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The Effect of Combined Estrogen/Calcium Therapy on Bone
Metabolism in Ovariectomized Rats

M. A Study on Skeletal Composition in Ovariectomized Rats

Kyung-Hwa Lee, Sung-Sug Lee, In-Seon Choi and Seung-Ho obh'
Dept. of Food and Nutrition, Chonnam National University, Kwangju 500-757, Korea

Abstract

This study was performed to elucidate the effects of dietary calcium-salt, estrogen—treatment, and
estrogen/calcium treatment on bone metabolism. Ovariectomized rats were used as an animal model.
Female Sprague—Dawley rats with a body weight of 250 ~280g underwent ovariectomy or sham—operation.
The ovariectomized rats were divided into 9 different experimental groups including saline-treated
group, estrogen—treated group, high calcium salt—treated group, and estrogen/calcium treated groups,
and fed the experimental diet for 6 weeks. The mineral content, weight, length, strength and density
in femur and scapula of the animals were determined. The results of the experiment are as follows:
there were no difference in weight of wet bone, density, length, strength and content of ash in right
femur between ovariectomized rat and sham-operation. When the weight of bones was expressed as
bone gram per body weight, it was significantly lower in ovariectomized rat than sham-operation.
Estrogen and estrogen/calcium in ovariectomized rats resulted in increased weight of wet bone.
Estrogen with its gradual reduction in ovariectomized rats showed the lowest values in strength,
content of ash, content of calcium and content of phosphorus among the groups. There were no dif-
ferences in weight of wet bone, density, content of ash, content of calcium and content of phosphorus
in right scapula between ovariectomized rat and sham—operation. In addition skeletal composition was
not changed by ovariectomy. Estrogen and estrogen/calcium in ovariectomized rats resulted in de—
creased skeletal composition however, estrogen with its gradual reduction did not caused the skeletal
composition change. Moreover, the gradual reduction of estrogen had a preventive effect on bone
loss when the treatment was combined with calcium intensification.
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Group 1:Sham | l Control |
Group 2: $ [ [ 09% Saline |
Growp 3:HCaL | | High Calcium Lactate(1.26) ]
Group 4:HCaC | | High Calcium Carbonate(1.2%6) | |
Group 51 E [ | Estrogen(80ug/day) |
Growp 6 :E/HCaC [ | Estrogen(80ug/day) + High Calcium Carbonate(1.29) |
Growp 7:BGR | | Estrogen(80ug/day) | BstrogenOg/day) |  Estrogen(Oug/day) |
Group 8 : EGR/HCaC Estrogen(8Mg/day) |  Estrogen(4ug/day) |  Estrogen(Oug/day)

High Calcium Carbonate(1.2%6)

. Estrogen(8ug/day) Estrogen(40ug/day) Estrogen(Oug/day)
Group 9 : EGB/CaOGI +Calcium Carbonate(0%)| +Calcium Carbonate(0.6%) | +Calcium Carbonate(1.2%)
14 18 20 22 22 weeks
1 recovery | Treatment |
Sham-operation
Ovariectomy
Fig. 1. Experimental design.
Table 1. Composition of experimental diets (%)
Ingredients Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7 Group 8 Group 9
Sham S HCalL  HCaC E E/HCaC EGR EGR/HCaC EGR/CaCGI
Casein 12 12 12 12 12 12 12 12 12
Corn starch 73 73 718 71.8 73 718 73 718 73—724-71.8
a —Celluose powder 5 5 5 5 5 5 5 5 5
Corn oil 8 8 8 8 8 8 8 8 8
Salt mixture” 1 1 1 1 1 1 1 1 1
Mineral mixture? 1 1 1 1 1 1 1 1 1
Ca - lactate - - 1.2 - - - - - -
Ca * carbonate - - - 1.2 - 12 - 1.2 0—0.6—1.2

Groups are Sham=Sham operation, S=_Saline, HCaL=High calcium lactate, HCaC=High calcium carbonate, E=
Estrogen, E/HCaC=Estrogen and high calcium carbonate, EGR=Estrogen gradually reduction, EGR/HCaC=Estrogen
gradually reduction and high calcium carbonate and EGR/CaCGI=Estrogen gradually reduction and calcium carbonate
gradually intensification

YSalt mixture: Ca lactate 35.15, Ca(HaPO4):H20 14.60, KzHPO4 25.78, NaHoPO4 - H20 9.38, NaCl 4.67, MgSOs(anhydrous)
7.19, Fe Citrate - 6H20 3.19

2Vitamin mixture: Thiamine - HCl 600, Riboflavin 600, Pyridoxine - HC] 700, Nicotinic acid 3000, D-Calcium pantothenate
1600, Folic acid 200, Vitamin Biz 1, Retinyl palmitate(Vit. A) 120, DL- e-Tocopheryl acetate(Vit. E) 5000, Cholecalciferol
(Vit. Ds) 2.5, Menadion(Vit. K) 5.0, D-Biotin 20, Sucrose finely powered to make 1000g
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Table 2. The operating conditions of ICP emission spe—
ctrol analyzer for the analysis of calcium and

phosphorus
Conditions
Wavelength For calcium 588.995
spectrum(nm) For phosphorus 214914
Line gas pressure(psi) 70.0
Coolant gas flow 12.0
rate(L/min)
Nebuler Sample gas 40.0
pressure(psi)
Calcium gas flow 04
rate(L/min)
Pump rate(ml/min) 15
Integration Period(sec) 10.0
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Table 3. Initial and final body weights, body weight gain, food intake, and food efficiency ratio of rats fed the

experimental diets for 6 weeks

0 Initial body Final body Body weight Food intake .. .
Groups weight(g) weight(g) gain(g/6 weeks) (g/6 weeks) Food efficiency ratio
Group 1 : Sham 278.0% 39 2806+ 2.7 116+ 15° 6028+ 76> 0.019+0.003
Group 2: S 3196+ 75° 3454+ 8.4° 25.7+£10.7° 705.4%28.3° 0.036£0.014°
Group 3 : HCaL 3039+ 4.3® 2893+ 6.1™ -146% 32° 6323+ 55% -0.023+0.005°
Group 4 : HCaC 2096+ 58 308.3% 6.6% 87+ 38 635.7£15.3% 0.013+0.006*
Group 5: E 2067+ 83° 2823% 75 -123+ 81° 551.4+10.0° -0.023£0.015°
Group 6 : E/HCaC 3122+ 35® 286.3110.4° -172+122° 586.1 +15.6%* -0.029£0.021°
Group 7 : EGR 2907+ 83% 20914+ 8.3™ - 83% 27 566.5+17.6% -0.044%0.031°
Group 8 : EGR/HCaC  311.9+11.4% 209.5+10.1> -124% 6.2 6155+20.6™ -0.021+0.011°
Group 9: EGR/CaCGl  302.0+10.6® 2827+ 8T -19.3% 53° 5700+ 88% -0.034+0.008°
A <0.001 <0.05 NS <0.05 NS
B NS NS <0.05 NS <0.05
F-value? c NS <0.05 <0.05 NS <0.05
D NS <0.001 <0.001 <0.001 <0.001
E NS NS NS <0.05 NS

YRefer to Table 1 for the legend
All values are the mean=*standard error

Values bearing different superscripts are significantly different among experimental groups(p<0.05)
Determined by Kruskal-Wallis procedure for contrast among groups

A Contrast of group 1 and group 2
C: Contrast of group 2 and group 3, 4
E: Contrast of group 5 and group 6, 7, 8 9
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NS: Not significant
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Table 4. Weight of organ

Group” Liver(g) Kidney(g) Heart(g) Spleen(g) Intestine(g)
Group 1 : Sham 7.44£0.20® 2.10£0.07% 1.00£0.03* 0.72+0.02°° 5.49£0.20°
Group 2: S 8.34£043° 2124007 0.95+0.04% 0.81+0.06° 6.42%0.31%
Group 3 : HCal 5.85%0.19° 166+0.07 0.8210.03° 0671004 6.3310.39*
Group 4 : HCaC 6.99£0.19° 1.89+0.11% 0.99+0.04%® 0.64£0.03* 6.6310.34°
Group 5: E 7.63£0.25° 2.28+0.13® 0.84+0.03 0.49+0.02° 543+0.28"
Group 6 : E/HCaC 7.93+0.21° 1.93£0.07%%* 0.91+0.03" 0.49+0,02° 5.25+0.18°
Group 7 : EGR 7.74£0.29° 2.45+0.23° 0.8910.03> 0.62£0.04° 549+0.23°
Group 8 : EGR/HCaC 7.93+0.35° 1.94+0.07™ 0.84£0.04 0.67£0.03™ 551£0.23°
Group 9 : EGR/CaCGI 7.53+0.26® 1.94+0.12%% 0.81+0.03° 0.65+0.04™ 511+0.20°

A NS NS NS NS <0.05
B <0.05 NS <0.001 NS NS
F-value? C <0.001 <0.001 NS <0.05 NS
D NS NS <0.05 <0.001 <0.001
E NS <0.05 NS <0.05 NS

YRefer to Table 1 for the legend
All values are the mean=standard error

Values bearing different superscripts are significantly different among experimental groups(p<0.05)
?Determined by Kruskal-Wallis procedure for contrast among groups

A: Contrast of group 1 and group 2
C: Contrast of group 2 and group 3, 4
E: Contrast of group 5 and group 6, 7, 8, 9

B: Contrast of group 3 and group 4
D: Contrast of group 2 and group 5, 6, 7, 8, 9
NS: Not significant

Table 5. Weight, density, length, strength and content of ash in right femur

GroupsY Wet weight Dried weight Density Length Strength Ash

P (mg) (mg) (mg/cm®) (mm) (kg) (mg)
Group 1 : Sham 96824224  6531t17.4° 3.0+0.0% 353+£03° 55103  278.34*+7.06°
Group 2: S 96591+20.1*°  651.8+137° 30£0.0° 349+05*  53+03™ 276991583
Group 3 : HCalL 899.2+189™  6261%14.1®°  29+00™ 355+02°  58+t04®  269.4616.78°
Group 4 : HCaC 927.8+21.1%  6509+14.6° 29100° 362+03"  58101®  277.42+6.48°
Group 5: E 931.2+133® 6265+ 80°  28+00™ 353+£02°  59+02®  26369+3.98°
Group 6 : E/HCaC 9306164 6346+ 92  27+01% 351101* 60%02° 278.80£8.20°
Group 7 : EGR 801.8*122¢  5437+130° 2.8+0.1% 352102 47103 226.59+5.79°
Group 8 : EGR/HCaC  8905%16.8™  6235+121%  27+0.0% 359105  52+02°  264.24+579°
Group 9 : EGR/CaCGl 888.0+14.8 6081+ 9.8° 27+0.1° 356104 55102  26270t6.8°

A NS NS NS NS NS NS

B NS NS NS NS NS NS

F-value® C <0.05 NS <0.01 NS NS NS

D <0.001 <0.01 <0.01 NS NS NS

E <0.05 NS NS NS NS NS

YRefer to Table 1 for the legend
All values are the mean=standard error

Values bearing different superscripts are significantly different among experimental groups(p<0.05)
?Determined by Kruskal-Wallis procedure for contrast among groups

A: Contrast of group 1 and group 2
C: Contrast of group 2 and group 3, 4
E: Contrast of group 5 and group 6, 7, 8, 9

thsiZel 27, Y=, 2o,
st

2, 38 ¥ £71F

225 =2 A, U, Ao, B, A W 7
714 §%-L Table 5 4 Table 63 7t} ﬂﬂﬂﬂ.,] =
L FAE YA S A 9 P4 E AR ¢
Zhell 96821 22.4mg ¥ 965.9+20.1mg 2 ol &= gmq'

B: Contrast of group 3 and group 4
D: Contrast of group 2 and group 5, 6, 7, 8, 9
NS: Not significant

g Ze He FAE LS AR 2L 79 3.34
mg/g BW.o ¥] 8] 4§ AAIg FolA = 2.80me/g
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7o Aol gl ot AFT EF FA = 0233
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Table 6. Content of mineral in right femur

Groups” Ca(mg) P(mg)
Group 1 : Sham 1795+58°  946+3.1°
Group 2: S 1706+38%  96.3*£22°
Group 3 : HCal 1686+55"  96.7+26°
Group 4 : HCaC 181.3+46° 107.4+35°
Group 5: E 1647125 101.8t15%
Group 6 : E/HCaC 1828166 1104%+29°
Group 7 : EGR 1533+39°  97.0%26"
Group 8 : EGR/HCaC  1718+6.0® 1075%3.7
Group 9: EGR/CaCGI  166.7+5.7® 1036+t5.1"
A NS NS
B <0.05 <0.05
F-value? C NS NS
D NS <0.05
E NS NS

URefer to Table 1 for the legend

All values are the mean= standard error

Values bearing different superscripts are significantly
different among experimental groups(p<0.05)
YDetermined by Kruskal-Wallis procedure for contrast
among groups

A: Contrast of group 1 and group 2

B: Contrast of group 3 and group 4

C: Contrast of group 2 and group 3, 4

D: Contrast of group 2 and group 5, 6, 7, 8, 9
E: Contrast of group 5 and group 6, 7, 8 9
NS: Not significant

+0.011%2} 0.259+0.015% . §-2] & #}o] & v}ehdl B
39 B AyAAe] FA AAE Ao by e

232 A e 9% FEAo] gl Aoz delA 9
oa} B dFqAE daEAd o8 AL Hs
A okokeh =g B 7o AR/TE FaEA F
103224 # Ae3r] 2~3d-& 288 & of 3
A7} Fol 1A= deE ARH LR ol E
Ag717rel v geketa A8 v 34), azv 3

& gAlEFo R A A9 FAE AAT TA
A ko] A3 Fastgdrth o)) AR Kol AF
o) Qg uri= hE T L F4AAA R AF AFF7)
oz} o] FA FejAq 3L rlsle] FH e A
B 32 2ot 1,25(0H):D:S] Aol A g o]
ol F&Ao] AL RAoje) A4E ). G A F estro-
gen 9T, estrogen/ZE E3T°l 27 3.29me/g
B.W., 3.25mg/g BW.Z A& A Fl vlste] E5iet
a3} estrogen A A A ZATFL- 2.75mg/g BW.E &
24 AET v ed FALE ek We ol 349
+05~362%0.3nm= 7t F7kell Aol HolA gkt

8] 5= 47103~6.0%0.2kg 5 4] 2 estrogen/
2 EFTAA AR Fdoh 28Y dAE AAY
T3 325 AASA gL T2 47 55+03ke F,
5310.3kg 2o 2 YAAA 3o 0 AolE 9l
o}, 38 g A4S A T FAE AR
o3& Fo| zhzt 278.341+7.06mg, 276.99+5.83mg o &
ZEF 7] #Fo):= gt v} estrogen B RA 4
FollAE 2265915 79mgE AA 3| Fastgct oA

Table 7. Weight, density and content of ash in right scapula

Groups” Wet weight Dried weight Densit)g Ash
P (mg) (mg) (mg/cm®) (mg)
Group 1 : Sham 2605+ 7.7° 158.9+3.9° 34+01% 81.9+22°
Group 2: S 2574+ 84° 1594+27° 32+0.1% 81.0t1.4°
Group 3 : HCaL 239.8+ 9.3% 1535+26° 33t0.1% 76.8+1.8"
Group 4 : HCaC 2408+ 93® 158.3+49° 36+0.1° 780+29%
Group 5: E 259.2+11.0° 158.4+26° 31+0.1% 774116%
Group 6 : E/HCaC 2619+ 82° 160324 3102 786111
Group 7 : EGR 2383+ 87° 1485+4.4° 32401 70.9+2.6°
Group 8 : EGR/HCaC 2474+ 79% 150252 3.0+0.1° 738+2.4°
Group 9 : EGR/CaCGI 2442+ 35® 148.2+5.0° 3.1+0.1™ 731+23°
A NS NS NS NS
B NS NS NS NS
F-value? C NS NS NS NS
D NS <0.05 NS <0.05
E NS NS NS NS
D » T = .. - - Z = = —— ——
U2 ol;AEL . 61AIZ . Holal.. 0 &F
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DRIV UA ~ RN 1007)



e A/Ag EFFafe]l G2 F FAle viXe 9% M. 34 FAENEC WA« 9% 3l

2.2 estrogen® FAHLZ AL AARCZN A
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225 d=EHZY 2w S G5 HAT T
FA2E A A L Foll4 22 179 5mg 170.6mg
L2 FAaHA o Fo upZ o] E Holx] gigich 2
F9Y FF B2 =T B g Dy
2 FHAbdgo] Zhz} 181.3-4.6mgH 16861 4.6mg o=
Ak T Foll A -9 3HA(p<0.05) T3kt =& es-
trogen/ZE £8T oA 1828+66mg® 71 T2 2
T TS B} 3 ol o] AR sk vl K es-
trogen/ZHg Eg1o] 71 9ot 2 Fubt} Aol
%3ich Ornoy 5-(35)2- FAA A # oA estrogens 5
A& Aol Fhs ko) Flsligickn Rusigin)

LEZ JEF ¢l g2 I4E AAT T3 3
aF AR §& TollA 47 946+ 3.1mg, 96.3+
22mg o2 FAHA o R upE 2po]F Holx| kgt
o Zgde 7 o} dEFY ¢ T D
F 2 "AAbzgro] 747t 96.722.6mg, 10747 35mg s
Bt Fod Tl A =29 Q] Fhake] $9)8kAI(p<
0.05) =3kt =3 estrogen/ZH EFFN4 1104+
29mgo 2 7 w8 o ¥ 14}

Table 8. Content of mineral in right scapula

Groups” Cal(mg) P(mg)

Group 1 : Sham £35+12> 219+11°
Group 2: S 4£0+14* 234108
Group 3 : HCal 432+11° 2311064
Group 4 : HCaC 472+1.4% 258+09™
Group 5: E 48011 255107
Group 6 : E/HCaC 492+13 266108
Group 7 : EGR 477+12*  260108°
Group 8 : EGR/HCaC  484*+14*  26.1+10®
Group 9 : EGR/CaCGI  463+19°  244:+10%9

A NS NS

B <0.05 <0.05
F-value? C NS NS

D <0.05 <0.05

E NS NS

YRefer to Table 1 for the legend

All values are the mean= standard error

Values bearing different superscripts are significantly
different among experimental groups(p<0.05)
?Determined by Kruskal-Wallis procedure for con-
trast among groups

A Contrast of group 1 and group 2
B: Contrast of group 3 and group 4
C: Contrast of group 2 and group 3,
D: Contrast of group 2 and group
E: Contrast of group 5 and group
NS: Not significant

4
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