1 mg/g protein), Protein Technologies international, St. Louis,
MO 63188, USA

“ AIN-93G-MX, Teklad Test Diets, Medison, Wisconsin, USA

¥ AIN-93G-VM, Teklad Test Diets, Medison, Wisconsin, USA

s Calorie % of diet-carbohydrate : protein : fat = 64:19: 17
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9% AM% F B4 A 24417 B HAN
TR, ether vh] dfol EF-E Aste] dhsYollA
GAg AFST HFHE NS A2olM 30%
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£73& 9slo] A alkaline phosphatase (ALP)
9] £4& TECHNICON CHEN™ SYSTEM=- o]-£3}]
Az B437] (automatic chemical analyzer)® Z33153

1, osteocalcin®] F32 one—step solid phase® o}&

-
=34

8t competitive radioimmuno—assay'® ol 71&%t OSTE-
OCALCIN MYRIA kit (Techno genetics, Italia) &
radioimmuno—assay & & %,'Y gamma—counterg ©]&
3t e 3 A =S S0 3 5 532
2 % deoxypyridinoline (DPD), creatinine, crosslinks
value® Z4 L collagen crosslinks™ Kit (cat. No :
8001. Metra Biosytems Inc. U.S.A.) & o|£3&lo] ELISA
(enzyme=linked immuno sorvent assay)Hel 93l £
A3t Foirle) BEg T2R0 40 Z calcitonin,
PTH, 4% S22 ¥4 A|@dol] 229 &9} 1256—
0% ¥4 @ FAE T AHgste] gdn FAe ‘sa-
ndwich’ & A 3l4 3+ non-competitive radio-
immuno-—assay 0]&3%F DSL—-7700 ACTIVETM
Calcitonin IRMA kit, DSL—8000 ACTIVETM Intact
PTH IRMA kit (Diagnostic System Laboratories Inc.,
USA), hGH IRMA CT kit (Radim, Roma, Italia) © 2 ra-
dioimmuno—assay S 3t 'Y gamma—counterg o|&
gl g 3 AF A=E FA38ISITE d F estrogen
FTE &3S 318k Coat—A-Count estradiol kit (Dia-
gnostic System Laboratories, Inc USA)& ©|€38} ra-
dioimmuno—assay & & gamma countZ ©]-&38} £

shoiet,

3. 51 24
43 Aok SASE olgslel 24 BT FFY BF
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QAE AXEIG T, APF 71 B]HE One way ANO-
VA 48 o] 8315920 Duncan’s multiple range test
of o3 z AT Y FAEE AFITE 182
AE9} Z4F T2EE 748 4 BAIE Pearson corre-
lation coefficient® &3}t (p < 0.05).

21 % 12

m-r

1. H7 513, Aol f3F W 40| 289 0Al= 3%

T 1) AT TV B o] AT U o] &8
Table 2°] VRIS 95 7+ Als F7FE B4 2lo]
AFFE AT el {42 Aolzt gldic). o] a8
< soy isolateT¥ soy concentrateT®] caseinTHTh
ooz o} ohilal Flof we} 2o] ggo] thE A
Uelt ot isoflavones g °4—‘?—°ﬂ w2 zlolE LieR}
2] st A437) #AFe) A AR 2t dEledd] @
T%o] ¢ @7} & *372}01 w2 o FHellA A=
el go] AstEo] Q= F W] Ao] Fgol
U chilal g.go] o WA FrkE Aok

2. 3¢ NES S8 NE
Z 1A (bone turnover)& H7lshs Aslehy A FE=
79 §3 T &3 A Fo 5h GYE A5
, TP B S48 T 9o HEd A A
e A8t} o)k IPAY B2
ocalcin, serum alkaline phosphatase, = &3 X X2+
urinary DPD crosslinksZ ©]8-3}9=1] osteocalcin®}
DPD crosslinks®] @984 #4& HZ 2v359 ¢
48 BRE A FrAel gig 7 oAwiska Sold A
E=2 olgxm =" collagen? crosslinkQ! pyridi-
noline ¥ DPDE &7 ol Exsi & d=332
A= 7] wolxtt fejdc). Hx /‘ﬂi«] =9
tl8o] o]E collagend FAMES] HAIL ¥ =& % &
Mo v A=A vt weba] A U2 o]t crosslink
£ 4%k 2L & 57 5ol AuE KNI Q)

o} & & wAlSo) wE w & £ pyridinoline, DPD, cro-

1

I

= serum oste-

Table 2. Effects of soy protein and soy isoflavones on weight gains, mean food intake and food intake efficiency ratio (FER) in growing

female rafs

Group Initial weight (g) Weight gain (g) Food intake (g/day) FERY
Casein 773 +3.7" 160.8 + 10.2 13.75+ 0.8 0.17 001
Soy isolate 772 £ 3.2 160.6 = 8.4 1420 £ 1.72 0.16 + 0.01°
Soy concentrate 77.6 = 3.5 1589 £+ 9.2 14,62 = 1.35 0.16 = 0.01°

"Mean = SD

2Values with different superscripts within the column are significantly different at p <0.05 by Duncan’s multiple range test

¥Food intake efficiency ratio (FER)
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Table 3. Effects of soy protein and soy isoflavones on serum alka-
line phosphatase (ALP) and osteocalcin in growing female rats

Group ALP (U/ ¢) Osteocalcin (ng/ml)
Casein 64.88 + 10.68" 475 +0.73

Soy isolate 76,11 £ 20.23 519 = 1.16
Soy concentrate 66.77 = 2556 505 £ 0.92
"Mean = SD

sslinks value7} ¥°}AA] Btl. & 5 pyridinoline, DPD,
crosslinks value¥ £ % creatinine®] i3t ]2 vJehj
o o] %= Wi FEsTn BRusHy ik

Table 3°] 234 A& H ALP9} osteocalcin &
o gigk A7E VR

1) 88 225 2N (Osteocalcin)

LA QA (osteocalcin) & ol wl$- So)3t
EX 2E AES €4S Bristn 284 AEE U
sh= 7 2 Jdd NEZ Rudok? 22 e
2 49709 Z7)E 712 peptideZA] #{ollA] collagen T
o7 B2 decollagen EAE 3849 gamma—carboxyl
glutamic acid (GLA) #7]E £&32 2 hone—gla—~pro-
tein® 2 EHAZ|E 39 wo Solho|u}? e AH T
2 FEE fohd obselAM o 3, ARl Ha 4
Foll 23t ¥ g Fo|thrt 50~604 ARE ThAl S}
7] AP GAL RE A7 delA] AA3] ST
ol ciFEe] A AlelAl o] w17 A Bl o4
Boh o] exHZA ¥ o =0 ¥ F o
Hez s5e M 328 A% 328 5571 571
9 ARelAA 23, Aol Zame] e A 7)
T AdkE, 4R 328 ARFA Ale I v 2
a2 F AopP® B Agex] dF eAHZA ke
casein 4.75 ng/ml, soy concentrate® 5.05 ng/ml,
soy isolatei 5.19 ng/ml2 A F-9o)ut isoflavones
i ool mE Al Aol7t §l 2 isoflavones
7} ERg T WP e A soy isolateTo] caseinT
Ht} 91% ¥ FFoIqth 181 ojAE A3 AT
A 2 FH A7 73 A L2HZA 5
7} 16~18 ng/miQl el Hlake] 433] ¥ Holrk o]
2 Ajge] Qlo) UntA oz AR Fajo] oJAdel )
3l Frhy sh= AF® dAFIth A Y FE AT
e2HleZA F=5 2 blwsl] ¥, Murakami 578 45
¥ SDE 3 ¥ e2HeZA F571 30.8 ng/ml
FEolth By, £ A7 FEY 3 Aol
72 Sprague—DawleyZ ¥47 3FE dafow 3 A+
o4 13F# A osteocalcin FEE 5~13 ng/ml 5%

@

o2 Byst] B A7 A} uf¢ vEigich” 221
Hauschka & 57/01€ € 7 379 gzl 22H)
97 FEE 17 ng/ml, 918 B #% 50 ng/ml2 B3
slo] TRA7F B A7) L2H A FEE wolRE

¢ % ok

2) ALP (Alkaline phosphatase)

4 alkaline phosphatase (ALP)= &7 #Al9 X®%
2A 7P ESHA AR 2F A2 g4& s
a3y 8 5 ALPY o] W2 EE fsm ALPE 3
I AgME B Fo] u|Ast MgE wkedslr]d
E Eolxgl Aunrt BolAE @do] k™ dA ALP
EFE = caseint 64.88 U/ £, soy concentratew 66.77
U/ 4, soy isolated® 76.11 U/ £ © & soy isolateiro] 7}
Z Fohon o] Uy vlust 17.3% %< 50|
Qo AT 7ol FAQ Aole YAk T 2 A
To) Ay FEF FHo) A2 SDY FRY B¢ AL
FEE 77~88 U/L HAER FR9 A7 A 5 4
olgitt, 12lx AR7] AFeA o] Tl FHit
isoflavones?] HA7H= 8 F ALP &% 723 zlol&

vehA) sisithe A ATsh QRS

3) 2 % Deoxypyridinoline (DPD) crosslinks

Fgafol cist AsetA AEEHA pyridinoline (PYD)
9} DPD& 2 w9} AF FoellA WA=y Agojat
e 24 MR HAEd 28y &% W PYDY
Aol UL W] FrERE AHE ZAoR Bed 1
olft= 4AQl WA wWo] EAjsks go] AZ Ue A
Bo} B3, AF9) SAFEL u)f W) gEe] 83 A
B2 ul$ gigdsitia Qg se] Qlck® £3) DPDe A
o] iR o] collagenollAt HAHTZ pyridinoline
(PYD) Rt} ZE3E ulf- Soldoz wdslFe Ax
E BuE1 3ok

Table 4¢) & % DPD, creatinine and crosslinks value
o tigt 275 yehlith & F DPD $5€ 7HIUE
511.06 nMZ vwx] & Zro} f2d oz 34} Cro-
sslinks valuetx casein 95.34 nM/mM, soy concen-
trate? 90.07 nM/mM, soy isolate™, 86.71 nM/mM2.
2 ol F9olt isoflavones $Ht of ol mE F-24
el zlol7t §lgl ot isoflavones7t E5-§ F @A S A
# 3 soy isolateTo] FHAIQJIT BTl 9.1% 2 FF0I
t} & A8 ¥ # pyridinoline® crosslinks value
F5EE SDF A7) 3 879 4% 83~138 nM/mM
olgler 437] Al FH+ 55~85 nM/mMeI L

v,
do

12
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Table 4. Effects of soy protein and soy isoflavones on deoxypyridinoline (DPD), creatinine and crosslinks value in growing female rats

Group DPD (nM) Creatinine (mM) Crosslink value (nM/mM)
Casein 511.06 £ 82217 5.36 = 2.66° 95.34 + 29.06
Soy isolate 393.94 + 77.83° 454 +112° 86.71 + 22.87
Soy concentrate © 359,17 £ 122.72° 3.99 + 2.64° 90.07 = 33.85

"Mean + SD

2Values with different superscripts within the column are significantly different at p <0.05 by Duncan’s multiple range test

o 4 AA 87<] A$elEs 250~600 nM/mMelg)
oh? B A3 29 DPD $X+ 87~102 nM/mM2] ¥
A= A3 3 FFHNAM 83~138 nM/mME Hyg
A W} ekzk o Holu},

2o] thillA = jsoflavones’t THA A ¥ = &
3 Aol v)A|E= Yol ey G A 5Bl i)
3 F e deE vnd B A7 RuHh H
7 Aol dAa A g o)lg3 AFoIA isofla-
vones7t &H¥ T WA Z4HE A2 YL B
IEARTE'” Bonaccorsi $7& 7 F ojAdollA F wl
AL DPDY & F widE FHOE FAAAT, isofla-
vonest Z84 XE<Q 2 F N—telopeptide 55 F
gHow WO FHEAY AEA 22H N FE
= Afol7t glSith ol9jelE Draper 5,7 % W4 A 5
& B2doA isoflavones?} S|AEEZ RLE0Z QI35 F
e ARG E Buste] giRE PR FL)
£ AAAZE=s A3t gk w3 isoflavoness 413
T 713w g2A Jehed da Al H60
2} isoflavones 43S 0, 20, 40, 80 mg/kg wt./d &
o7 FFst Ae, o] FF 125 isoflavones 433
Zoll st 2o)7t IR 2} 24Fo)& isoflavones AF
o] 40 mg/kg wt./dQ) T 80 mg/kg wt./dQ! oA ¢
A BAR 7K 93 2 H QA w59 2 F DPD
HiAES FoFoR AT Rusiinh gk o
4 BA| #FHolA daidzin, genestein F+ glyciting 242
25, 50, 100 mg/kg/d¥ F33 Uesugi 52 AFol|A
+ glycitin®} daidzin® 50 mg/kg/d¥ FTFEL FolA
g 8 5 PYD$F DPDO] wijido] Zhasted Fofskel uje}
isoflavones?] &7} k24 Velstt). isoflavoness] &
S8l A mdhe AH P et 924 Jehg A3 AF
Fol digk A7 agEch

A7) FHE gidor F o] FjAl X Eef b
A AT AHEY, 95 719 F gl A3 4%
71 72 A9 PYDY crosslinks valueE 9¥7F 744
ZH O osteocalcin, ALP, & % PYD crosslinks value®l]
A Jg2 mxA] ZalRn” & A7l T &F

Table 5. Effects of soy protein and soy isoflavones on serum bone
formation (ALP, osteocalcin) /bone resorption (cross link value)
mark ratio in growing female rats

ALP (U/ ¢)/ Osteocalcin (ng/ml) /

Group ) )

crosslink value crosslink value
Casein 0.6805 + 0.044"%? 0.0498 + 0.0073”
Soy isolate 0.8777 + 0.054° 0.0598 + 0.0061”

Soy concentrate  0.7413 + 0.052” 0.0560 + 0.0062°

"Mean = SD
*Values with different superscripts within the column are signifi-
cantly different at p <0.05 by Duncan’s multiple range test

9] isoflavonesE ¥R/ 427 719 7ol PYD
crosslinks value7} ZHashs 2% HATEY £ Ao
Al soy isolateT2] 4olo] {8 isoflavonesS] &2
57 mg/100 g dietZ AHF T 1Y AHAFSE $lspa oF
34~42 mg/kg wt/d FFEOE HZ F XN &3
ARE ZaA7led 2o ATk B 40 melkg
wt./d,® 50 mg/kg wt./d*® 9} §A131 Foltt B Ao A4
oA Fg3] &R crosslinks valueE B® §2%lo)
%] kot isoflavones7F FH-3F F izl A3 A wghc)

4) Y NEQ Z 8% AEY Bl
& A7 HaellA 584 AE<A ALPS} osteocalcin
3} F&3 %2 DPD crosslink valueZ v 13} & o
isoflavones7t T3 & A HFA I8P AEE ¥
2 A%E T AEs B2 FFL By o RE =
G AR/ ZEF A EY v|Z B wE3E 1 isoflavones
7 FHE F 9 43 A 284 A8/ FEF AEY
H]go] FoAog Fg=dl (Table 5), ©] A= A%
71 R A2 dxnel A3k 18l isoflavones7t A
A7) AR BHY Joha} A Kol vjAE Fdke] it B a1
v+ A9 glol & A7 Ansl vlurt oele AFeld
a8y A AFeA #H7 F oJAolA] isoflavonesE &
Aol FES viXR] g1 IEHE AN a2
AAANA FLE] FAsickn 3 AP =3 T8
Faolle Gl A IFYS FAANA xS F
St 70 led B A7 A7l A% iso-
24 Axet = 83 AxE BAF /A

99 AE/ BEF AR vlgo] folHo
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Table 6. Effects of soy protein and soy isoflavones on serum cal-
citonin and parathyroid hormone (PTH) in growing female rats

Group Casein Soy isolate  Soy concentrate
PTH 608+ 223" 887+ 3.38 1032+ 7.54
(pg/mi)

Calcitonin = 34 020 125+ 016 138+ 015
(pg/mi)

Bstradiol 704 +1108" 2056 +50.4 2354 + 655
(pg/ml)

"Mean + SD

2 ¥obd YT T SA) gl U Y
el fole RO ALREL,

3. %% U =R
AWM 2F AR g AE AL 9% vA

32 93t A S Wtk F 9an isoflavones
7} parathyroid hormone (PTH) &} calcitonin®l ©|&&
AHE Table 69 AAIE3ATH

1) B4¥N F23 (Parathyroid hormone, PTH)

B4 3222 T8 2 2 322074 S84
g ATt AN 2 AFTE 7M. PTH
of g% Fg3 A= s= Mo PTH 847 &
AEIA] = Aoz Mol ZHHAQ JFo T HALE ¥
Z PTHE 27} casein® 6.08 pg/ml, soy concentrate
T 10.32 pg/ml, soy isolated 8.87 pg/mleZ AT
bl f-olARl xlolE= QATE Mei 592 AR & T2 o
A& oz HAAE ZAbIA isoflavones AFHFO] F
2 79 ¥4 PTH ¥5& 19.83 pg/misiot isofla-
AFeko] W 79 3 PTH ¥5+ 26.56 pg/ml
22 jisoflavones AFFo] w2 ¢ ¥4 PTH 5&7}
Aoz A Jeh} isoflavones’} estrogen %ég
2 Qg B3 7ie S GHAA AiFer A =
2AE) F71E W] & F givkn ARG 18l
Kalu $& Fischer® 7 2 AL ydoz o 4
Hollq T vl Hole A F7IE A% RPN V)5
32l (hyperparathyroidism) & ZHAaAlA 7FEo® Qs
FEAE FEFHo= A £ 5 vk AR 1
2u Kalu $'70] o]&3F F w4 9] isoflavones &l
gk ARt GolA F A ohE AR HEAA iso-

QA B e A7t e

vones

flavones W&

2) TN EH (Calcitonin)
ZAEGL PPy RulEe 2207 TS
A dAlshe $E2&o|th ZAEYS 3 AX
Holl EAsh= ZAEY 1 ] FEAE Tl o=

]:t:l m\

ﬂl.l

Aol 27 zhgsle] T A3l 3 op7|EE F83
£ Adshe 28-S ot 18y 3330l B &
E o2 ¢eA okt 47 Bl mew 8 3 24
B 5 A%F7l wet distn JAE R qAdelA
H dt} JAERAS ZAIEY FH|E 2HF35l] 34 o)
Atell Fofsta Qled), #H7 Fol] AERAS Eu] B
o] ZAEY 4] AtE xSty FEAFE v I
NFlE Aoz AdysEn ok® a3ARt Ivhes 3t
AA YAA calcitonine FAY A} FFolgkn )
F wzo] g F ZAEYY sxe t]xe gl tig
ATFE #H7 F AGelA AR FUE ZAEDY Tt
Aol AL, F @A HIHE A% H F EUY
e e JeRR] ofgitky Buseirh B AT
A g 2 Z2NEY 5= caseind 1.30 pg/ml, soy con-
centrateT 1.38 pg/ml, soy isolated 1.25 pg/mlZ 4
g7 7] F4 zole fldlth wEkd B dAellA
isoflavones7t T8 F @A A7) 4R FHY =
tiAbel]l Beddh= PTHE} calcitonin = 2 9
£ XA = Aoz Vepith

Z gizo|u} isoflavones’t ZEA @ FEd
off ]XjE Aol Bt HF Fu 5 FAE EH’ELOE
T3 Az HaEof? Jar)e] Aoy &
£ gosE F Aol soflavones7t SOt
L8 2= 2 v)Xe A it AF Ba
7 A glojA] o] ofHt) B AFoA F dizo]
1} isoflavonest= 84 9 88 3222 v+ 79
Al zlolg BolA At o] RE AY 24 24 A4
o] uj-¢- w2y &Ao" ““?ﬂ"’*"] 7k Sl A
A7) BFHRAeDZ Aoyt olF Z2E| v|Ae FIR=
Ao} w32 A TP 7)s FN 22 oAb 01
Aol g A$ol= tdEA Yept Roz AztE 1

3 Itrtell FEIsHA BEshe o AER 0] ?_VB‘X—LE
HHjEI e A7I”L 715 7EA] 2R10% ALSE
now Az} 7 BEs 7AW &5 AFolr 7
ojo} 3}AlT

3) o1 =2 (Estradiol)

o 3229 ¥H] AERE Lolir] st ST &
A estradiol®] ¥EZ Table 60 #AAsIck & AY 2
#, A estradiol?] FE+= 205~283 ng/ml AC]Z A
A7 el §24Q zlol= §%i). Estrogen®] A ghst 2
£2 obF =] SR ¥A%k PTH, ZAIEWH vita-
min D2 &43<¢) 1,25— (OH),—vitamin D&2] A& =+
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gl gJafiM HRF o we) &AL HRlEh=
53 It drERAL ZAEd BHlE A=}

2 tiatel]l BojEta gl #H7 Fo
HZo] ZAEY FH| A3HE sl SEAFE US
Z7WI7)= Aos BuFE 1y Qb ¥ F estradiol %
= A9 A9 128~138 ng/mlel WL isoflavones
o] AH7t 8F Tl 9 vXA G, 4R
739 200~270 ng/mi8] WAZ FR vjg FHoR
Egta, A9} 2] isoflavonesd] AF ol whE A}
o]7} gt} F Ao FohEFo APS B E F
Atk AAHE 714 F9 SIE estrogend} FARE T
Z o] of|AEZAY 2 d%7 FEHE I
Zolgk= A= € isoflavonest ANAEZAI= Tk
E 7o 2&4E disitia AAEITh A8 AT
oA H7Z ¥ isoflavonesE MRS W & F oJAE
27 FolE JFE vAA Ysktkn R yepleh e
5, 573 F oA Ze 7z (12%F) % 2 FE
(90 mg/day) © & isoflavonesS FF3T A+ A7t

6Y) F2 $F (38 mg/day) 0.2 FFF A9 2F
oA isoflavones®] AFE @ F AAAEZA FEol 9
& mxx] AR B8 isoflavones’t #E F o34
2 g F rERA R IS PAA &S EO%%
gltl, E3F Arimandi $Y& F diAe] FEH BT

e FEAE AN Roe 28E FR V‘°i

A dojdrii s3Itk Alekel 5'9& #73 271 o4 elA
isoflavones7t 43 F wize] FF& 239 4%
= Z7W 2 A bone—specific alkaline phosphatase
9} 2% N-—telopeptidest ZAaA7IA Eshdtk &3
t}. o]2)3t AHZE isoflavones’} AAEZAo|LY T E =
83 AAA (anti—resorptive agent) 3= & 7)H o=
FEAE stk At #8 F isoflavonesE
o3t Aol s o9} 7 AEo] BuE=H, Fanti
598 Ja AAF dHA genisteing FAPE o =
Z M¥ (osteoblast) ] 429} A QAHQZA 0]
Z 7Vl °‘—Jr 33 HZ (osteoclast) 8] 8 2 % PYD
crosslink 450 ZFA8IA] UkO B R genisteind =&
e JAE) Bo 23S ATk 71AE Tl =&
Ag oAsittn Busiich Kim*®e ATl -A% isofla-
vones?| 7Pt dET 2 2534 Zgn Q19 &AL
Zango 83 ALPS TrACP 848 A4 &
2 Aoz e} dAEZAE vHE VIHoR IEHLS
o 7o g Aok
HZ A7) AFIME F

e HH7t d F ol
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o 4 <47 7&49428’ A,

4) ¥ 2=
A7 328 FulE 87t AYEHA Fulvt Hashe
), Gl nls) ool 1 A dAste) 10dwith
oF 14%7} ke FoZ d2A ok xRleAXNE
estrogen &2 AR TEE HHlE 5= s280] 7
&3 =l ®3 GHRP (growth hormone releasing
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3 322 AP dAFTE A g w4 skt
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71E= kS ARESIEY AR TEEL ¥ FU gE
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Y 2 A% FEE F5E Table 79 YerSith 4%
FEE FEE F 99 E 4H$ soy concentrateT ¥
soy isolateio] Q) FHARJIE B} fHo g 3t
o}, wekd F dlze] 4 3 2R BulE F7AAA
LT REvy FEF A% A7 $£R9 B isofla-

Table 7. Effects of soy protein and soy isofiavones on serum growth
hormone in growing female rats

Group Casein Soy Isolate  Soy concentrate
Growth
hormone 0.170 + 0.008"°” 0.176 + 0.009° 0.180 + 0.018°
(ng/mb)
"Mean + SD

2Values with different superscripts within the row are significantly
different ot p <0.05 by Duncan’s multiple range test
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vones7} FH3 A9 A F 220 Hu|r} FUkEinke
Bl dxjsi), B A¥ME isoflavones’t 43t
T dATY AF 2R st FHAIQT Blskd F
Ao7 FrKete ol AN ARE YERITE T™
dl, & AFo|AE isoflavones7t A2 gFEo] A ¢k
2 soy concentrate® A3 TAME AR T2E B
7} FHAIQIE B}t foA o7 Egit) Ao] ghiizo] Ajzt
ZER0 FHlof| dFE uXE A g B2 Pfeuffer
£ FHARlo] Tkl H]gte] g E RS Ful7t @
th stk Nass 5772 19980 olv] At £ arginine
2 A% 322 FH)E AFscy »ud bt Qo Argi-
' ZER BHE FN7|e EAR AR &
HATE AGS Y3l AMgHAR = 1
7142 arginined $93© 2 A somatostatin #H]7} <
A=l A TEES w7t Tt RuEQiok
337 3 AHAE Yo 2 & KimT Kime A7)
A= FHAJITE BT} soy isolate oA A arginine 5%
7} #3422 »dt vl gtk B A8 0]83) soy isolate
9} soy concentrate?] arginine T3 FHA|Qlo]
arginine® BT} oF 23] A% Fr} B AFAMYg F &
W] 4 328 ) FUtETE olwst F vl
ofa|ieAit 249 RjolelA] 7IR1R ACE AlgEHY HFo
Hoste] A7t egdch At Ba A2 is-
oflavones® AAFHAZ Aot AR T2E Huj7} &
7hE o ng g o) opw|ieike] 24 isoflavones?]
Qo] 7 2HgsheA o tE A7rt Basitt A3 A
TolA A3 GAA F G F I (40 g/day)
< e T T A T AL IGF-19 #H|E

Z7714 @3 ALPS} & = DPD )

A %S
Aol Age vlXA dskths Basiel™ JGAde) A
v #H7 F oJAdelA 9} 2ol isoflavones?t FH-s F &

WA = Ball oA avht SuAlEY B4 53E 8@

Table 8. Correlation coefficient among variables

g & gidoky ¥ uick ek isoflavones’ ZthAlel
FEE mAE 1Moz IGF-19 #HE deAlA 32
T 848 242 5 Qdn AlgEHY A8 Aol Z
Aol S4AR} Qlol o5 A7 a%En.

Jung”™ 9] ATelMe A7) 73 FFH A isoflavones
7F FRE F gede) dHE IUse 35714 8k
st 24 580) opRorng Fute foldt 9GS
) 7oz Busglon, HZ A7) 3 8HY casein
2o]9]| isoflavonesZ A7Fs A VML UL} FA}

Heolokn Buskedn

4, 3FY J S8 Aot =20t A

F¥4 AFA ALPS A®H 742 PTHY Zz
(r =0.49 p<0.05, r = 0.65 p<0.05) <] A AAE
ey, A% s222 9 AHZAIF DPD cross-
links value$} 247} 39 Aa34 (¢ = —0.37 p < 0.05,
r=-0.39 p <0.05)% 181 234 AF ALPe} 3t
Z&<+ A% DPD crosslinks valued] H|-&ol] tig}e] %9l
AFHAIE (r = 0.48 p <0.05), T3 AT 2AH 2741

3t ZE4 A E crosslinks value 2] vl &<l tiale] oF
A

3787) R BFI F VU isoflavones?t 2
el WAl Gge Pohws] flstel 9%7t S8 B
Aol A%E obelsl gol Loelgic.

D AZ 3713t Aol 4A%e AFF 1
Aozt 91913 Ho] AEE FHAe AT F B A

ALP Estrogen PTH GH Osteo-calcin DPD  Cadlcitonin  Crosslink ALP/Crosslink
Estrogen —-0.04
PTH 0.49" -012
GH 0.02 0.16 -0.05
Osteo-calcin 0.17 -0.13 065" -037°
DPD 0.23 025 -0.09 -0.20 —-0.08
Calcitonin -0.19 -0.03 -0.n 0.12 ~0.10 -0.06
Crosslink -0.11 -0.18 0.18 -0.39" 0.21 -0.13 -0.07
ALP/Crosslink 0.07 -0.02 -0.00 0.48"" -0.11 -0.43" 008 -0
Osteocalcin/Crosslink  —0.09 -0.04 -0.00 0.43" -0.02 -0.49"" 011 -0.65" 097"

*: p<0.05 **: p<0.01, *+*: p<0.001
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5 ¥ F aﬁ‘ °1] Bojal= PTHY ZAEY =
£ APIe F93 f<}°]7} AN

6) @ F oAERA FEE iAo 28} F gl
A HellA isoflavones?] @% FF o "W}t §oAQl 2}
ol7} g%tk

A=

T
flavones7} F4% F DHAE A AT Tl FoHo
Z 3

AEA o2 43719 isoflavones7} FH3 F gl
Y A3/ F8 AR vEe FYHoz A
3, A% 3EE] BHIE SUMA FUE Ao o
Aoz Algdt). mebd dAo] isoflavones7t FHg £
A e SoEF owe] #9E Jloz Algdrt
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