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Effect of Estrogen and Dietary Protein Level on Ca and
Skeletal Metabolism in Ovariectomized Rats

Kim, Wha Young - Kim, Mi Hyeon
Department of Food & Nutrition, College of Home Science Ewha Womans University, Seoul, Korea

ABSTRACT

To investigate the effect of estrogen and dietary protein level on Ca metabolism, female
rats were undergone ovariectomy or sham-operation. Ovariectomized rats were divided into
either estrogen- or vehicle-treated groups. Each treatment group was again divided into 40%-
casein(H) or 10%-casein(L) diet groups. All experimental diets contained 02% Ca, 04% P
and fed to rats for 8 weeks.

Apparant Ca absorption and Ca balance were not affected by dietary protein level and
ovariectomy, however they were increased by estrogen injection and this effect was even higher
in low protein groups. Urinary Ca excretion were higher in high protein groups.

GFR was not affected by dietary protein level,ovariectomy, or by estrogen injection. Urinary
protein excretion was higher in high protein groups, which implies that the kidney funtion
was deteriorated by high protein diet, and this may account partly for the higher urinary Ca
in high protein groups. Ovariectomy or estrogen treatment had no effect on urinary protein
excretion

Urinary hydroxyproline was higher in ovariectomized rats and increased in high protein
groups. Elevated value of ovariectomized rats was lowered by estrogen injection, especially
in low protein group. Alkaline phosphatase tended to increase in ovariectomized gruops and
lowered with estrogen treatment. but this difference was not statistically significant. Serum PTH
was not affected by ovariectomy and dietary protein level. Therefore the increased hydroxypro-
line excretion does not seem to be attributed to PTH.

Dietary protein level, ovariectomy and estrogen treatment did not affect the weights and
components of femur, scapular, and 4th vertebra. Ash/wt ratio of femur was, however, lower
in ovariectomized rats and increased with estrogen treatment. Therefore, among the bones

studied, femur seemed to be the most vulnerable. The results of this study shows that estrogen
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treatment may alleviate or reduce bone loss in postmenopausal women somewhat, especially

for those people with low protein diet.

KEY WORDS . ovariectomy * estrogen injection ¢ protein level *

urinary protein - urinary hyd-

roxyproline + urinary Ca * bone mineral.
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1. A8 S22 AIE % 40|
B d7E 950~500gF Sprague-Dawley &2 3
3HE £LY3td A 5o wE Randomized completely

block design©. 2 UiFojAl Wi A4 $%& (ovariec-
romy) % 2T OE Sham-operationd A A] 3+4T}.
FEF 4X 35S A8 10497 nY ARE HS
A7 g, da AT AES estrogend Tl
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o 7 Hel FEES A Auu nudzos
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ceukE]), Aur —dadAFE(oLy i suke), 1d
W — estrogens- o] (OHE © 6712]), A& —estrog-
enFo] Z(OLE : 67}2]) 9} 6722 YFUTt. Estro-
gen T 9 9] A Folle FAF Fof oo nE
932 glol7l 9al & (vehicle, VIE ¥l ).
F&o B AN P dFe vty
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Table 1. Composition of experimental diets

(g/Kg diet)
10% Casein 40% Casein
diet diet
Corn starch 745.86 448.02
Casein 100.00 400.00
Corn oil 100.00 100.00
Salt mixture!’ 14.72 14.72
Vitamin mixture?) 10.00 10.00
CaCOg : 4.89 4.59
NaH,PO; + 2H,0 19.53 17.67
Choline chloride 2.00 2.00
D-methionine 3.00 3.00

1) Salt mixture(mg/kg diet) | MgCO; 6900, ZnCO;
96, FeSO, « HyO 124, MnSO, - HoO 150, CuSO
4+ * 5H,0O 20, KI 1.3, NaCl 2300, Na,CO3 1600,
K:COs 3530, NaySeOs 022

2) Vitamin mixture(mg/kg mixture) . Thiamine -
HCI 600, Riboflabin 600, Pyridoxine - I:ICl 700,
Nicotinic acid 3000, D-Calcium pantothenate 1600,
Folic acid 200, Vitamin B, 1, Retinyl palmitate(Vit.
A) 120, DL-o-Tocophervl acetate(Vit.E) 5000,
Cholecalciferol(Vit.Ds) 2.5, Menadion(VitK) 5.0,
D-Biotin 20, Sucrose finely powdered to make 1000g

Ast g} (Table 1). Estrogen(?l”ﬂv g o ~EF TS
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% 9] alkaline phosphatases= Kind-King'§ & o] & ‘:ILA le— ) I —4_ B estrogen
Fo ABE WrolA =stad 3o
3} Kit(o}AtA| 2F) &, PTHY Nichols Institute®] C/MM
PTH KitZ, estrogene ICN¢| ESTROGEN KitE A} 1. Ao o3 Hat
g3te) 22t 2Rkt
1) CaZt SATHA}
3. }Ee Hel A8 g4 =9 BE 2UH 1FY F¢9 Ca
B Ao A% B4 Ade 74 297 % BT HAFH Woz uidE CaFe da AAG Aol
Ao} BF oAF ANEAY. BE e da A Sl 2o 93 zlelrl gdtH(Table 2). =
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Sham7< BlZSP LM, da A £5& & Hol  o|F Ho nddFA Edch o] RFE AN

Table 2. Effect of ovariectomy and dietary protein-level on Ca metabolism

Ca intake Fecal Ca Urinary Ca Apparant Ca absorption Ca balance

(mg/day) (mg/day) (mg/day) (%) (mg/day)
OHV 34.69+ 3.641) 22.90% 5.08 0.491+0.15 34.821+ 10.5 11.31% 4.31
OLV 42,461t 3.28 24771 3.10 0.46%+ 0.03 42.021 5.47 17.24t 2,42
SHV 45431 6.80 17.84+ 4.08 1.08+0.18 62.39% 7.02 26.521% 4.53
SLV 45.10% 4.21 27.52+ 2.47 0.44%0.10 38.58+7.71 17.09£ 5.11
s-F NS NS A B AB NS " NS

1) MeantS.E. 2) Significant Factor

A Effect of ovariectomy was significant at a=0.05 level by F-test

B : Effect of dietary protein level was significant at @=0.05 level by F-test
AB : Interaction between A&B was significant at ¢=0.05 level by F-iest
NS : Not significant at a=0.05 level by F-test

OHYV : ovariectomized, 40% casein diet fed, vehicle injected

OLV . ovariectomized, 10% casein diet fed, vehicle injected

SHV : sham-operated, 40% casein diet fed, vehicle injected

SLV . sham-operated, 10% casein diet fed, vehicle injected
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Table 3. Effect of ovariectomy and dietary protein level on serum alkaline phosphatase. PTH and estrogen

level, and urinary hydroxyproline excretion

Alkaline phosphatase(K-A) | PTH(pg/ml) | ESTROGEN(pg/ml) | Urinary hydrpxyproline(ug/day)
OHV 28.65+ 6.44" 52.00% 3.23 315+ 2.7 200.68+ 9.23
OLV 19.00%£ 1.55 63.78+ 2.39 345+t 44 132.92+ 8.17
SHV 1841+ 8.12 63.671 5.37 101.7+ 48.4 127.86% 4.86
SLV 18.09+ 2.58 59.24+ 7.05 768+ 6.2 104.93+ 3.21
S F NS NS A A B AB
1) Meant S.E. 2) Significant Factor

A ! Effect of ovariectomy was significant at a=0.05

level by F-test

B [ Effect of dietary protein level was significant at a=0.05 level by F-test

AB
NS I Not significant at a=0.05 level by F-test
z+ 7 7bef f2f 2]l Aol
W2 (SHV) A 71 & g

Ca &4 &7 Cabalance:
Aot ke —
B Y (Table 2).
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no
Table 59 A} Hi= w9} Zo] EF, AT, 4HA

Interaction between A&B was significant at a=

0.05 level by F-test

Table 4. Effect of ovariectomy and dietary protein
level on GFR and urinary protein

Urine Cr | Cer(=GFR) | Urinary protein
(mg/day) {ml/min) (mg/day)
OHV 57010720 | 0.14%0.04 9.50+ 3.97
OLvV 7.12+1.17 0.17£0.04 4.79+ 1.51
SHV 5.13+0.94 0.14% 0.04 10.44+ 5.48
SLV 6.36* 0.76 0.18% 0.07 3.621+ 0.96
S F? NS NS NS
1) Meant S.E.

2) Significant Factor

NS  Not significant at a=0.05 level by F-test
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g% alkaline phosphatase®™ estrogen %o} 0] ve-

Table 5. Effect of ovariectomy and dietary protein level on bone composition

Wet Wt Dried Wt Ash Ca Ca/ash ash/wt Ca/wt
(mmg) (mg) (mg) (mg) ratio( %) | rato(%) | ratio( %)
OHV |763.9%+ 43.4D |511.1£30.2{818.6+ 19.4(179.1+11.9| 56.1+0:4 | 41.8+ 0.6 | 23.4% 0.4
OLV |767.8137.3 513.2+20.11816.1+13.9|178.2+12.5{56.7t3.4 | 413203 | 234+ 1.4
Femur SHV |764.3+49.4 |521.8+40.5{330.8£27.1|181.0£19.4]54.0£2.0429%£0.9[233%t1.2
SLV [809.0+45.0 [545.0134.6{345.8122.51198.0+14.4|56.610.8 | 43.8+0.7 [ 24.5£0.7
S - F? NS NS NS NS NS AF* NS
OHV (22044 194D [1554+11.6| 87.3% 5.8 | 405+ 3.2 |46.4+1.9 [40.2+1.8 | 18.5+0.5
OLV |214.6% 94 150.5+ 6.0| 88.4% 3.6 | 39.5+ 2.0 |44.6£05|41.3+1.0|18.4105
Scapular SHV |215.0%+ 14.6 149.6+ 10.8| 88.6+ 6.6 | 41.3+ 4.1 | 462+ 1.3 |41.1£0.7 | 19.0£0.8
SLV 2342+ 153 1528+ 11.5] 899+ 7.0 | 41.1+ 3.9 {458+1.0|382+1.8 [17.5+1.0
S FY NS NS NS NS NS NS NS
OHV [286.6+33.71 |156.5+ 15.7| 77.2+ 8.2 | 354+ 3.9 | 459407 {278+ 1.0 |12.5£0.6
sthvertebra OLV |339.5+23.4 196.2+ 11.8| 949+ 7.1 44.9i 3.7 147.2£0.7 {2792 0.3 | 13.2+0.2
SHV |315.3+19.4 180.1+12.4| 91.0+ 76 | 41.4%= 4.1 |451£0.8 |288%x1.6|13.0%0.9
SLV |311.9+28.3 179.1+19.4| 93.8+ 9.6 | 43.2+ 4.9 [457£0.9 1298+ 0.9 | 13.6X0.5
S F2 NS NS NS NS NS A* NS
1) Mean*+S.E. 2) Significant Factor
A Effect of ovariectomy was significant by F-test at *a=0.1, **a=0.05

NS . Not significant at a=0.05 level by F-test

Table 6. Effect of estrogen injection and dietary protein level on Ca metabolism in ovariectomized rats

Ca intake Fecal Ca Urinary Ca Apparant Ca absorption Ca balance

(mg/day) (mg/day) (mg/day) (%) (mg/day)
OHE 40.48+ 4 87V 14.891 3.14 0.71£0.18 62.05+ 7.80 24 .88+ 4.45
OLE 50.68t 3.97 14.28+ 3.58 0.58+ 0.10 71.71% 6.34 35.82+ 4.72
OHV 34.69% 3.64 22.90+ 5.08 0.49+0.15 34.821+ 10.50 11.31% 4.31
OLV 42.46% 3.28 24.77+ 3.10 0.46+0.03 42,021t 547 17.24+ 2.42
S-F D C NS C CD
1) MeantS.E. 2) Significant Factor

C : Effect of Estrogen was significant at 0=0.05 level by F-test
D : Effect of dietary protein level was significant at =0.05 level by F-test after estrogen injection

NS : Not significant at a=0.05 level by F-test

OHE !
OLE :
OHV !
OLV:

ovariectomized,
ovariectomized,
ovariectomized,
ovariectornized,

40%
10%
40%
10%

diet fed,
diet fed,
diet fed,
diet fed,

casein
casein
casein
casein

estrogen injected
estrogen  injected
vehicle injected
vehicle injected
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Table 7. Effect of estrogen injection and dietary protein level on serum alkaline phosphatase. PTH and estro-
.gen level and urinary hydroxyproline excretion in ovariectomized rats :

Alkaline phosphatase(K-A) | PTH(pg/ml) | ESTROGEN (pg/ml)-|Urinary hvdrpxyproline(pg/100ml)
OHE . 14.18% 2.82%) 45.62%+ 6.79 212.7+ 288 128.27+ 5.37 :
OLE 15.44% 2.08 55.07+7.82 291.6% 258 98.86+ 3.08
OHV 28.65* 6.44 52.00+ 3.23 315+ 2.7 200.68% 9.23
OLV 19.00% 1.55 63.78%+ 2.39 345+ 4.4 182,92+ 8.17
$- F » C D C D CD C D CD

1) MeantS.E. 2) Significant Factor

C . Effect of ovariectomy was significant at a=0.05 level by F-test
D © Effect of dietary protein level was significant at =0.05 level by F-test
CD : Interaction between A&B was significant at a=0.05 level by F-test

NS : Not significant at a=0.05 level by F-test

Table 8. Effect of estrogen injection on GFR and Uri-
" nary protein in ovariectomized rats

Urine Cr [Cecr(=GFR) | Urinary protein
(mg/day) (ml/min) (mg/day)
OHE 457+0.79" | 0.13+0.05 11.43% 3.08
OLE 5.06% 0.64 0.19%+0.07 8.69+ 2.66
OHV 5.70£0.72 0.14+0.04 9.30x 3.97
OLV 7.12+1.17 0.171£0.04 4,79+ 1.51
S+ NS NS NS
1) Meanz S.E.

2) Significant Factor
NS : Not significant at a=0.05 level by F-test

13% AE e AFgE HYH, Aol 9%
Akl o) A w9tk ¥H estrogen FF
gend T T met Frhstda, Aol g
WaEc £ = hvdroxyproline 3L estro-
gen] %’f{}%v o} estrogen ¥ 7 (OHE, OLE) ol A
A, Aol FAst A A @M -estro-
gen T (OLE) o] 7HE W& & B AtHTable 7).

2) &=
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x =
WEE, A#RE, 48 HFwe A F714
FX estrogenfFool 93t JF WA Fpon
= 0tk (Table 9).
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Holi glz] gtov} tiEEF 4UA 23
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B dEEH 4HA A5wo] SR, Ca¥
3Ee Canl g, A HE N EFL5~8% F L

27te 2 4 Agou AUSTAAE A RolF
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2 rlo

AFe HA F oA o] esuogens HEIE

| vl G737t Aeo] g FEel o
e APl YA A RS
A8-31e] estrogen®t Alo] @A 3ol Ca E 4
Al B A= FFE Fob Byt J489 EH est-
rogenFEL F7)o] wal 61~394pg/ml2] WY ol
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Table 9. Effect of estrogen injection and dietary protein level on bone composition in ovariectomized
rats
Wet Wt Dried Wt Ash Ca Ca/ash ash/wt Ca/wt
(mg) (mg) (mg) (mg) ratio( %) | ratio(%) | ratio(%)
OHE {745.2+37.61 [519.83+21.4(883.9+12.3]|183.7+ 7.8|550+0.5{451£0.7 | 24.7£ 0.4
Fernur OLE (810.7x48.1 544.6+ 38.0(342.2+20.7]192.4+ 11.9| 56.3+ 1.4 | 42.2+ 0.9 | 23.8£ 0.9
OHV [763.91£ 434 [511.1+30.2(318.6+x19.4|179.1£11.9|56.1+0.4 |41.810.6|23.4+0.4
OLV |[767.8£37.3 513.2+20.1|316.1+18.9(178.2+12.5| 56.7+3.4 | 41.8+0.3 23.A4i 1.4
S F? NS NS NS NS NS CD NS
OHE (209.6+12.1" [147.3+ 6.5| 85.5% 3.6 | 38.7+ 1.8 | 453+0.8 |41.0+ 1.3 |18.61£0.5
Scapular OLE |[217.5%£10.7 152.0+11.11 92.2+ 7.7 | 41.6% 33 |453£0.9|42.1%1.7 | 19.0£0.7
OHV (2204194 1554+ 11.6| 87.8+ 58 [ 405+ 3.2 |464+1.9{402+1.8|18.5+0.5
OLV |[214.6+ 94 150.5+ 6.0| 88.4%+ 3.6 | 395+ 2.0 [446+0.5|41.3+1.0{184+0.5
S-FY NS NS NS NS NS NS NS
OHE 3109+ 26.50 [183.5+12.1| 98.5+ 7.5 | 41.6+ 6.5 | 42.0+53 |32.1£2.0 | 143+ 0.5
sthvertebra OLE \31745i 30.4 177.6+20.5| 883+ 9.8 | 422+ 54 | 4741208 |27.8+1.2|13.2+0.7
OHV (286.6+ 33.7 1565+ 15.7| 77.2+ 8.2 | 854+ 3.9 |459+0.7 | 27.83£1.0 | 12.5+0.6
OLV 839.5% 234 196.2+11.8| 94.9+ 7.1 | 449+ 3.7 |47.2+0.7 1 27.9£0.3 | 13.2+0.2
S F NS NS NS NS NS NS NS

1) MeantS.E. 2) Significant Factor
C : Effect of ovariectomy was significant at a=0.05 level by F-test
D : Effect of dietary protein level was significant at @=0.05 level by F-test
NS : Not significant at a=0.05 level by F-test
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