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ABSTRACT

This study was designed to investigate the effect of dietary boron supplementation and calcium levels on calcium and bone
metabolism in ovariectomized female rats. The experimental group classified ovariectomized group(O) and sham operation group
(S). The two groups were then each randomly divided into four sub-groups and fed experimental diets consisting in two levels of
calcium and at each level of calcium, there were boron supplemented group and non-supplemented group. Calcium levels were
either 0.2%low calcium group: L) or 1.2%high calcium group; H). The level of boron in the diet for the boron supplemented
groups(B) was 100pg/g diet. The experimental period was six weeks. The average food intake were not statistically significantly
different in all of eight groups. The increase in weights of rats was observed only in ovariectomized and sham control rats(low ca
without boron supplemented). The rest of the groups lost weight significantly during the experimental period ranging from 26.94g
to 44.34g. Significant higher calcium intakes were observed in high calcium groups, regardless of boron supplementation during
experimental period. Urinary calcium excretion was not affected either by ovariectomy or diets on the first, third and sixth week of
feeding. Apparent calcium absorption rates were not different among the groups on first week, whereas noticeable increase was
observed in low calcium groups at third and sixth weeks. Femur wet and dry weight, and calcium contents of femur were higher in
low calcium groups. whereas femur bone density was higher low calcium with boron supplementation groups than low calcium
groups. Scapular density did not show any significant differences among all groups. Despite there were no differences in the
activities of alkaline phosphatase by boron supplementation, boron supplemetation appeared to cause higher femur density. There
results suggest that in both of sham-operated and ovariectomized rats low calcium did not influence greatly bone status of rats and
boron increased bone density.. (Korean J Nutrition 34(8) : 887~ 895, 2001)
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Table 1. Composition of experimental diet (g/kg diet)
Groups” Ovx : Sham
Ingredient oL OLB OH OHB SL SLB SH SHB
Corn starch 687.17 687.07 668.18 668.08 687.17 687.07 668.18 668.08
Casein 150 150 150 150 150 150 150 150
Corn oil 100 100 100 100 100 100 100 100
Salt mix” 14.72 14.72 14.72 14.72 14.72 14.72 14.72 14.72
Vit mix” 10 10 10 10 10 10 10 10
CaCO;, 2.20 2.20 21.19 21.19 2.20 2.20 21.19 21.19
Ca{H,PO,),H,0 49 49 49 49 49 49 49 49
Na,P,0;10H,0 26.01 26.01 26.01 26.01 26.01 26.01 26.01 26.01
Choline chloride 2 2 2 2 2 2 2 2
DL-methionine 3 3 3 3 3 3 3 3
Boron 0 0.1 0 0.1 0 0.1 0 0.1

1) OL: 0.2% Ca diet for bweeks + ovariectomy, OLB: 0.2% Ca diet for 6weeks + ovariectomy + boron supplement(100pg/g diet), OH: 1

2% Ca diet for bweeks + ovariectomy, OHB:

diet for bweeks + sham operation, SLB: 0.2% Ca diet for 6weeks + sham operation + boron supplement(100pg/g diet), SH:

1.2% Ca diet for 6weeks + ovariectomy + boron supplement(100pg/g diet), SL: 0.2% Ca

1.2% Ca diet

for bweeks + sham operation, SHB: 1.2% Ca diet for 6weeks + sham operation + boron supplement(100pg/g diet)

2) Salt mixture ingredients(mg/kg mixture): MgCO; 6900, ZnCO; 96, FeSO, -

7H:0O 124, MnSQO, - 5H,0 150, CuSO, - 5H,O 20, KI 1.3,

NaCl 2300, Na,CO, 1600, K:CO; 3530, Na,5eO; 0.22, Sucrose, finely powdered to makte 1000.

3) AIN(American Institute of Nutrition vitamin mixture ingredients(per kg mixture): Thiamin.HC! 600mg, Riboflavin 600mg, Pyridoxin - HCI
700mg, Nicotinicacid(nicotinamide is equivalent) 3g, D-Calciumpantothenate 1.6g, Folic acid 200mg, D-Biotin 20mg, Cyanocobalamin
(vitamin B12) 1mg, Retylpalmitate(vitamin A)-as stabilized powder to provide 400.000IU vitamin activity or 120,000 retinol equivalents, DL-
o-Tocopherylacetate {vitamin B)-as stabilized powder to provide 5,000lU vitamin E activity, Cholecalciferol 2.5mg(100,000 IU. May be
powder form), Menaquinone(vitamin K) 5.0mg, Sucrose, finely powdered to make 1,000g



ariectomy) S 3I¥a, tiZFolAE sham-operations
AABET) Table 1049} o] A4 ol American
Institute of Nutrition”& #1msle] 919] ¢#& 0.5%%
ZA AR F3, ol ZEFES 0.2%%) 1.2%2 2
gt z2AEIc 545 5423 A (boron crystalline,
Aldrich)& A-g3led Opgd 100pgo 2 BE3FES deld
20| 2 677 A3k

Z YaAA - AZEE (0L, 8ukd]), GadA - AdE
-84 BEF(OLB, 5vhel), w4384 - 2253 (0H,
gute)), dadA - ndE -84 2E3F(OHB, 79k,
Sham -~ A Z(SL. 9v2]), Sham - A#% - 54 B5
T(SLB, 59}a]), Sham - 2Z4#(SH, 5vt]), Sham -~
0z - B4 BE7(SHB, 8vha)) 9] 8o = Wit

Table 2. Total food intake and body weight gain of the rats”

\ Total food intake Body weight Weight gain
Group (g/6week) (® (8/6week)

oL 671.05 + 180.06” 288.14 + 28.55° 2.86 + 28.73°
OLB  670.34 + 201.79 286.15 + 19.93° —44.34 + 16.80"
OH  589.09 + 154.34 28478 + 19.47° -37.71 + 27.56
OHB 70047 + 211.97 28550 = 19.93* -28.47 + 19.44°
SL 570.18 + 21296 267.57 + 18.62°  5.59 + 12.84°
SLB  760.66 + 244.94 26544 + 1759 -41.84 + 2193
SH 675.64 + 157.14 26823 + 15.16° -27.61 + 14.95°
SHB  777.51 + 189.01 268.04 + 14.58° -26.94 + 2293
Ovx” NS * NS

Feed NS NS **

1) Mean =+ Standard deviation

2) Values within a column with different superscripts are signifi-
cantly different at p < 0.05 by Duncan's multiple-range test.

3) Significant factor(*: p < 0.05, **: p < 0.01, NS: Not signifi-
cant), Ovx: Main effect of ovariectomy, Feed: Main effect of Ca
level and boron supplement

Table 3. Liver, kidney, thymus and spleen weight for group”
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v = Ag4o]9} gol &4 (ultrapure water)E AHrA
oz eI 2H 2 AE e ATl g vt
2 Fejste] ARSEch Aol AA%H AF Wt v
3 13] A&zl SA3IHH(Table 1).
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3. Yooty By

%% hydroxyproline %8 Blumenkrantzhk Asboe-
hansen®y ol 93] ZAsA. WA dAF] =of 6N
HCIE 1 118T9 B0 Yol 1247 F2h& 7H-i-3
A7l F W3] S 7 v F9E sampledl] 1miY &
FE Y1 o7]9 1M periodic acid®} extraction solu-
tiong A7t 2000rpmoliA AAESAIAL. 1 F &

Liver Kidney Thymus Spleen

Group ()] (g/100g BW) (8 (g/100g BW) ® (g/100g BW) () (g/100g BW)
oL 772 + 1.06° 251 + 032" 202+ 020 0.66 = 0.96° 061 + 0.11° 0.19 + 0.03* 025 + 0.13* 0.08 + 0.03°
OB 571 + 129 256+ 072° 215+ 022 097 + 020° 035+ 0.16° 0.16 + 0.07° 0.16 + 0.06° 0.07 + 0.03*
OH 609 + 2.92° 279 + 1.04° 225+ 027 090 + 0.07° 045+ 0.17° 0.18 + 0.06° 0.12 + 0.07° 0.06 + 0.03®
OHB 675 + 208" 289 + 037° 227 + 045 095 + 0.25° 049 + 0.21° 021 + 0.06° 0.13 + 0.08° 005 + 0.02°
SL 7.43 £ 1.19° 277 £ 036° 208 + 039 078 + 0.14° 063 + 0.09° 0.24 + 0.04 0.28 + 0.02° 0.1 + 0.09°
SLB 536 + 091" 238 4+ 031° 219+ 0.14 1.02 + 0.18 027 + 0.09° 0.12 + 0.03° 0.10 + 0.09° 0.06 + 0.04®
SH 6.00 = 0.49® 251 + 0.06° 2.10 + 0.35 0.89 + 0.20° 042 + 0.15° 0.17 + 0.05*° 0.15 £ 0.06° 0.06 + 0.03®
SHB 753 + 1.29° 331 + 052° 226+ 025 097 + 0.21° 0.56 + 0.14° 0.23 + 0.04° 0.10 + 0.05° 0.04 + 0.02°
Ovx” NS NS NS NS NS NS NS NS

Feed *¥ * NS *k *k *% *k x*

1) Mean + Standard deviation

2) Values within a column with different superscripts are significantly different at p < 0.05 by Duncan's multiple-range test.
3) Significant factor(*: p < 0.05, **: p < 0.01, NS: Not significant), Ovx: Main effect of ovariectomy, Feed: Main effect of Ca level and

boron supplement
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Table 4. Daily calcium intake, fecal and urinary Ca excretions and apparent absorption"”

Intake Fecal excretion Urinary excretion Apparent

Group (mg/day) (mg/day) (mg/day) absorption(%)
1 week

oL 84.63 + 545 68.63 + 15.85° 1.75 + 1.16 18.96 + 4.38
OLB 81.88 + 8.13° 65.51 + 24.07° 1.53 + 0.75 20.10 = 5.38
OH 13175 = 7.41° 104.08 + 19.48° 1.68 + 0.81 2090 + 6.89
OHB 126.74 + 4.11° 101.40 + 33.52° 167 + 072 20.41 + 10.40
SL 93.13 + 5.94° 77.30 + 34.24° 1.58 + 0.59 17.10 £ 4.47
SLB 79.99 + 5.80° 62.99 + 46,53 137 £1.23 21.26 + 892
SH 156.18 + 2.26 12421 + 21.18 1.37 + 0.64 20.58 = 3.15
SHB 123.43 £ 1.94° 99.66 + 46.23° 161 + 0.87 2169 + 6.61
Ovx” NS NS NS NS

Feed ** o NS NS

3 week

oL 89.95 + 16.75 42.25 + 20.95° 0.49 + 0.10 52.47 + 18.81°
OLB 79.07 + 23.87° 34.46 + 17,55 0.40 + 0.07 5451 + 8.14°
OH 168.19 + 48.93° 101.35 + 18.16° 0.51 + 022 37.94 + 9.83°
OHB 190.84 + 39.25° 109.59 + 37.08° 0.44 + 0.12 4044 + 6.75°
SL 85.35 + 22.10° 33.66 + 11.23 0.48 + 0.17 56.09 + 891°
SLB 104.51 + 55.66" 60.63 + 2465 0.42 + 0.11 54.04 = 9.83°
SH 135.40 + 79.38° 82.90 + 17.08° 0.50 + 0.25 4025 + 394
SHB 183.37 + 57.19° 110.56 + 45.87° 0.43 & 0.12 39.76 + 538
Owx NS NS NS NS

Feed * ** NS **

6 week

oL 83.97 + 13.91° 3073 £ 9.39° 0.63 + 0.23 58.84 + 9.95°
OLB 75.29 + 21.18° 39.30 £+ 7.51% 0.69 + 0.26 4770 £ 2.86°
OH 133.52 + 46.18® 5442 + 7.81° 0.64 + 0.21 48.08 + 5.34°
OHB 179.27 + 81.44° 80.54 + 23.07° 0.69 + 0.31 4994 + 521°
SL 83.83 + 3336 2891 + 6.42° 0.62 + 0.18 59.33 + 7.34°
SLB 101.20 + 22.30° 44.20 + 13.24% 0.65 + 0.64 4648 + 1.93°
SH 120.78 + 65.04" 59.91 + 10.77° 0.65 + 0.25 4793 £ 527°
SHB 188.13 + 87.82° 96.78 + 62.88° 0.60 + 0.56 4747 + 8.32°
Ovx NS NS NS NS

Feed ** ** NS b

1) Mean + Standard deviation

2) Values within a column with different superscripts are significantly different at p < 0.05 by Duncan's multiple-range test.
3) Significant factor(*: p < 0.05, **: p < 0.01, NS: Not significant), Ovx: Main effect of ovariectomy, Feed: Main effect of Ca level and

horon supplement
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Table 5. Ca, P, creatinine content and alkaline phosphatase activity in serum”

Alkaline phosphate Ca P Creatinine

Group (KA) (mg/dl) (mg/dl) {mg/dl)
OL 1854 = 7.31 891 + 1.07 4.59 + 0.82™ 2.21 £ 202
OLB 1670 + 8.25 718 £ 136 9.78 + 5.36° 2.54 + 045
OH 19.50 + 8.89 8.16 = 1.62 6.36 + 2.13° 194 + 253
OHB 1597 + 13.09 8.20 + 1.48 6.82 £ 4.49° 207 + 0.57
SL 18.78 + 9.35 8.04 £ 1.21 7.16 + 553° 2.01 + 2.55
SLB 16.52 + 8.72 7.50 + 1.34 11.21 + 4.65° 203 + 5.1
SH 1519 = 541 8.01 = 1.61 7.98 + 3.79° 1.81 + 2.30
SHB 1681 = 4.88 843 * 1.14 5.59 + 1.66° 229 + 343
Ovx? NS NS NS NS
Feed NS NS * NS

1) Mean + standard deviation

2) Values within a column with different superscripts are significantly different at p < 0.05 by Duncan's multiple-range test.

3) Significant factor(*: p < 0.05, **: p < 0.01, NS: Not significant), Ovx: Main effect of ovariectomy, Feed: Main effect of Ca level and

boron supplement
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4. Hydroxyproline® Urinary creatinine
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A ggront 35 6FAlo= Aol Ul B ¥ FaAFFEd
e §9320 AolE B, 3FAdE Hzgel L5
B38| & hydroxyproline ¥lAd #o] £& Hog 1}
ebon, 6F7Adl e ALE + BARESTH T@EHolT
of| A wjAdake] =dt} BE hydroxyproline2 F2 &
1 Az EAsts FEAdle] FAL R Sl

#W % ) hydoxyproline Hjd %o} F718b7] wiof 3

=

B A
oS Y

4% AHZE o] 81 o YA A FEAA B2
Rog g3A o ¥

ad) B AT 6574 oA daA AT #yk o}
Yet ShamwAAME AZE + 4374 hydroxy-
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Table 6. Hydroxyproline and creatinine in urine”

Hydroxyproline Urinary creatinine

Group (mg/dl) (mg/day)

1 week

oL 2.34 + 1.61 6.25 + 2.65
OLB 2.50 + 1.38 6.23 + 5.1
OH 246 + 1.36 6.03 + 3.12
OHB 299 + 1.63 597 + 6.01
SL 243 + 1.60 6.04 £ 6.32
SLB 2.15 + 0.75 5.87 + 3.54
SH 2.96 + 0.58 6.17 + 6.11
SHB 253 + 1.78 6.13 + 2.77
Ovx? NS NS
Feed NS NS
3week

oL 1.54 + 0.85" 6.98 + 1.85
OLB 218 + 0.94° 6.89 + 1.77
OH 1.25 + 0.48° 6.59 + 2.49
OHB 149 + 0.51% 7.05 + 1.80
st 1.52 + 0.98® 6.96 + 1.73
SLB 215 + 092° 6.90 + 2.54
SH 1.43 + 0.49° 7.03 + 1.90
SHB 1.58 + 0.70% 7.15 + 1.81
Ovx NS NS
Feed * NS

6 week

oL 142 + 0.407 7.84 + 3.15°
OLB 3.72 + 0.62° 4.46 + 2.38°
OH 3.08 + 4.11° 509 + 5.41°
OHB 2.38 + 0.45° 6.20 + 4.50°
SL 172 + 0.39° 6.85 + 6.01°
SLB 3.83 + 1.09° 547 + 2,53
SH 349 + 1.47° 6.01 + 2.33°
SHB 199 + 1.23° 6.21 + 3.04%
Ovx NS NS
Feed *% *

1) Mean + standard deviation

2) Values within a column with different superscripts are significan-
tly different at p < 0.05 by Duncan’s multiple-range test.

3) Significant factor(*: p < 0.05, **: p < 0.01, NS: Not signifi-
cant), Ovx: Main effect of ovariectomy, Feed: Main effect of Ca
level and boron supplement
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