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Calcium and Phosphorus Balance Study by Soy
Isoflavone Intake in Qvariectomized Rats®

Chang, Moon-Jeong - Kwon, Kyung-Jin - Kim, Sun-Hee’
Department of Foods & Nutrition, Kookmin University, Seoul 136-702, Korea

ABSTRACT

This study was performed to determine the effect of three different concentrations of soy-isoflavones on calcium and
phosphorus balance in either sham-operated or ovariectomized female rats. Seventy-two 16-week old Sprague-Dawley
rats underwent sham operation or bilateral ovariectomy. They were provided diets containing different levels of soy iso-
flavones for 6 weeks: 50 ppm (low isoflavone intake; LI), 250 ppm (medium isoflavone intake; MI) and 500 ppm (high
isoflavone intake: HI) . The subsequent fecal and urinary excretions of calcium and phosphorus were then measured. In the
sham-operated rats, body weight gains and food efficiency ratio of the MI and HI groups were significantly lower than
the control group while food intake was not different. However, there was no significant difference in the ovariectomized
rats. The fecal excretion of calcium was significantly lower in the LI, MI and HI groups than the control group in sham
operated rats, and significantly lower in the HI group than the control group in ovariectomized rats. Also, apparent ab-
sorption rate of calcium and phosphorus did not show any significant difference among groups. Urinary excretion of
calcium and phosphorus was significantly lower in the HI group than the LI group in the sham-operated rats. Urinary
excretion of calcium was significantly higher in the control ovariectomized rats than in the control sham-operated rats.
Retention of calcium and phosphorus did not show any significant difference in both groups. From the above result, we
see that isoflavone intake increases calcium retention through an increase in calcium absorption and also suppresses the
increase of calcium excretion in urine in ovariectomy. Therefore, it is suggested that isoflavone intake is recommended
for menopausal women who experience sharp bone loss due to the decrease in estrogen hormone. (Korean J Nutrition
38(1) : 40~47, 2005)

KEY WORDS : isoflavone, balance study, Ca, P, apparent absorption rate.
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Table 1. Composition of experimental diets

Ingredients (g/kg diet) Control u" M Hi
Corn starch 520.486 529.336 528.736 527.986
Sucrose 100 100 100 100
Cellulose 50 50 50 50
Casein 200 200 200 200
L-cystine 3 3 3 3
Corn oit 70 70 70 70
Mineral mixture? 35 35 35 35

(AIN-93G)
Vitamin mixture® 10 10 10 10
(AIN-93VX)
Choline bitartrate 25 25 25 25
Tert-butylhydroquinone 0.014 0.014 0.014 0.014
Isoflavone powder 0 0.15 0.75 1.5
Total 1000 1000 1000 1000

1) U: low isoflavone intake, Ml: medium isoflavone intake, Hi: high
isoflavone infake

2) Mineral mixture provides calcium carbonate, 12.5 g: sodium
chloride, 2.59 g: potassium citrate, 2.48 g: potassium phosphate,
6.86 g: potassium sulfate, 1.63 g: magnesium oxide, 0.85 g: man-
ganous carbonate 0.02 g: ferric citrate, 0.21 g: zinc carbonate,
0.06 g: cupric carbonate, 0.01 g: potassium iodate, 0.00035 g:
sodium selenite, 0.00036 g: chromium potassium suffate, 0.01 g:
ammonium paramolybdate, 0.0003 g: sodium meta-silicate, 0.05
g: libitium chloride, 0.0006 g: boric acid. 0.003 g: sodium flouride,
0.002 g: nickel carbonate, 0.001 g: ammonium vanadate, 0.0002
g: sucrose finely powdered, 7.73 g

3) Vitamin mixture provides thiamin HCI, 0.006 g: ribofiavin, 0.006
g pyridoxine HCI, 0.007 g: niacin, 0.03 g: calcium pantothenate,
0.016 g: folic acid, 0.002 g: biotin, 0.0002 g: vitamin B, 0.00001 g:
dry vitamin A palmitate, 4.000 U: dry vitamin E acetate, 50 U:
vitamin D; frituration, 1.000 U: menadione sodium bisulfite com-
plex, 0.00005 g: sucrose finely powdered, 9.81 g

2 223 202 aglycone type L& o]AZElEo] 32.18%
(genistein 3.76%, daidzein 19.33%, glycitein 9.09%)
48 BEHHE A5 F2 34t (Ansan, Korea) ©l|A
T9lsle] ALEEIET) A8l AHRE vitamin mixture 9}
mineral mixture® Harlan Teklad (Madison, USA) A&
£, cellulose, DL—methionine choline chloridet sigma
(St. Louis, USA), casein2 Junsei Chemical (Tokyo,
Japan) AlEolH, $54 A it F23JA} (Seoul, Ko-
rea), 2% CJ F23A} (Inchon, Korea), 557+ o
2} F2)3)AF (Seoul, Korea) 5014 +J3ka {I57]E o]
g3to] 3151
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Table 2. Total food intake, body weight gain and food efficiency ratio (FER) in sham-operated and ovariectomized rats

Group Food intake (g) Final body weight (g)  Body weight gain (g) FER
Control 542 + 16" 319+ 7° 26.4 + 4.6° 0.05 + 0.01°
sham u? 549 + 20 303+ &* 154 + 1.8% 0.03 = 0.00®
M 505 + 17 300+ 8* 120 £ 3.2° 0.02 +0.01°
H 520 + 17 203+ 6° 48 £5.1° 0.01 + 0.01°
Control 547 + 33 305+ 12 327+85 0.06 + 0.01
OvX u 536 + 17 25+ § 232 %36 0.04 + 0.0
Ml 552 + 24 208+ 7 253+ 39 0.05 = 0.01
HI 524+ 16 204+ 8 21.7+78 0.04 + 0.01

1) Values are means + SEM (n = 9). Values in a column with different superscripts in the same operation are significantly different

(p<0.05) as assessed by Duncan’s multiple range test

2) U low isoflavone intake, MI: medium isoflavone intake, HI: high isoflavone intake, OVX: ovariectomy
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Fig. 1. Total food intake, body weight gain and food efficiency
ratio (FER) in sham-operated and ovariectomized rats. Bars re-
present means = SEM (n = 9). Values with different alphabets in
the same operation are significantly different (p <0.05) as asses-
sed by Duncan’s multiple range test. xp <0.05, differ significantly
between sham-operated and ovariectomized rafts.

MBS ES et 38(1) 40~47, 2005/43
AZZEE 5 717 AT Qol@o g hro] Al
som, AMh HABE 7 U AW F 29T 24
3 Q18] MAZeN s 29 F jERS @ oz A
Ao, AW BEEe YA W F uSe o
o] 5ol ooz ATl YAFE FrYOE 1}

Fo] WRge A

BAABE SPSS 10.0& o) §sle] A4¥8d Had 2
T2 ANl oH, olaZEd AFeEel e IF
2 ANOVAZR ¥4 & & A8 712) #2942 Duncan’ s
multiple range test® p < 0.05 F5oA AF3ET U
A2 fFl a2 v]zZE student t—testel] Y3l p <0.01
¢} p<0.05 FFIN HF33

o § 0

1. 40| YA AF5 1

AEFES 6577 o] AHF, AF SV 2 Holn

£2 Table 20 AAIEG O GAEA] f5ol & A3
T 28] BAA H|@E Fig. 19 AASINCE Ao] A=
< 2o) Y o]AFFHE HNrFo] HE5E APT T
off frelA Apole YehtA] ggton, dAdA ] wE
FoA Q0 AlE R

AFL A vlA2 Fof sham 52 A9l Ao}
olATEHE] HVIrFo]l FETE HF ATl Hadhe
AE BT o)A HUkrFo] ¥ HIFo] Uz
o Hlgte] FHoF AFo] Wgton, FAAA Al *4
AT 72 FYAQL Apol= itk A 657 AF
7FFE sham €2 79 do] U ojxFehe] %171~r—£
o] FEFE AT Tl A3 M, HITelA dix
ol vl FraAog At a2 daEA] Alddle A
PI7 Ao)7) Gk Fig. 164 B9 sham &l vl
GAEA A AT TR 2 S BloH, MIF

o(I r_u

l"

Table 3. Calcium balance and apparent absorption rate in sham-operated and ovariectomized rats

Grou Dietary intake Excretion (mg/day) Retention Apparent absorption
o (mg/d) Fecal Ca Urinary Ca (mg/d) rate (%)
Control 82.6 + 4.4 318+ 1.1° 3.4 +02%® 474 + 37 610+ 16
sham L? 76.4 + 4.4 278 £ 1.5° 38+0.2° 446 + 4.0 62927
M 680+ 59° 264 +1.1° 3.7 £0.2% 379 +57 59.6 + 3.0
HI 632 +39° 269 £0.7° 33+01° 38.1 £ 1.1 56.6 + 2.3
Control 768 + 2.5° 27.2+11° 3901 457 £ 3. 641 +23
OVX Lt 746 £ 3.7® 233 +15% 39+0. 474+ 25 689 +12
Mi 735 + 3.8® 242 £1.2% 40+02 453 + 3.8 665+ 23
Hi 63.1 £ 4.9° 216 £ 15° 39+02 417 +23 637 £ 46

1) Values are means + SEM (n = 9). Values in a column with different superscripts in the same operation are significantly different (p <

0.05) as assessed by Duncan’s muttiple range fest

2) U: low isoflavone intake, MI: medium isoflavone intake, Hi: high isoflavone intake, OVX: ovariectomy
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Fig. 2. Calcium balance and apparent absorption rate in sham-
operated and ovariectomized rats. Bars represent means £ SEM
(n = 9). Vdlues with different alphabets in the same operation are
significantly different (p<0.05) as assessed by Duncan’s multiple
range test. *p <0.05, differ significantly between sham-operated
and ovariectomized rats. *xp <0.01, differ significantly between
sham-operated and ovariectomized rats.
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Table 4. Phosphorus balance and apparent absorption rate in sham-operated and ovariectomized rats

Group Dietary intake Excretion (mg/day) Retention Apparent
(mg/d) Fecal P Urinary P (mg/d) absorption (%)

Control 25.8 +4.1"° 41 =06 7.1 £03° 146 = 0.9 845+ 15

sham u* 23.8 £ 1.4% 30+05 6.4 £ 04% 144+ 12 87.6 + 2.1
Ml 212 1.8 29+04 57 + 0.4 126 £ 1.7 86.0 + 2.0

HI 197 £1.2° 32+04 54 + 0.3° 11.2£13 838+19

Control 239 +£0.8° 32+£03 64+ 05 14.4 = 0.7 868 +1.3

OVX LI 233 +1.1® 3.6+t04 5904 13.8+ 1.0 85013
M 29 +1.2% 30+03 56 * 0.6 144 +1.2 86.7 £ 1.4

HI 197 £ 1.5° 29+04 59+03 123 09 83.9 £ 3.6

1) Values are means £ SEM (n = 9). Values in a column with different superscripts in the same operation are significantly different (p <

0.05) as assessed by Duncan’s multiple range test

2) L: low isoflavone intake, MI: medium isoflavone intake, Hi: high isoflavone intake, OVX: ovariectomy
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Fig. 3. Phosphorus balance and apparent absorption rate in sham-
operated and ovariectomized rats, Bars represent means + SEM
(n = 9). Values with different alphabets in the same operation
are significantly different (p <0.05) as assessed by Duncan’s mul-
fiple range test.
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