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The Effect of Combined Estrogen/Calcium Therapy on Bone
Metabolism in Ovariectomized Rats
I. A Study on Biochemical Parameters in Qvariectomized Rats
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Abstract

This study was implemented in order to investigate the effects of dietary calcium-salt, estrogen-
treatment, and estrogen/calcium treatment on bone metabolism. Ovariectomized rats were used as
animal models. Female Sprague-Dawley rats with a body weight of 250 ~280g were underwent ovar-
iectomy or sham-operation. The ovariectomized rats were divided into 9 different experimental groups
including the saline—treated group, the estrogen-treated group, the high calcium salt—treated group,
and the estrogen/calcium treated groups and fed for 6 weeks. Creatinine and hydroxyproline in urine
were analyzed. Creatinine, calcitonin, osteocalcin, alkaline phosphatase and parathyroid hormone in
plasma were also determined. The results of the experiment are as follows: The ovariectomy caused
a significant increase in the level of food intake, food effciency ratic and body weight gain in comparison
with sham-operation. The overall food intake, food effciency ratio and body weight gain were signifi—
cantly decreased by estrogen. The ovariectomized animals developed obesity as a result of increased
food intake. In addition, estradiol injections suppressed food intake with a concomitant loss in body
weight. The level of urinary hydroxyproline, as an indicator of bone resorption, was higher in the
ovariectomized rats compared to sham-opertion, while these decresed in the estrogen/calcium treated

_group. Parathyroid hormone and calcitonin in the plasma, that were used as the indicator of calcium
homeostasis, parathyroid hormone higher in the ovariectomized rats compared to sham-operation.
It was lowered by estrogen and high calcium treated groups; thus, estrogen and estrogen/calcium treated
groups were decreased by 32% compared to saline treated group. Osteocalcin and alkaline phosphatase
which are indicators of bone formation, were significantly higher in ovariectomized group, while
this showed to be decreased in the estrogen and the estrogen/calcium treated groups. Estrogen and
estrogen/calcium in ovariectomized rats resulted in lower bone loss. However, estrogen treated group
its gradual reduction showed little effect on bone loss, while the gradual reduction of estrogen had
a preventive effect on bone loss when the treatment was combined with calclum intensification.
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Group 1 : Sham [7 | Control J
Group 2: S [ ] 0.9% Saline ]
Group 3 : HCaL [ ] high Calcium Lactate(1.2%) ]
Group 4 : HCaC [ [ high Calcium Carbonate(1.2%) ]
Group 5 E [ | Estrogen(80ug/day) ]
Group 6 : E/HCaC [ | Estrogen(80ug/day) +high Calcium Carbonate(1.2%) ]
Group 7 : EGR li [ Estrogen(80ug/day) r Estrogen(40pg/day) f Estrogen(Oug/day) J
Group 8 : EGR/HCaC Estrogen(80ug/day) |  Estrogen(40ug/day) | Estrogen(Opg/day) |
high Calcium Carbonate(1.2%)
Group 9 : EGR/CaCGI Estrogen(80ug/day) Estrogen(40ug/day) Estrogen(Qug/day)
+Calcium Carbonate(0%) |+ Calcium Carbonate(0.6%)| +Calcium Carbonate(1.2%)
14 18 20 22 22 weeks
% recovery | ————————————————m treatment |
Sham-operation
QOvariectomy

Fig. 1. Experimental design.
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Table 1. Composition of experimental diets (%)
Groups® Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7  Group 8 Group 9
Ovx+ Ovx+ Ovx+ Ovx+ Ovx+ Ovx+

Ingredients Sham Ovx HCalac HCaCar Ovx+E E/HCaCar EGR EGR/HCaCar EGR/CaCarGl
Casein 12 12 12 12 12 12 12 12 12

Corn starch 73 73 71.8 71.8 73 71.8 7.3 71.8 73—724—71.8
a-Cellulose powder 5 5 5 5 5 5 5 5 5
Corn oil 8 8 8 8 8 8 8 3 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 - 1.2 - 1.2 0—06—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 intensification

Dgalt mixture: Ca lactate 35.15, Ca(HsPO4)H:0 14.60, KsHPO, 2578, NaHzPO4 - Ho0 9.38, NaCl 4.67, MgSOs(anhydrous)
7.19, Fe Citrate - 6H20 3.19

DVitamin mixture(mg/kg mixture): thiamine + HC1 600, riboflavin 600, pyridoxine - HCI 700, nicotinic acid 3000, D-calcium
pantothenate 1600, folic acid 200, vitamin By 1, retinyl palmitate(Vit.A) 120, DL- a -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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2, C=Clearance(ml/min)
V=Urine flow(ml/min)
U=Urinary concentration of creatinine(mg/mil)
P=Plasma concentration of creatinine(mg/ml)
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Table 2. The operating conditions of ICP Emission Spectro Analyzer for the analysis of calcium and phosphorus

Conditions

Wavelength spectrum{nm) For calcium 588.995

For phosphorus 214914
Line gas pressure(psi) 70.0
Coolant gas flow rate(l/min) 12.0
Nebuler Sample gas pressure(psi) 40.0

Calcium gas flow rate(l/min) 04

Pump rate(ml/min) 15
Integration Period(sec) 10.0




diezd/ze Egsde] A 79 Zoiabel vl 9% 1. AsPA Wi ¥ 47 997

A7} estrogen/Zrer EF QY] AIE Lol y| § A vyt ZAgd SHo e o)A g 12
s}od 2+ 272 thu)(contrast)test S 3t} o) = ADg BolFo] -0.0220019 2 etk dE FoT
E EA7 2L statistical analysis system(SAS) pac- £ 001200102 aRADE FolFo] F23H 3k
kageE °]&-3t%ich tH(p<0.05). %3} estrogen F-o1T X estrogen/ZE &
FEEANNE Ale]Age] 27 -0.021001 R -0.03
dn 9 1 +0012 ¢4 S AAG F Bt Fo A G2 A gS

Bk
2lo| M2, HBS7H Y 4ojEE 2z A AFe 7 Z) Folrt Yot £% %

627k AR B3] Alo] ek, AE 27 e P A 477, & B AP Soirbr] A AFe s A
o] A§-L Table 35 2t} 63 Zat Alo] AL} A FollA F4aE AR B2 Tl 88 {F23t
A2 AAZ 70541 28.3g/6 weekoll v} FE A Al F4eHp<0.001). °17i% Morris 5(29)8] @4 &
1413}1] 2 F(shamT)-& 602.8+7.6g/6 week &2 ARG Fol FAE AR ¢-& Tl v T F

£ AAG T4 520314 (p<0.05) B AR A 354 FE AF -3'7}7} Fo)atA A ebtehe B
% 2ok =3 34 E ARG FHlA w2 DS 29} gzt G2 E AT FollA Y oleidt A
IRADEE 53 FL FAE AAY A HlE ZF 27l FLI e P AAR A Ao AP
ohd G AHGAE Byoh =3 dA HAE F e o] Z7}sl T AR dpo] HA o vvte] ZAFH = P4
Al estrogens FoIq Foll A= 2o] Aol 5514 A T2 EAL Ve 222 A 4 2deh30).

+10.0g/6 week >-2. 2] 314 el (p<0.001). Estrogen Estrogen $933} ol A& A F F719F0) -123£81g/
9 Fog Tl e G o] AN FAE Bolth b es- 6 week 2 A|Fo] Fhadhe 7 - B 3lch w7 estrogen
trogen/ a4 &3Sl 4+ estrogen Fo Tl H] S ANAH R LA FAT T AF HE= -83
g 4zt Z7IkE Ho] A3 kake By, +2.7g/6 week® ¥ .o} estrogenS T4 Alo] 4 #2}o]

Aol A g da s AT FollA 00410012 & 20 E 3 o] PAHE AL B S gt} o] AL o}

28 AASA 4 T 00210009 vl&) oha A7z Ga 52 Ee] ojw s o) Ale] A

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

Initial body Final body Body weight  Food intake

)l . .
Groups weight(g) weight(g) gain(g/6 weeks) (g/6 weeks) Food effciency ratio
Group 1 : Sham 2780+ 39° 2806= 2.7 11.6= 15 6028+ 76*° 0.02+0.00°
Group 2: S 3196+ 75° 3454% 8.4° 25.7+10.7*  7054x28.3 0.04+0.01°
Group 3 : HCalL 3039= 43® 92893% 61*  -146% 32" 6323= 557 -0.02£0.01°
Group 4 : HCaC 2996+ 58° 3083= 667 87* 38 63.7x153" 0.01£0.01*
Group 5: E 2967+ 83> 2823=x 75 -12.3% 81°  551.4%10.0° -0.02%0.02°
Group 6 : E/HCaC 3122+ 35™ 286.3+104° -17.2=122°  5361t156™ -0.031£0.02°
Group 7 : EGR 299.7+ 83 2914% 83° - 83 27°  56657176% -0.04%0.02
Group 8 : EGR/HCaC 311.9=11.4®° 2995+101%  -124% 62°  6155%206% -0.02%0.01°
Group 9 : EGR/CaCGlI 302.0110.6™ 2827% 87T -193+ 53°  5700= 88* -0.03%0.01°
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

USee the legend of Table 1

All values are the mean=standard error

Values bearing different superscripts are signficantly different among experimental groups(p<0.05)
?Determined 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, & 9
E: Contrast of group 5 and group 6, 7, 8 9 NS: Not significant
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Table 4. Hemoglobin and hematocrit of rats fed the experimental diets for 6 weeks

Groups” Hemoglobin(g/dl) Hematocrit(%)
Group 1 : Sham 13.690.45%® 44.9410.76°
Group 2: S 1421 £050% 4397+2.18°
Group 3 : HCaL 13.36£0.55% 43.77+£054°
Group 4 : HCaC 14.33+0.48% 45.02+1.64°
Group 5: E 11.83£0.47 33.71+1.39°
Group 6 : E/HCaC 11.60£0.30° 33.29£0.78°
Group 7 : EGR 1461 £0.45° 42.48+150°
Group 8 : EGR/HCaC 13.66£0.17® 41.40+0.23™
Group 9 : EGR/CaCGI 13.30£0.19% 39.65+0.790°

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

USee the legend of Table 1
All values are the mean=*standard error.

Values bearing different superscripts are signficantly different among experimental groups(p<0.05).
ZDetermined 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

o AF Ao Al e FAE WHAA Wk
2| 7t estrogeng Fof 39 FHA] @A T vl ghFo] 3B
Haoe RuElets B8 E date) obdsl Azt
o} e ¥ F gy Yo deds 44
3 Foll4l AFHEE 146+3.28/6 week 2 2 345
st

AL 5To HYT 2uH|

677 A AR H o Yk R} AYT
44 = Table 49 Zt} 28 ATl 44
FEE 11.60~14.33g/d1E AAAEAG 2 T 44
B X 33.29~44.94%°] A Gt $AE AAF
T3 AASA] 4L F Zrelle Aol gAY FAA
A ¥ estrogen T T3} estrogen/ @4 E g7l A
AR FEo AYF L4017 -2 84A FdvHp<
0.05). °] AL estrogen 5o} 2] 3] 2Jo] 4] F gko] =]
3501 (31) A TR HYET LA07t G A
2 AREHY o)d dsid e 33 o B2 A7t &7
0= 3

a7\o] 24

AY FEE2) 243 3719 F5& Table 59 2},
2, A%, A% 2w FAE dag AAT T
G2 BASA G FhAE Ao} gk Ao
wob 2, AR, AT WAL A e W2

B: Contrast of group 3 and group 4
D: Contrast of group 2 and group 5, 6, 7, 8, 9
NS: Not significant
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o3l &% A9 hyperplasia® 44 F+ JL2 ¢
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Table 5. Weight of organ

Group” Liver(g) Kidney(g) Heart(g) Spleen(g) Intestine(g)
Group 1 : Sham 7.44+020% 210007  1.00£0.03° 0.72+0.02®  549%£0.20°
Group 2: S 834+043°  212+0.07™ 0.95+0.04% 0.81£0.06 6.42+0.31*
Group 3 : HCal 585+019°  1.66+0.07 0.8210.03° 0671004  633+0.39°
Group 4 : HCaC 6.99+0.19°  1.89%0.11%* 0.99+0.04°° 064+0.03*  6.63+0.34°
Group 5: E 7.63+025°  228+0.13" 0.841+0.034 0.49+0.02° 543+0.28°
Group 6 : E/HCaC 793+0.21° 1.93+0.07°% 001+003™ 049002 525%0.18°
Group 7 : EGR 7.74+1029°  2.45+023" 0.89+0.03"¢ 0621004 5.49+0.23°
Group 8 : EGR/HCaC 793+0.35°  1.94+0.07™ 0.8410.04% 067£0.03"™ 551023
Group 9 : EGR/CaCGI 753+0.26%  1.94+0.12°% 0.81+0.03° 065+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

DSee the legend of Table 1
All values are the mean*standard error

Values bearing different superscripts are signficantly different among experimental groups(p<0.03)
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 6. Concentration of creatinine in urine and plasma and glomerlar filtration rate of experimental rats

Groups” Urine creatinine(mg/day) Plasma creatinine(mg/100ml) GFR(ml/min)

Group 1 : Sham 2.15%0.17° 1.75+0.05° 0.14+0.02*
Group 2: S 2.43+0.08" 1.94£0.09° 0.17+0.04°
Group 3 : HCalL 2.32+0.08" 1.90+0.10° 0.16+0.02%°
Group 4 : HCaC 2.29+0.10°* 1.80%£0.13* 0.15+0.01*
Group 5: E 2.15£0.16% 1.84*0.04° 0.14+0.03®
Group 6 : E/HCaC 2.1510.04* 1.78%+0.11° 0.13+0.01°
Group 7 : EGR 2.32%+0.10* 1.92+0.06° 0.16+0.01*"
Group 8 : EGR/HCaC 2.21+0.10* 1.88+0.07° 0.13+0.02%°
Group 9 : EGR/CaCGI 2.20%+0.16* 1.88+0.05° 0.13+0.01°

A NS NS NS

B NS NS NS
F-value? C NS NS NS

D NS NS 0.05

E NS NS NS

USee the legend of Table 1
All values are the mean = standard error.

Values bearing different superscripts are signficantly different among experimental groups(p<0.05).
PDetermined 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

o] 23] A4E} creatinine clearance® 33 ¥ AL
A o 37}-&-& Table 63} 2t} 28 F creatinine WA
g2 25 AYTE 47 22+02~2410.1mg/day
g 2 F 34 AAT T2 24+01mg/day 2
Ad Estr)

¥4 creatinine §F- 2 E AP 2474 1.810.1

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

~1.9%0.1mg/100ml ¥ $] = A3 78 Z o]} sl

AbA dapgE dAaE AAG Tl daE A
A stA] - Foll ulEl oF 18% A= Frbstdch G
A A ¥ estrogen 5], 285 ¥ estrogen/ZH
£ FoAFolM 25 ALFEA o 2go] Fadste A
&5 B9l Estrogen 34 b4t 2 AAA 5
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7t BTl ALFA gl FAde 7ol
7' goteh o] AL YA AR AL FA g8 2
7t2 Qs AR 238 EAAM ALEA A3
(glomerulosclerosis) Zt-& A1#47]5-¢] w2 5315 o
278 dAE A F AT gL G2 EH
A sHA] 932 7ol vl 78l vl estrogens £
g Fol] A 2A] o 2H-go] FAsvbE Morris $(29)
o Byel dx|sigdcl

Y 271F

A 2 oY Q9] ek Teble 73 2} €4 2
F YFE G5 AAEA -2 o] 13.610.6mg/100
mlE 2 GAaE FAFE Fol 126+0.3me/100mlE o
A AL vy ot nage Fod2 ¥R F e
eo] 154+0.4~15510.3mg/100ml M ¢ 2 Z7}3)e
IS AAY T 2oE §935A B9k (p<0.0001).
vl 5(32)9] B3l gshd 7 o] F A A g
B TN €A F gw o] FosA F5&
Yetled o] £ 79} v S Bl
%98, Thomas 5(33)2 ¢AFHE WA 22 05% 2+
7 01% Zes 44 AAFANA € F dw dHS
vlars) £ Aa} 05% ZEs A T4 8 2
Zr45 ko] 10.3mg/100ml, 0.1% &S A 3T T
&= 9.3mg/100miZ 05% ZH-& A Lo &
Z 4 o] vt Byl ey dAE

Table 7. Content of mineral in plasma

AAR FHolA De AFFE 247 01%, 05% FH R
< o A 2y g M gt AR nysly
2 AYe o Aabgch o]l B A AR
W Zw S 12%2 245S AW o Ed ¥
Z U o] 73] 23} Thomas 5(33)e] AME-3F0.1%
g 05%2E dAE AR A ¥4 5 ZF
Fxo GgE A g AR Agsd.

Estrogen 91T, estrogen/Z4 &3, estrogen &
A 7taet vty Fo9F %W estrogen XA i
o} g HAA F7F FATNA A F dw ol
7Z+7t 154+0.3~16.3%20.3mg/100mH 1 =& ¢4 E A
A Foll vl & FA3] F718Fd oHp<0.0001). Cruess
(99 BaoM dAE AAF F estrogends T
A H4 83 F Zw w27 3L AR = F713814
o7} 2 o] FellE oA FAE HARY T e F
o ¥ FEE vty o} B AP dAaHA F
estrogen 74 7]7to] 652 A7) A vidt AF
< viebd A Zr) 22 Riggs §(34)2 2035 &
2ol Al estrogens ¥4 23 A 2 e 23]
8 At e ey B Agde o 238
233 v} 93 Ormnoy $(35)8] B 9sid €A
ZE Fov Do A A% B ety R3s)
Arh ojke] AstR ¥ol estrogen Fof7| 7k wHE
A F 24 ek Wl ddldde 23 08 A
FE oo} o Hr.

Groups” Ca(mg/100ml) P(mg/100ml!)
Group 1 : Sham 13.59+0.55° 13.76+0.54°
Group 2: S 1262+0.33° 14.43+055°
Group 3 : HCal 15.40+0.39® 13.86+0.42°
Group 4 : HCaC 15.48£0.32% 14.13+0.66°
Group 5 E 1585+ 0.54™ 13.93+057°
Group 6 : E/HCaC 16.250.30° 13.74+0.66
Group 7 : EGR 14.39+0.23% 14.88+0.56°
Group 8 : EGR/HCaC 16.24%0.30° 14.12+0.96°
Group 9 : EGR/CaCGI 15.43%0.26% 14.28+0.54°

A NS NS
B NS NS
F-value” C 0.0001 NS
D 0.0001 NS
E NS NS

"See the legend of Table 1
All values are the mean=standard error

Values bearing different superscripts are signficantly 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
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FAE AASA g T ¥4 F QA §HL 138
+0.5mg/100mle] v 4§ A A3 T2 al §=F2 144
+0.6mg/100ml2 F T 2ol §-9J3 Aol ATt =
3 estrogen 5 2 g EFY F 2E FolA
A 2 oo ol W flsd ok Morris 5(29)
o 28t FAE AA Fella A ol ko] ¢
A Eskerz 3h9 2 Riggs $(34)] M el £f3}
W 73 F Foh2F SA}oll A estrogen Foi= A F
Q1] kg R 3HA A A oka 3F5 THp<0.0001).
il 5(32)% ZErdo Q) A F Q) ol 7
2tz stgded o)y 2 A o Addch
2]y} Cruess@} Hong(9)ell &) 51 45 AA o
o vlal FAaE AA A G Tl ¥ F ) g2
o] ¥gte v} estrogend $9 2 ZAdlE FFE Kol
t7t AA Al7re] A FAaAA o Fof FAAH A
F estrogen §9 o ¥-oll Abgtgle] A F <l FEF2 )
2847 ek kgl k. Thomas S(33)2 (7 F ol 05%
Z A9} 01% 2 AHA 3 F Q FFel=
olzt gl FAaA A o Fol dal A x 2ol Fd
oha g Abr| o] Baet ¥4 ol RS e AYT
W 2 el YR gerie 2 A¥ AH4E 3=
o WA o ekl o F Al 2ol A AFE
whz] o= Aoz AztEc)

HE 22IMM 22 9l calcitonin &2t

HA 2akaAd 22 2 2 calcitonin 332 Table 8
2 7} gAe] 27 32 23 calcitonine Al A
o} Zg9) AL FAATE FAAHL L ¢
(1836). A ¥ A 322 o] daF HAY
o] 649+4.8pg/migd s FAE AA A ¢ T
4 552+ 47pg/mIF ek G AAA o o uwpeba]
A BG4 322 P fo3 A dgA R dAa
E A FollA thk & Aol & 53N
2o ostd A ST A Sz B
ZEE ke F F7e) o3 Aol glslov F
7 Ao v & A%z B A A A
%2 BodEd o] Rol waAdAd o HF #w
T3] At g4 R4 2R FS ZUHIE
oz At Ech dAaAA F estrogend T3 ol
A B 22 E ek 439+ 34pg/mliE FAE
AA g Tl H]e] f2laA golA ¥a  ¥3p44
32E §gko] 32%ut A= Ak 21 (38)8] Bl A
E G4 A F o estrogend F9T A7 G4 E
AR Foll Bs FsiA A F RAAAd 522 F
2o} ZFasteitin slgldl ole} e AZ Mo}

Table 8. Concentration of parathyroid hormone and
calcitonin in plasma

Groups” PTH(pg/ml) Calcitonin(pg/ml)
Group 1 : Sham 55.2+4.7% 433+4.2%
Group 2: S 64.914.8° 372+33°
Group 3 : HCaL 56.1+7.3" 44.4+2.0%
Group 4 : HCaC 542+ 74" 429+55%
Group 5: E 439+34° 54.7+29°
Group 6 : E/HCaC 43127 579+4.2°
Group 7 : EGR 583171 453199
Group 8 : EGR/HCaC  49.9+6.8" 583%56"
Group 9 : EGR/CaCGl  575+39% 53.3%6.0°

A NS NS
F-value” NS NS
C NS NS
D <0.05 0.01
E NS NS

VSee the legend of Table 1

All values are the mean ™ standard error

Values bearing different superscripts are significantly
different among experimental groups(p<0.05)
PDetermined 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

estrogene] B7AAl s 2 Eol g A& T34
A ZaAEEE AT A FAGE FA A A
E A nEH dAsAch56). w3 ndgro T
ANME FaAA Tl v A BN 2L F
gro] 1A Az B F3 TRk Fol el A 2zt
7+ 1399} 1694 7} 2=l ch Estrogen FX1 A 4T
ol Ao ¥a ik w22 afo] 58.3+7.1pg/ml
02 A4S A Fol vla) dopA Aol 9l
2 57 gt 2aly estrogend A 7H4e)
IAEE FATAAL] A F ¥4 52 R Y
o] 499*68pg/mlE A F W3 32 £ 7}
2 g dxAx Ayt Qe AoR peiAld

Calcitonin®] ¥& k2348 A A3l o2 79
43.314.2pg/mlell vl&) a4 A el = 37.2+3.3pg/
mle 2 WAE AAToA ot 2 AFE K
o, o} AL WA A4 ko] k4 Qs RAAAAd 52
2 o] Z718te) ot "3 calcitonin §E-E HolA
gl FAAAE fA s & oz AtEIc

P A" A F estrogen 5o 7ol A £ # calcitonin
Fafo] 547+ 209pg/mlE A4S AAG Foll vl &l F
ol &hA FrbE 9 e& bl ch(p<0.01). =g 34 A
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A ¥ estrogen/Zg EZTAAE A calcitonin g
o] 54914.2pg/mlZ FAE AAF Tl vld) w3k
t} o]d AR 2 Hol I A4AHA ¥ estrogen ¥ ILAH
AHRE J8 €4 F D Feke] 214l wela] 2
#] AW A 2 & 94 calcitonin o] Z7}
g e g AZRATH(39).

& osteocalcin &2t AP 4

A osteocalcin 37 AP 842 Table 99} 2t}
¥ 7} osteocalein e AP #4& F3A A EE o
A ZAFE 5 FAL 3] U F FAPA
A ZEAEY ZFo] FrlEe FaA o] wE o
¥ Fx7 Z71 0H37,39). €A osteocalcin ¥kt
AP AL JFAE AA 8] & Fol v]s) FAE A
A FoAlA F23HA A el eh(p<0.001). o2}
Ze ANz B o F4E AR g T B ds
£ AAT T ZHA o] w2 FEA] Briw
E 5 ot} (408 Aol €3 AP AL A8 o]
WolAl o] wtet AP &4 0] F7lste] 317 ZH 400 <4
ol vl& 7 F 500, 600 Aol AHA FIHE
BH 3 53] 60 400 o Bl 8] #-97 S7HE B
o2 st o} Aloia $(41)S] AR A7 F Fd
Az e A Bl 7 F Foh3E #RTolA €3
W AP ZAdo] froslA A veht Fd gt Sof A
FRAE Yl s 2 wslgdo) Riggs S(34)S

ZthF5 AL estrogen 518 A7 AP 4 o] £-9
A izt pagch =3 B AfdA da
A A F estrogen T T4 AP FA4 2 9.0+1.0K-A
232 AdA 79 1421 1.3K-A 2o} 28 3H4s)
AHp<0.000D). Y45 A & o2 AT
Morris 5(20)& g3l AP &Ao] daE AA s}

& o] BlE] §-931A 9k, osteocalcin 3E-2
o 8hR) = gdghot g A FollA =4 e
Wb 3l 2w 71(42)8] ATl dAaE AAE F
o| A osteocalcin 23+ AP B4 0] FAE A s}A
42 o vl& etk g o) AsdTe 2
Ay Ages dx skt

A4 A] ¥ estrogen F Foll A osteocalcin 3
0] 30+0.2ng/mlel = FAE A gt F-oll 49 osteocalcin
ke 44+0.2ng/mlE FA4AA ¥ estrogen Fo o)
o4 B3 osteocalcin F&o] 4TS & 4+ 9
o} & 537 E ZohFF R}l Al estrogend FoI
A3} osteocalcin 3] 4.27ng/miol A 3.02ng/ml=
Zadte A4S Ryd) B A Aol dxsy
th o]A o2 "ol H7 F FaA o] wE A NA
estrogens T8 HH FaAEE FAEAA T
AL e F oSS ¥ £ o)

P42 AR Fell A ZEF A H TN E osteo-
calcin &= 3 AP &4 o] f-&8HA FA2ych 2w
Ao gl E ZuA &S FaAA FEA4E AG

Table 9. Osteocalcin and alkaline phosphatase content in plasma of experimental rats

Groups” Osteocaicin(ng/ml) Alkaline phosphatase(K-A)

Group 1 : Sham 31+0.2° 8.0£04°
Group 2: S 44%02° 142+1.3°
Group 3 : HCalL 31£0.2° 9.2£0.6>
Group 4 : HCaC 29+0.1° 9.2+0.4"
Group 5: E 30+0.2° 9.0+1.0%
Group 6 : E/HCaC 29+0.1° 86+0.7°
Group 7 : EGR 39+0.3® 11.6£09®
Group 8 : EGR/HCaC 32%01% 9.0£0.3™
Group 9 : EGR/CaCGI 31102 9.0£0.3"

A 0.001 0.0001
F-value® B NS NS

c 0.0001 0.001

D 0.0001 0.001

E NS NS

PSee the legend of Table 1
All values are the mean=*standard error

Values bearing different superscripts are significantly different among experimental groups(p<0.05)
PDetermined 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
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AR & Qlokz ALg ol 53], estrogen/ZE E¥T
| 4] osteocalcin 3t AP 244 o] 74 A eyt
£l o]Z 2 estrogen/ZAH EFA FEALEE #
A A7) A4 & I (synergistic effect)2har AL5¥ o}
Estrogen A A& 7}l 4] = osteocalein 333 AP
Fajo] A Fol vlsh) =A LA} Wkt es-
trogen A A4 7t} g HAH FrF BTN

2 Aol Wi AA F estrogen TS AW F
hydroxyproline §=Fe] 202.1£7.6ug/24hr$ 32 hydro-
xyproline/creatinine ratio7} 92.8+3.8ug/24hr2 W4
= AAZ Tl viste F2]8tA Zghehp<0.0D). Riggs
S(34)2 B}EZ @bl AA estrogens FHE 2
3} A e 2 wjAd s = hydroxyproline &3Fe] 25.5ug/

osteocalcin &3 AP EAdo] 3] #A4AFTE 2
gatoll Al = 83 A

Fol Fadgol wE kTS

Brupylolzta AzE

28 & hydroxyproline &2f

7 ¥ F£4Le Fadel dite] glorn Fu
& of2izhA S} Asistel A E2 $4E £ ok
creatininedl| t&k 1] < AAkslg

A1 2 hydroxyproline# 248
Zelo] FFFY AR S

Table 103} 3t} 2 A ollA 2 F

hydroxyproline/creatinine ratio®. i

(p<0.001). Horsman
" 9] hydrodroxyproline v A 2¥e]
£Ae] o w2 doidg& B3 3kl

gk, 4 F hydr-
oxyproline % % hydroxyproline/creatinine ratio
hydroxyproline
fé}"ja"‘g‘ GAE AAF Fol 277.9+8.3ug/24hrell B] &)

25 AAsx] -2 Fo] 167.414.3ug/24hr 2 i
% AA g Lol vle] {254 F3heh(p<0.001). =3}
= A 7
o] W4& AAjslA] @& ol vlste] fo A =gk
432 ZF HYo] I &
2 AEEY] 24

24hrell A 19.9ug/24hr2 # A3 Fadtdcte Bast
9}, Christiansen S(11) % 7] 517 6] <l Al estrogen
S %03 Az 4 F hydroxyproline/creatinine <t
calcium/creatinine”} f-¢]8tA ZFastd oty B3}
det. 2 (38)8) Rael = dag AAR el A estro-
gen 5oi8 A7 A9 o2 w4+ hydroxyproline
geko] #A)3) Ftastgvty Rustgrl ol BHE
Mo} estrogene TEFE A FEAE G A
=]

H 5
A2 A

F2A A F estrogen/ZAH EFLYelA oM
hydroxyproline &H&ko] 185.7149ug/24hr2 d4
A g Fol] w3 o) 2wl S Byt o] A
rogen®} A% E¢FA7 FEFFE AW £
Aozt 2L AAbslhe Heolel Abaxch

A4 Tol g Ak g Rl A e g
hydroxyproline ¥l gko] =A FFadlAlw b orvt
estrogen A3 A 7} a9} 34 $o]F ¥ estrogen &
AR st g HA A Z7) T T2 2214
+188 % 211.9% 159ug/24hr 2 48 .2 2 9] hydroxy-
proline WA 2k F A4S AAE o v&) A

=
Les
1=

t-
o

Table 10. Hydroxyproline excretion for 24 hours and ratio of creatine per hydroxyproline of experimental rats

Groups” Hyroxyproline excretion(ig/24 hours) Hydroxyproline/Creatinine(10™)
Group 1: Sham 1674+ 43° 69.2+ 897
Group 2: S 2779+ 83 12534105
Group 3 : HCaL 223.2+11.6% 956+ 51
Group 4 : HCaC 208.1+ 4.7% 962+ 38™
Group 5: E 2021+ 7.6 928+ 38
-Group 6 : E/HCaC 1857+ 49 8.0+ 1.9%
Group 7 : EGR 250.1 109 1083+ 3.0%
Group 8 : EGR/HCaC 221.4+18.8% 9.2+ 69¢
Group 9 : EGR/CaCGl 211.9+15.9% 976t 7.7

A 0.0001 0.0001
B NS NS
F-value® C 0.01 0.01
D 0.0001 0.01
E NS NS

YSee the legend of Table 1
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
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