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ABSTRACT

This study explored the effect of calcium levels and /or ovariectomy on bone composition and its refated factors using the female
Sprague-Dawley rats which achieved peak bone mass in normal(0.5%) calcium intake during growth period. The rats were randomly
divided into six groups and fed 0.1%, 0.5% and 1.5% calcium diets for 8 weeks after ovariectomized and sham operation, The results
indicated that body weight gain was higher in ovariectomized groups than sham groups, regardless of dietary calcium levels and
food intakes. Serum Ca and P concentrations were normal level regardless of dietary calcium levels and operation. Estrogen
concentration was decreased in ovaricctomized rat groups. Serum alkaline phosphatase activity and urinary hydroxyproline were -
increased in ovariectomized groups. When rats were fed normal Ca diet during growing period, weight, length and breaking force
of femur were not significantly different in alf groups but increased the same level. Generally, lipid contents in lumbar and femur
were lower in low calcium groups and this effect was more pronounced in femur. In case of femur, the significant decrease in Ca
contents of bone was obscrved in a relatively short period of feeding low Ca dict, even though it appeared the desirable peak bone
mass had achicved through the growing period by supplementing the adequate amount of calcium. The marked decrease of
estrogen levels after ovariectomy did not seem to influence greatly bone parameters measured except bone wet weight. Therefore,
this study indicated that lower intake of Ca might be more important determinating factor against ostcoporosis than
postmenopausal state stimulated by ovaricctomy in female rats. With normal or high intake of Ca it appears possible to prevent bone
loss in postmenopausal period, and this might apply only in case of achieving peak bone mass in the growing with the adequate
intake of calcium. (Korean J Nutrition 34(5) : 532~540, 2001)
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1. @83 % 4°

Zolf-3t 330l o3 A 6onlloAl MRV 8F &
<t A4EE0.5%)201F FA# F 2822 o] so-
dium pentobarbital(30~50mg/kg BW)Z =}5% ¥ &
T2 FE GAE HA S 5= (ovariectomized group :
OVXT)rHE 9, W] & &2 $9% 58 dag &
ot dAE AAsHA gttHsham-operated group :
SHAMT). o5& 47 tAl 3222 vbre 1Rt = ¢
oupx] g ohg 22} BE e 2EF A(0.1%), FAHO.
5%), 1.(1.5%) 8% Hol& 85 1 T35 HTable 1).
2 A¥se @ OVX-High Ca(OH) @ OVX-Normat
Ca(ON) @ OVX-Low Ca(OL) @ SHAM-High Ca(SH)
(® SHAM-Normal Ca(SN) ® SHAM-Low Ca(SL)2
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Table 1. Composition of experimental diet

Ingredient Low Normal High
Casein 200 200 200
Methionine 3 3 3
Corn starch 581.06 5749 541.94
Cellulose 50 50 50
Corn oil 100 100 100
Min. premix.” 35 35 35
Vitmix.” 10 10 10
Choline chloride 2 2 2
CaHPO,2H,0 172 12.02 37.74
CaCO, i 5 15
KH,PO, 16.22 8.08 5.32

1} AIN-76{Ca & P free}, 2}: AIN-76

L=RRS Si=)

AYSEEL ShoeBox cagedlA Bz Al&53aldon
AR g4 dAEA fRSE e R 1 2242, A
X D 6525%, £ C AM 6 00~PM 6 00). 484
o9} go] L4 & AF-F4 (ad libitum) FHE FF3+
Hor, A} cagest ALSol WA BE 7|1 F7149
298 XY 98 0.4% EDTAZ He ¥ Z/SFE 9
Tol AMgstdct 4877 ¢ o] YA AFS
1574el] 29 dA Az A3

Aol ALEE AolzAL HFAA HAF JYLE
25 st Aal4o](semi-purified diet)E AIN-76 pat-
ternell 321, Ca - P9 v &2 1.25 1 12 2483

2. Nesl N BYYH

1) N2+

Adzs HolE 85 4HT F G243 = sham
TEI @A AP0 E 8F FEREA F 28T
1659 ;& A8t A8 & T8I APFTEL 49
MHH 235 dAsHA 3] dAsle] H4A7)0) A HER
AN F ethyl ether® v % F Z59EE AFst
Aok A3 R yAR(4T)A R FeF EA g
% 3000rpmeol A 2023 GaEe)(Sorvall, GLC-2B)3&
o AL Ao FA d7A WEES s

A AF & SA fEE 2 85+ (LI-L4AE 2 H32
v, g5 &9 24E wxad 2350 99 5 A
QI B8 AR AASH R, 859 A¢E TR AA
tt. £592 243tn, o) vernier caliperel 9
&) thd=Mgreater trochanter)® W& medial con-
dyle)AtolE FA et o, 8e] mieh®(breaking force)
& 24 3 ¥ YFH2(Freeze-Dryer 18, Labconco)3t
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Yoo} 252 YA TCAltrichloroacetic acid)e] 3
F 27 5%7F 58 4L ol gulide AT F
LaCld] 8% s%71 1%7} H58 843y dAFFH =
Al{Atomic ahsorption spectrometer: Hitachi Z-6000,
422.Tnm)E 245k 19 32 1% LaCl, ti4l o]
LAAFZ 54819 Fisk-Subbarow Method" (Spectro-
photometer: Shimadzu UV-200s)2 43t}

YoBZ9] estrogen T3S RSL total estrogen kit(ICN
Biomedicals, Inc.)ell 2]3] unconjugated 17p- estradiol®}
estrone®] ¥=& ZA&81t}. W34 (bone formation)d}
o] L Ae= o)A ¥ alkaline phosphatase
(Alpase) 842 Kind King® H|4H& o &% Kit(3&F
A=A 3 AN E ARR3le S35t

9| hydroxyproline$t#2 Bergman®} Loxleys] ¥
9'?(spectrophometer: 559nm) e 2 H]A4A) &} c}.

E 23 853 550~600T 38R0 6~8A17F 33}
3td 42 FE-2 HCU(IN) S92 8 3l F LaCle] &
F 557 1%7t S5 d4ato ARG AZ Ty
#Fe ST, FauA e FFL Microkjeldahl ¥
Hog AEA4EA7(Nitrogen Autoanalyzer, Bchi,
Table 2. Body weight gain, food intake and food efficiency ratio

Swiss)E o] &3l =3 e, x4 ¥ Folch®
o] ez &4yt

=29 oo (breaking force} Instron(Tensilon/
UTM-4-160, TOYO BALDWIN Co.LTD: Crosshead
speed 10mm/min, Loadcell 100Kg)ol 2l&] Zolg] $4
HAdlM 943 A SAstqt

3) $NEY

RBE A8 BAAEE SPSS 7.59 4sie] B4ia19e
9, 4833 Had EFARE Jehidig. I FET
o] 913 Aol (o= 0.05)¢] &t HF, v& F LFHH
of W& B3 AFH £ HAT Hold 7 Ao=
Turkey’s multiple comparison test® 28t

WA §59 D FEd BE FEE 298
ANOVA(analysis of variance)& AHE3be] $-2)4 o8
& A3,

Z4; AH %, estrogen® T, TAYAIS UE 2 83
o] wz2 Fej wol F3F Fr1A 2 {712 eFIH A
#HHAE Pearson correlation coefficient® ol-gsle 2

Nsjgick
P - Nk

1. N33 N3 4T
47 85 B AT ES AEg $RY 4¥YE

Group" Final weight(g) Weight gain(g/d) Food intake(g/d) FER

Sham

High 2836 + 6.9 093+ 0.11% 15,75 + 0.59™ 0.06 + 001"

Normal 2707 = 6.0 070+ 0.07 15.82 + 049 0.05 + 0.01

Low 2780 £11.0 0.74+ 0.19 16.74 + 1.04 0.06 + 0.02
OvX

High 308.0 £12.4 142+ 0.19 16.46 + 0.52 0.09 + 0.01

Normal 301.3 £149 134+ 0.24 16.07 = 0.45 0.08 + 0.01

Low 3124 +129 1.48+ 0.16 17.60 = 0.41 0.06 + 0.01

Op‘" e *=* NS NS

Ca NS NS * by

Op*Ca NS NS NS NS

1) Sham: Sham operation , QVX: avariectomy

High: 1.5% Ca diet for 8weeks after ovariectomy or sham operation
Normal: 0.5% Ca diet for Bweeks after ovariectomy or sham operation
Low: 0.1% Ca diet for Bweeks after ovariectomy or sham operation

2) Mean + SEM
3) NS: not significant

4) Statistical significance was evaluated at the o = 0.05 level by 2-way analysis of variance

#: p < 0.05, =x: p < 0.01, NS: not significant)

Op: Main effect of after ovariectomy

Ca: Main effect of dietary Ca leve! after ovariectomy
Op*Ca: Interaction between ovariectomy and Ca level
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By
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& F(Sham)ollM EEQA7T 2 o]/E & AHelA A}
24 24 9) W37 (estrous cycle)7} 27 2oz
g

Alkaline phosphatase®/3-& w287 FollA] sham
wr} 2ol feH oz A vebd e, shamT oA
A AATAAN B4 Jeidth o)3e Morriss ol
670EE A 0.7%8] ZE5E FFAL TE F 3.6, 97
Eete] W2 ¥ Asl JA4AA]A] Alpase@Adel 718
oo, o]2jg Alpase®A 71 estrogendPo = st
o bone turnover?t 271317] wWF-o|ztz sgoh”

2) 5% Hydroxyproline &%

Table 394 BE wiel o] SHEHARE AHEHE
hydroxyproline(OHPr) #%2 daida|wol Ay 4
AT S AMYF shame R} & AFS BT o)A
35 Alpase¥d W3t Aol 2 AYg H ALR
Morriss 9] 4@ 2A7}e} & AxHE Bgch OHProl &
7} A estrogenZ ¥ 22 U8 bone turnover?t F7}
Heiv) g e g g2En = shamatoldt TR|ZE 2
A3 FEol # FS daFdANG A v gE B
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Table 3. Serum calcium, phosphate, estrogen concentration, alkaline phosphatase activity and urinary hydroxyproline excretion

Serum Urine
Group Ca(mg/dl) P(mg/d) Estrogen{pg/ml) Alpase(KA unit) OHPr{pg/d)
Sham
High 8.53 + 0.20"? 5.38 + 0.28" 15014 + 41,24™ 1.98 + 0.20° 64.74 + 5.69°
Normal 8.02 + 0.18% 434 £ 022 139.40 £ 22.29 2.68 = 0.17° 65.57 + 4.10%
Low 7.28 + 0,08 4.81 = 0.11* 119.95 + 11.86 3.83 + 0.69% 105.78 + 9.19"
ovX
High 8.16 + 0.15b° 432 + 0.10° ‘7810 £ 1.66 517 + 0.53* 90.96 + 9.55%
Normal 8.01 + 0.16™ 440 + 0.12° 7169 £ 4.34 6.17 + 0.56° 94.46 + 5.23°
Low 7.56 + 0.18% 4.09 + 0.24° 75.50 + 10.95 5.17 £ 0.46™ 94.11 + 9.43*
op3) NS % * * *
Ca * NS NS NS NS
Op * Ca NS NS NS NS NS
1) Mean + SEM

2} Values within the column with different alphabets are significantly different at p < 0.05 by Turkey's muluple range test(NS: not significant)
3): Statistical significance was evaluated at the oo = 0.05 level by 2-way analysis of variance

#: p < 0.05, #=: p < 0.01, NS: not significant

Op: Main effect of ovariectomy

Ca: Main effect of dietary Ca level after ovar:ectomy
Op*Ca: Interaction between ovariectomy and Ca level
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Fig. 1. Wet weight, length and breaking force of femur. *Values with different alphabets are significantly different at p < 0.05 by Turkey's

multiple range test(NS: not significant).

W High calcium intake during experimental period,
perimental period [ Low calcium intake during experimental period.
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Fig. 2. Ash, calcium, protein and lipid contents of femur. *Values with different alphabets are significantly different at p <7 0.05 by Turkey's

muitiple range test{NS: not significant).
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Fig. 3. Ash, calcium, protein and lipid contents of lumbar. *Values with different alphabets are significantly different at p < 0.05 by
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Table 4. Correlation coefficients between Ca intake, estrogen, alkaline phosphatase, hydraxyproline and weight and bone weight and bone

compositions

Ca intake Estrogen Alpase OHPr Wet weight
Femur
Wet weight 0.180 0.0968 -0.0281 -0.1736
Ash 0.5045%" 0.1154 -0.1081 -0.0636 0.4882*
Caleium 0.5429%% 0.2774 -0.1224 -0.1521 0.3824%
Protein 0.0927 -0.3135 0.2845* 0.1603 0.2180
Lipid 0.3836* -0.2696 0.1509 0.1617 0.3262*
Length 01719 -0.2451 0.0780 01572 04357
Breaking force -0.1246 0.1060 0.1646 -(.0586 0.4611%
Lumbar
Wet weight 0.0709 -0.0769 0.1961 -0.0567
Ash 0.3551* -0.0422 -0.1901 0.0150 0.6255%*
Calcium 0.3249* (0.1565 -0.1819 0.0600 0.5352%*
Protein -0.1745 -0.1235 0.2767* 0.0454 0.6941 ***
.~ Lipid 0.4896** -0.1967 -0.0527 0.0337 0.5252***
1)x: p <005, #+: p < 0.01, »xx: p < 0,001
ot dAEAN FUHEEE BT, FAEY g
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