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Effect of Ovariectomy and Dietary Calcium Levels on Bone Metabolism
in Rats Fed High Calcium Diet during the Growth Period

Kim, Eun Mi** - Lee, Yeon Sook - Chang, Yu Kyung**

Department of Food and Nurrition, Seoul National University, Seoul 151-742, Korea
Department of Food and Nutrition,™ Hanyang University, Seoul 133-791, Korea

ABSTRACT

This study explored the effects of dietary calcium levels and/or ovariectomy on bone formarion, bone composition and
calcium metabolism using fermale Sprague-Dawley weanling rats(mean body weight=SEM : 232.3+6.7g) as a model. Rats
reccived high(1.5%) calcium diets for eight weeks during the growth period and wete randomly assigned to ovariectomy and
sham groups. The two groups were then each randomly divided into three sub-groups and fed 0.1%, 0.5% and 1.5% calcium
diets for eight weeks after operation. The results indicate that body weight gain was higher in ovariectomy groups than sham
groups regardless of dietary calcium levels and food intakes. Serum Ca concentration was decreased in low Ca groups after
operation and serum P concentration increased in ovariectomy groups. Serum alkaline phosphatase activity was increased in
ovariectomy groups and was not influenced by dietary calcium levels after operation. Urinary hydroxyproline decreased in high
Ca intake groups regardless of whether rats had received an ovariectomy or not. The weight, length and breaking force of the
femur were not significantly different in all groups. Ash, calcium, phosphate and magnesium contents in the femur and lumbar
were not significantly different regardless of ovariectomy operation and dietary calcium levels. But high/normal calcium intake
after ovariectomy and sham operation increased the weight and calcium content in bone. Therefore, high calcium intake
influenced the formation of peak bone mass during the growth period and calcium levels and calcium levels continued to
influence bone growth and composition after ovariectomy. (Korean J Nutrition 32(2) : 150~157, 1999)

KEY WORDS : bone mass - calcium intake - ovarectomy - femur - humbar.
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1. &gET

1) 5EM8

7 o] f8 37He 97 3H (Sprague-Dawley rats,
female : MR HEFE A7) 607l A 85 &
ot nZF(1.5%) Hol& T3 F el E WA HAsH
©n(control group), WHAZ 172 9via]y 602 1}
o sodium pentobarbital(30~50mg/kg BW)E &g
T 3T Y% WA E EASHE & (ovariectomy group ;
OVX) & 5l x, voix] 372 543 & A8 wigtor}
WAE AR 2hkth(sham-operation group : SHAM).
OVX 9 SHAM F< AFENA 22 2edes 29
32T A¥4e), A(0.1%), AH05%), 2(1.5%)2e
ol 877 ¢l FAEEH. 5. 64¥7E @ OVX-High
Ca(OH), @ OVX-Medium Ca(OM), @ OVX-Low Ca
(OL), @ SHAM-High Ca(SH), ® SHAM-Medium Ca
(SM), ® SHAM-Low Ca(SL) o2 TA= .

HYFEEL ShoeBox cagedllA £3) A&t e 4}
F49 742 9AIHA FASFHHERE 22427, 4
HE  65:£5%, 29 : AMG : 00~PM 6 : 00), A@-4olsh

T A AR (ad libitum) FHE FF5HH0

B, Al cagesh Ao Ba% RE 71 7129 0%
S BR8] 98 04% EDTAR A& & Z543 70
AREBIETE AE 2z Bk Aeo] AHFH AT 157
o 29 LAA|zHol S B

2) Mol

Aol AbEH Ao]2ALE AIN-762 7180 § A2
o] (semi-furified diet)Z ZAHY o dut 2492 Table
17 Btk A Aele] flg® AAD 742 (casein : WY
FA(F), 55 AR(LAEEF), 5= 712 (T4
2H(Z)) 7 vlerel EFE(AIN-76 pattern © Oriental 2
TH(EF), Japan)S AHEslGon, & g g F
714 EFE(AIN-76)& A5t AMS3l9 T o] & 24
FUoZE CaHPOLHO% CaCOS AMEaton, Zh
g2 279 AFEZ(AIN-T6)2 71522 0.1%. 0.5%.
1.5%9 Al #Eo2 sl Ao] 2w 1Y gk njgd
°F 1.25: 12, AZw 2oeAe ¢y AFL wAE] 9
8 o] T 04%E stHon, ugg Aol 0.8%
= 3hge}.?

EEERERFE 322 150~157, 1999/151

Table 1. Composition of experimental diet (g/kg diet)
Ingredient Low(0.1%) Normal(0.5%) High(1.5%)
Casein 200 200 200
Methionine 3 3 3
Corn starch 581.06 574.9 541.94
Cellulose 50 50 50
Corn oil 100 100 100
Min. mix." 35 35 35
Vit. mix®? 10 10 10
Choline chloride 2 2 2
CaHPQ, - 2H,0 1.72 12.02 37.74
CaCQOs 1 5 15
KH:PO, 16.22 8.08 5.32
1) AIN-76(Ca & P free) 2) AIN-76

1) NEAT

AYFEL Yol B 27 DA 5] SAahe] 34
A171717 sHER BANZ % ethyl ether® o1 % 7
UL AAAATE AHF e YFDUOIA 35
& B 9

# £ 3000rpmelX 2027 LAE=E] (Sor-
vall, GLC-2B)3le] €4 & d3on £4 A7x WE 2
#3519

A A T AR AAsEeH, 859 7
= AFE ARSI $F5FE 8. ZelE ver-
nier calipere]] ¢J8] thdx}(greater trochanter)$} W&
3} (medial condyle) Alo]lZ ZAdtHer, Zolg 1/25
= A U E SAeH Y W AdHE A @ &
F72(Freeze-Dryer 18, Labconco)dte] A5 %S =
¢ g BE AlRE B4 A7pA 3E Bust
ot FAER SO e §ek 4 wol WEgie
= A BT

2) NEEY

o g2 YAFL4= A (Atomic absorption spec—
trometer : Hitachi Z-6000, 422.7nm) & &4 st4T.

g (bone formation)d #He] 2 A2 L#A]
21+ alkaline phosphatase(Alpase) 42 Kind King]

)

BlAEE o] &3 Kit(dFAhE AMEele &g3%th
G52 estrogen T3-S RSL total estrogen kit(ICN

BiomediCalS, InC)oﬂ -Qqﬁﬂ unconjugated 17B‘estradj—
017 estroned 58 &AsHTH



152/ 225 279 SN AP dad Ao} g A9 4%

=2} Hydroxyproline &2 Bergman® Loxley2] %
H(spectrophometer : 559nm).2 & B4 A gkalAr).

rﬂﬁlﬂﬂ} L5 550~600TCE 32 6~8417 33
dto] A& FE-& IN HCl &40 2 &3 & LaCle) &
% %‘—57} 1%7t H=g sAstd YAFTHAEAZ Le
w2l e (285.2nm) EE 4G Q9 gL |
% LaCl, 94 ol2A4A+Z A48t Fisk-Subbarow
MethodW2 £A3YTt. FEHAY FFL AFALE
47} (Nitrogen Autoanalyzer, Bchi, Swiss)E o|-&s}
of 24890, F44 a2 Folche] Wy oz &3
sttt

e Ze) 33 (breaking force)< Instron(Tensilon/
UTM-4-100, TOYO BALDWIN Co.LTD : Crosshead
speed 10mm/min, Loadcell 100kg)ell 2]&] Zo]2] A
FHo) A AR5 A3

3) BWEY

9gase P9 g Yshidon, 7 57
of o4 Aol (2a=0.05)°] et BF, 54 F Le¥Hel
e A%l A5% £ A 4AE Aol g¥ ave
AR,
£ B2 33L 8] 4
94 o

Tukey’s multiple comparision testZ

HAadA f39 de 49
8 ANOVA(analysis of variance) & AH&-a}]
#2 A3

24 A% estrogenzR, ZAUALS dEZH 23
o Wz Fef, we 4% FUE 2 {02 Sk 4

ZAAE Pearson correlation coefficient® o]-£3}e] B

2819},
4747 B ARES 4

A 3 2B 2 Ade] 2
A= 3~way ANOVA9 ¢35 f2x2

Faigich

1. NZFF WS AN AT

A7) 8% B9 15% DEE <
g Z(control), Y&HA(OVX) B HA A L
(SHAM)S 231 Zg A3 FF0] o 339 484
877 BF T 7 9] AT Aale} o) FH H2 Table 29}
Zr}, RE AFFM A3A7 (control) ol Hlsl AFE71e
ZAaEAT AF WaE BY 2w 455 4agle)
Wi gsiA FfHoz FUEdETl 0]74" 1:}-—
15“8"’1 Aot 2o} Aolda{Fgol) Zg M

g AR FaHAR 23 estrogen %}-ﬁzi Xﬂ-a—

r rlo

ruH rﬁ.

o Z7btgrkn ¥ & Yk,
EY Yol 4ABL T 43
24 Aol gigieh.

2. SHHAS BEAR

A f7ol ot

T=4

1) 8% 28, estrogens T X alkaline phosphatase 24

dH o] Zhg. estrogensE 2 alkaline phosphatase
(Alpase) &£ Table 33 21},

23 Ty Fev GAEA B8
Z(SL, OLT)AA frejA o= whoprd,

Estrogen $EE dAdAd o} fejzdezm gl

£ Jeidlen, Z# 44 750 g e dgg vx ¥
%t

Alpase &/4-& A%
F &) BAge) 7

glo] Aded HAT

7)(control)®l] €3] 1 ¢)%e] Zher A
A2590H, Bi AAAN = SHAM

Table 2. Body weight, weight gain, food intake and food efficiency
ratio

Final weight Weight Food intake

Group" FER
g g/d g/d
Control  229.7+9.7 27+00  109+20 0.28+0.05
OH 307.0£21.5™ 1.3+0.6™ 145+09™ 0.08+0.02®
OM  335.8+12.5°  1.8+02° 155406 0.12+0.01°
oL 329.8+14.5° 1.7+02° 152407  0.10£0.01®
SH 257.1£9.6° 0.5+0.1° 14.8+0.3 0.04+0.01°
5M 282.8+8.0"%  0.8+01® 149+06 005+001°
sL 246.0=17.9° 06+0.1° 14.84+09 0.05+0.02°
va‘” Tk de NS *ok
Ca NS NS NS NS
OVX*Ca NS NS NS NS

1) Control : 1.5% Ca diet for 8 weeks during growing period

OH : 1.5% Ca diet for 8weeks+ovariectomy+1.5% Ca diet for
Bweeks after ovariectomy

OM :1.5% Ca diet for 8weeks+ovariectomy+0.5% Ca diet for
Bweeks after ovariectomy

OL:1.5% Ca diet for Bweeks+ovariectomy+0.1% Ca diet for
8weeks after ovariectomny

SH : 1.5% Ca diet for 8Bweeks+sham operation+1.5% Ca diet for
8weeks after sham operation

SM 1 1.5% Ca diet for 8Bweeks+sham operation+0.5% Ca diet for
Bweeks after sham operation

5L 1 1.5% Ca diet for Bweeks+sham operation+0.1% Ca diet for
8weeks after sham operation

2) Mean=5EM of 8 rats per group

3) Values with different superscript within the column are signifi-
cantly different at p<{0.05 by Tukey's multiple range test(NS : not
significant)

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

(*p<0.05, **p<0.01, NS : not significant)

OVX : Main effect of ovariectomy

Ca : Main effect of Ca level after ovariectomy

OVX*Ca ! Interaction between ovariectomy and Ca level
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A7) 98 71 AR Baivh g B Ags g
AeHA Gz Ae nE HH 4077 ¢ BB e

599 Ajo) Mg o2 Y2

2) 5% hydroxyprolingtj &%

Hydroxyproline(OHPr) 8] %-& Table 33 Zo]
AZA) w2 zeole ot nFE AFFe] Agont
AZgTRT A ed, 437 Fe ALEg 43
AE(119.8+8.6pg/dD BT ZAIHTE o]= Kol nZ
% 439 wet TA9) bone turnover’t BolR= Hoa
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32(2) : 150~157, 1999/153

2
Az 93 Zole A7 (contr01)°ﬂ H] &)

i

AA Z2skR T

H# FEoh} v

ot om YAEA e A
2t %942—; 407 gl AF IOOg‘:“ W 5
4 @ B3 ARe ’SH"TL@W
£ 5247t o 2A JEwdh 437 5

ontrole] F$+= g&
BZ274(731.3£20

717 B xiz.}*i 4
0.8mg) "0 th We] 3ol

AR 7o o 514

Table 3. Serum calcium, phosphate, estrogen concentration and alkaline phosphatase activity and urinary hydroxyproline excretion

Serum Urine
Group Ca Estrogen Alpase OHPr
mg/dl pg/mi KA unit mg/d
Control 7.25+0.07 113.24+ 1.9 9.71+1.69 52.7+10.1
OH 8.93+0.16"™ 69.1+ 7.8% 5.6940.60" 55.9+3.9™
OM 8.81+0.20° 48.0+16.3° 6.60£0.41% 72.8+4.7
oL 6.77+0.31° 528+ 4.1° 7.40+0.53° 80.8-+7.1
SH 8.86+0.21° 102.24 4.6% 3.63+0.45 55.7+8.4
M 8.89+0.30° 969+ 5.7° 4.54-+0.86" 75.946.7
5L 7.61:£0.21° 120.9427.4° 4.61+0.80° 60.224.9
ovx? NS ** o NS
Ca - NS NS *
OVX*Ca NS NS NS NS

1) Mean +SEM of 8 rats per group

2) Values with different superscript within the column are significantly different at p<0.05 by Tukey's multiple range test(NS : not sig-

nificant)

3) Statistical significance was evaluated at the a=0.05 level by 2-way analysis of variance(*p<0.05, **p<{0.01, NS : not significant)

OVX : Main effect of ovariectomy
QVX*Ca : Interaction between ovariectomy and Ca level

Table 4. Wet and dry weight, length and breaking force of femur

Ca : Main effect of Ca level after ovariectomy

Group Wet weight” Dry weight” Wet wi/BW Length® Breaking force”
mg mg mg/100g mm kg

Control 694.4--28.5 456.74+19.6 302.9+.7.6 33.430.4 10.2+£0.1
OH 773.8£10.9™ 519.5+£12.9" 266.4£13.5% 35.7=0.7" 10.7£0.2"
OM 770.4+17.9 521.5+ 8.4 234.9= 3.5° 36.6=04 10.6+0.1
oL 762.3419.1 515.94£12.2 2449+11.6 36.6+0.4 10.53=0.2
SH 777.6%17.5 5340142 304.3£8.2° 35603 10.70.
5M 778.4+14.3 522.8+14.8 276.4+7.4% 36.1=0.3 10.6:-0.2
SL 721.4::22.0 489.8422.8 3104x17.7° 35606 10.4x0.1

1) Mean+SEM of 8 rats per group

2) Values with different superscript within the column are significantly different at p<{0.05 by Tukey's multiple range test{NS : not sig-

nificant)
3) Mean weight of left and right fermur
5) Mean breaking force of left and right femur

4) Mean length of left and right femur
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3}(35.8+2.4mm)#gke] o] = gi3de).

e g 4FH Eolu YA
Al Ael7t gl o), A3 et AZES 47AH 2%
A7(8.83£0.26kg) ol ¥istA F7tetsit).

ojg} o] A7 Fot mzme MHEE 85 (control) 9
W Fko] AA7] B ALe-g AH T 85 (control) 2] W

SHRT 150mg A% VI, d4dA F 8FAY
1659 W $%, sdge] AZES HHII9S Yrd &
Z¥atqet. whebd AR Fete) Zg AT ohie o
o] ¥e] Zhx HF o] TH A FoF aUYS &

494

#5092 %)

3198 ot tha

A 2g 495
egszxt Aem Azka
6 TFE BAEA §

A AT AL A A

2o wh}

T8 BA) 29 o= AYEaFe] Y4uE
St 3R Fe) 2% WA AhEAFe] Y47
e Fol Wt =17 wakehA]

F95a AolB wol
A Aot 1LHE 4F
w3k} ol 477) B 224 Aol

& MASAT ERex 2 o|F e TE Al met of

L AT g 8= 7—10§ B 5
A77} dEH7] o|He T

21t} Petersons” °1 A

% 44 37te Mg 8%
5 MY TAERE § TR 42717 z]

At wool¥ 1.0%9] nZES JHASRE dE AHE7] o)
) UEE 2% BTN, FHUE U FAE 5 10%9) 2252 44T R 98 T4 vk gt
o . - ol, kol FHe BaEA f5 Bt foel
EHE]_"Q"] §:|‘E'T, ":11_7 é' "zé_ ‘ﬂv]%:']. E‘l %’ ?:}'\_‘—'J:—- }017}‘ _].‘,J_O]Z] O}A}.‘O ]_ 1_)-. }}‘j-r]“ ] lI}-Eq 0@@_9_ uk
Table 58} 2}, 8% P dadA) 47 %% 433 - e =
Table 5. Ash, mineral, protein and lipid contents in femur (wet weight basis)
Group Ash Ca P Mg Protein Lipid
. mgg mg/g mg/g mg/g mg/g mg/g
Control 3949 + 5.8 165.142.9 84.2540.53 0.49+0.03 191.42+2.41 10.00+0.13
OH 4205 + 9.6 179.8+3.2™ 71.96=2.18% 4181014 193.8441.85" 11.34+0.30°
OM 4179 £ 7.3 178.54+3.3 70.6541.54% 4,30+0.12 198.24+3.76° 10.474+0.26%
oL 4145 + 4.2 174.1+3.6 72.76+2.52* 4.48+0.18* 184.10£4.05™ 10.05+0.30®
SH 4353 4+ 7.5 184.1+2.2 69.44+2.42" 431+0.18" 177.69+1.92° 10.39+0.21"
M 430.81+4.1 186.3+5.1 78.21£2.66" 4.33+0.11* 181.12+6.67" 9.80+0.25"
SL 419.4+10.3 173.544.2 67.96+2.64" 493+0.11° 168.77+3.71" 9.28+0.29°
Qvx? NS NS NS NS ** o
Ca NS & NS K *F k2
QOVX*Ca NS NS * NS NS NS

1) Mean+SEM of 8 rats per group
2) Values with different superscript within the column are significantly different at p<{0.05 by Tukey's multiple range testNS : not sig-

nificant)

3) Statistical significance was evaluated al the a=0.05 level by 2-way analysis of variance(*p <{0.05, **p<0.01, NS : not significant)
OVX : Main effect of avariectomy

OVX*Ca : Interaction between ovariectomy and Ca level

Table 6. Ash, mineral, protein and lipid contents in lumbar

Ca : Main effect of Ca level after ovariectomy

(wet weight basis)

Ash Ca P Mg Protein Lipid
Group
mg/g mg/g mg/g mg/g mg/g mgy/s
OH 3146+ 5.2% 102.5+1.8° 55.6+1.8™ 0.85+0.01™ 2136 * 5.2™ 7.5+0.2%
OM 307.0%£11.5 108.845.2° 53.7+£3.8 0.91+0.04 21671+ 0.8 77104
oL 3039+ 3.5 107.6+0.9° 56.9+2.3 0.90+0.01 2055 + 16 7.7+0.2
SH 32294178 112.8+£2.6* 55.8+2.9 0.87+£0.04 206.0 +12.4 7.5+04
SM 34524 5.8 141.3£2.9° 60.5+£2.3 0.94-+0.02 192.2 + 7.9:%02
SL 324.7+10.5 134.8+3.9° 70.8+5.7 0.92+0.03 219.7 + 4.9 77403
ovx? * > NS NS NS . NS
Ca NS * NS NS NS NS
OVX*Ca NS * NS NS NS NS

See Table 5
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3) 2% (Lumbar 1-4)9 2, 73, FEHYY 2 FNA
e
259 5%, F714, 0
63} 2},
8 T2 Z2E AA 78 9L D gt v
A AT tV‘* A4 FE By
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OM OLw¥h= Aol7t gigin, SMEr} frodos 7
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£ FRF FFLe nAA R3] Wil 167 59 0T
< AH e = Zg gkl Aol ALES AAH T
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o 2 BE2 A 878t 2 ZE S AFst e v

9 F24 =L Table

e

['E

MR R AR 3202 150~157, 1999/155
AT 875t Ziin}%i A# & OL, SLTRT} ¥ B9
80mg/gd &, 2L 40~45mg/gi % 74 0}9&%73: % T
et o] ZHE Kol ] Sk ZE AP
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FAE7) HE ez Azhdr

ojg} Zo] 477) Bt A FF ol nFE HoF
MAFSLEN A FAT BS 2 ol ZF 4
#F T estrogens = v} UEF 950 7] F
71 A fd AR 9FE AR gskoy )74

ZES HHEAE e 258 F2sATh 1AL #A7
Oﬂ e SRS 543 Bk S0l AT &

A F 125 FUdY D 43S BEe) gz T ojFe 7
& AHET FHsl] dEelst 4 H5,° Heaney”s}
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Table 7. Correlation coefficients between Ca intake, estrogen, alkaline phosphatase, hydroxyproline, weight and length and feraur growth in-

dex and femur compositions

Ca intake Estrogen Alpase OHPr Wet wt Dry wt Length -
Wet weight 0.1351 0.2636 -0.0993 0.1778 0.7851%%= 0.5594*+=
Dry weight 0.1026 0.1011 -0.1869 ~0.0277 0.7857 %+ 0.48471%
Ash 0.2132 0.2243 -0.2914* 0.0439 0.6987*+* 0.9158*+ 0.4170**
Calcium 0.2740 0.2957 -0.1258 0.0598 0.7159%* 0.8779%+* 0.6166%+*
Phosphate 0.0458 -0.0922 - 0.0684 0.3011* 0.4155%* 0,5997*++* 0.4566%**
Magnesium -0.1147 0.4702* 0.0910 -0.0241 0.3932%+ 0.5236%** 0.5002
Protein 0.3266* -0.0587 0.1596 0.2393 0.6596*** 0.7507%+* 0.5939%*+*
Lipid 0.3491* 0.0373 -0.0222 -0.0165 0.6776%** 0.7027%*= 0.5034%+*
Length -0.1660 0.3010 0.2890* 0.3662* 0.5594=+= 0.4841**
Breaking force -0.0463 0.0945 -0.2905* 0.0390 0.52797* 0.2449 0.0880

*0<0.05, *p<0.01, **p<0.001

Table 8. Corvelation coefficients between Ca intake, estrogen, alkaline phosphatase, hydroxyproline and weight and lumbar compositions

Ca intake Estrogen Alpase OHPr Wet wt Dry wt

Wet weight 0.1632 0.4998* -0.0181 0.3975* 0.7190***
Dry weight -0.0474 0.2610 -0.1500 0.2581 0.7190***

Ash 0.0385 0.3898 -0.3223" 0.1929 0.6775%** 0.9489%+*
Calcium -0.2484 0.6267+* —0.4045%* 0.2626 0.4192** 0.7154**=
Phosphate ~0.2013 0.5588** -0.2081 -0.2096 0.2479* 0.5428%*
Magnesium -0.2016 0.5593** -0.2087 -0.2100 0.2481* 0.5428%
Protein 0.0602 0.2209 0.0087 0.0261 0.5854*= 0.84871+
Lipid 0.0183 0.1120 -0.0632 0.2430 0.5206%** 0.8937*

*p<0.05, **p<0.01, **p<0.001
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Zr4 %%, estrogen’s =, Alpase@4l. =9 OHPrl
A dEZ 3% 4 Zolo} iz AR 2 FeH A
5}9}9—] @@ Ae Table 72 2}

# 4% Foe dEEY 77139 Foud, FAE A

v:JJr cke] AAAAZ BYer, WA WE estrog-
en's T wkavlE S o] ARAAS LHH
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