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Abstract

This study was conducted to investigate the effect of calcium and boron intakes on calcium utilization in
ovariectomized (OVX) rats. Rats were divided into 9 groups and fed diets containing various levels of calcium
(0.1%, 05%, 1.5%) and boron (0.5 ppm, 50 ppm, 100 ppm) for 4 weeks. The half of rats in each group were
ovariectomized and the others were sham-operated. Rats were fed same diets for 8 weeks after operation.
Feed intake and weight gain were significantly increased as the dietary calcium was increased and those of
OVX group were higher than in sham-operated group. Feed efficiency ratio was significantly higher in OVX
group than that in sham-operated one. With boron supplementation, serum calcium level was significantly
increased in low-calcium group, but decreased in adequate/high-calcium group. In calcium balance, calcium
intake was significantly increased with increasing levels of calcium and boron and higher in OVX group than
that in sham-operated one. With increasing calcium intake, fecal and urinary calcium excretions were
significantly increased. Urinary calcium excretion was significantly decreased with increment of boron intake.
Apparent calcium absorption of adequate-calcium OVX group was the highest among the groups. Daily calcium
retention was significantly increased as the dietary calcium was increased and that of high-calcium OVX
group was higher than high—calcium sham-operated group. According to these results, the boron supplementation
increased the calcium intake and decreased the urinary calcium-.excretion. Therefore, it could be suggested
that the boron supplementation may be complementary to calcium nutrition and useful for bone health.
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Table 1. Composition of experimental diets (g/kg)
I di Low  Adequate High
ngredients CaV Ca Ca

Corn starch 517.1504 507.2597 475.3273

Casein 200.0000 200.0000 200.0000
Sucrose 100.0000 100.0000 100.0000
Soybean oil 70.0000  70.0000  70.0000
Cellulose 50.0000 50.0000  50.0000
Mineral mixture (Ca/P/B free)” 350000 35.0000  35.0000
Vitamin mixure’ 10.0000  10.0000  10.0000
L-Cystine 3.0000 3.0000 3.0000
Choline bitartrate 2.5000 2.5000 2.5000
T-butylhydroquinone 0.0140 0.0140 0.0140
Calcium phosphate 3.4000 6.8770  33.3040
Calcium carbonate 0.0000 74200 12.9254
Potassium phosphate 27156 0.0000 0.0000
Potassium citrate 6.2200 7.9293 7.9293
Adequate 0.0005 0.0005 0.0005
Boron High 0.05 0.05 0.05
Very high 0.1 0.1 0.1

"Low Ca: 0.1% Ca, 0.3% P; Adequate Ca: 0.5% Ca, 0.3% P;
High Ca: 1.5% Ca, 0.9% P.

Y AIN-93 mineral mixture (Ca/P/B free).

¥AIN-93 vitamin mixture.



i)

50

system{Ethos touch control, Milestone Inc, Italy).2. 2 %3
slo] 7ol © 2 wHE X ICP spectrometer(Atomscan advat-
age axial sequencial plasma spectrometer, Thermo Jarrell
Ash, USA)E o]&3o] Zw2 Z*Eki*—i <= AAskd 2

# AR FTN LA 2 i o) g sl g o] §-3}o]
AE7 Fee{Es A Ay F 2 wd=b/2s
A X100} 1Y 25 CEs A0 F 2 )

o7 - Aeld - A st

NEPEES

ZEa BEg A
ARG A A=
%, 08 dadA, A BE 2%
(p<0.001, p<0.01, p<0.001, p<0.001, p<0.001)8] F2&t <3

z3 o

2k, MES7H % AzrE

Fol e Alz

UL ¥

A3, AFTrE
Table 29} 7+c}. A4l ek 2
T G d A AL

ek — _/;\_ui Z= 7 wll A] 2k 13=3lod
= $E A E AEsse g wro} g A F] LB Fag A Fo] v L AT
EAEA do} xopch AFSUtee 24, SaAA, Zee G
2 A7 8 dolxl E An= SAS programS o] & Al A3 2H4-(p<0.05, p<0.001, p<0.05)2] F2&k o3 gkS vk
sty o RFEUAE T AFT BEL AT ol g Al HHN & AFL vyt AlE 8§ FAAA
L WA f-37 el v 7] 932 3X3X2 ANOVA (p<0.001)9] Frolgt cd ek yrol Aol vlA A1
testZ A A8} a1, 9] & od sFo] vtEbyt-g- uff 7k FHH x)o] = le= 0
L+ Duncan’s multiple range test® ¢ =0.05 &304 $-2 o AF ool Aol d =, AEZrlet 9 2o i
A& AA Ak of ulx] = e oldg 1011 ot thare) A
Table 2. Feed intake, body weight gain, and feed efficiency ratio of the experimental groups
Groups ’ Feed intake Body weight gain FER"
. Ca (%) B (ppm) g/day g/wk
Sham operation 0. 05 12.1940.18" 3.80%1.46° 0.04£0.02°
0.1 50 12.34+0.17 5.06+2.41¢ 0.06+0.02°
0.1 100 11.22+1.05" 4.09%2.00° 0.05+0.02"
05 05 12.66%0.08" 401£1.35° 0.05£0.02°
05 50 12914028 4731085 0.05+0.01°
05 100 13.17+0.63" 5.19+1.45° 0.060.02°
15 05 13.64£0.23% 4.40+1,01° 0.05+0.01°
15 50 13.93+0.49" 434+1.11° 0.04£0.01°
15 100 14.11%+0.15® 475+ 1.44° 0.05+0.01°
Ovariectomy 0.1 0.5 14.35+0.65 10.38+£451° 0.10+0.05°
0.1 50 14.75+0.79% 12.28 +3.63™ 0.12+0.04°
0.1 100 14.67+0.43% 11.45+4.46% 0.11£0.04°
05 05 15.07+0.36™ 12.95+2.56™ 0.12%0.03°
05 50 14.73+0.63% 12.69+4.20™ 0.12£0.04
05 100 15.35+0.86° 12.39+2.44™ 0.12%0.02°
05 15.94+0.32° 13.34 269%™ 0.12+0.02°
5 50 16.51+0.50% 14.61£2.37° 0.13£0.01°
15 100 16.47+0.717 13.97£2.17" 0.12+0.02°
Significance p<0.001 p<0.001 p<0.001
Ca p<0.001 p<0.05 N.S.
B p<0.01 N.S. N.S.
Operation p<0.001 p<0.001 p<0.001
CaxB p<0.001 N.S. N.S.
Ca X Operation p<0.001 p<0.05 N.S.
B X Operation NS N.S. N.S.
CaXxXB X Operation N.S. N.S. N.S.

PFeed efficiency ratio=Feed intake (g)
DValues are mean£SD of 10 rats per group.

/Body weight gain (g).

YValues with different superscripts within a column are significantly different at « =0.05 by Duncan’s multiple range test.

“Not significant.
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Fig. 1. Serum calcium level of the experimental groups.
Values are mean £ SD of 10 rats per group. Different superscripts
within calcium group are significantly different at «=0.05.
0.1Ca: 0.1% Ca, 0.5Ca: 0.5% Ca, 1.5Ca: 1.5% Ca, 0.5B: 0.5 ppm
B, 50B: 50 ppm B, 100B: 100 ppm B.
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Table 3. Calcium balance of the experimental groups

Groups Intake Feca} Urinary excretion Appare_nt n
excretion absorption
Ca (%) B (ppm) mg/day mg/day mg/day %
Sham 0.1 05 12.20£0.182¥ 6.35+1.72° 0.601+0.34 49,16+ 15.44%
operation 0.1 50 12.34£0.17® 6.59+0.93° 0.33%0.18° 51.87+19.34%f
0.1 100 11.22+1.05° 5.57+1.65° 0.4240.52° 453312181
05 0.5 63.280.41" 20.66+7.80™ 0.60+0.46™ 63.27 =265
0.5 50 64.531+1.42' 21.85+4.01™ 0.44+0.36° 62.82+2.07%
05 100 65.831+3.14' 19.00£4.24 0.49+0.47° 66.424.27%°
15 05 204.53+351° 10757%21.99° 1.05+0.86° 43431662
15 50 208.99+7.38° 107.16£36.57° 0.40+0.17" 47.61 14,80
15 100 211.71+221° 121.18+19.75" 0.69+0.39™ 44.33£13.40"
Ovariectomy 0.1 05 14.35+0.65" 6.1811.83° 0.34+0.09" 55.57 + 14.49%
0.1 50 14.75£0.79° : 5.62+2.00° 0.40+0.20° 54.72+8.15%
0.1 100 1467+0.43° 6.15+2.36° 0.3520.08° 61.59+ 12,3 8bede
05 05 75.37+1.80° 23.21+1.60™ 0521023 72.72+10.21°
05 50 73.67+3.13° 24.02+1.35° 0.60+0.48™ 70.28£6.06™
05 100 76.76£4.28° 22.18+2.68™ 0.46+0.41° 75.43£5.80"
15 05 239.04%4.82° 116.07=14.55" 1.03£0.62° 54,97 +8.96"
15 50 24758+7.58" 109.17£30.15° 0.78+051" 56.90 % 14,66
15 100 247.11%10.72° 118.02+28.33" 0.34+0.26" 50.85+8.99™
Significance p<0.001 p<0.001 p<0.0] p<0.001
Ca p<0.001 p<0.001 p<0.01 p<0.001
B p<0.001 N.S. p<0.05 N.S.
Operation p<0.001 N.S. N.S. p<0.001
CaxB N.S? N.S. N.S. N.S.
Ca X Operation p<0.001 N.S. N.S. N.S.
B X Operation p<0.001 N.S. p<0.05 N.S.
Ca B X Operation N.S. N.S. N.S. N.S.

i’Apparent absorption (%)=[(intake—fecal excretion)/intake] x 100.

PValues are mean*SD of 10 rats per group.

Values with different superscripts within a column are significantly different at @ =0.05 by Duncan’s multiple range test.
“'Not significant.
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