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Effects of Bovine Bone Ash and Calcium Phosphate on Calcium Metabolism
in Postmenopausal Osteoporosis Model Rats

Lee, Yeon Sook - O, Ju Hwan
Department of Home Economics, College of Agriculture & Life Sciences,
Seoul National University, Seoul, Korea

ABSTRACT

The model rats with postmenopausal osteoporosis were comparatively observed with regard
to the effects of bovine bone ash and calcium phosphate on calcium metabolism. The model-
ling design involved the five week-old female SD-strain rats ovariectomized and fed a low-Ca
diet(20% casein, 0.06% Ca and 0.38% P) for three weeks. The rats were divided into five
groups, one of which was fed the low-Ca diet(basal), and the rest of which were fed four kinds
of Ca-supplemental diets(20% protein, 1.06% Ca and 0.8% P) for three weeks. The Ca-sup-
plemental diets contained two kinds of Ca sources, bovine bone ash(BBA) or calcium phos-
phate, tribasic [Caz(PO,),] and two kinds of protein sources, casein or isolated soy protein(ISP).
The model rats of postmenopausal osteoporosis fed basal diet showed a significant decrease in
Ca utilization in reference to serum Ca concentration, breaking force of bone, Ca and P con-
tents of bone, and Ca absorption and retention. However, the supply of Ca for three wecks de-
monstrated the improved utlization of Ca. One step further, BBA was more effective than cal-
cium phosphate in improving Ca utilization in ISP-fed groups. On the other hand, no sig-
nificant difference was seen in casein-fed groups. It is to conclude that BBA could be more ef-
fective in accelerating Ca utilization under vulnerable dietary or physiological conditions such as
vegetable protein intake and osteoporosis.

KEY WORDS : Ca metabolism - postmenopausal osteoporosis - bovine bone ash - calcium
phosphate.
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tern(1965)% 7]FEo=2 ZAE wEw i@%
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Table 1. Composition of experimenta} diets(g/kg)

Protein source Casein Soy protein
ingredients Basal” Cas(PO.),” BBA Cay(PO.). BBA
Starch 662.0 639.2 639.4 639.2 639.4
Casein 200 200 200 — —
Soy protein — o — 200 200
Corn oil 50 50 50 : 50 50
- Fiber 8 8 8 8 8
Choline Cl 2 2 2 2 2
Vit. Mix.” 10 10 10 10 10
Min. Mix." 40 40 40 40 40
(Ca & P free) .

KH,PO, 18 15 15 15 15
Cas(PO.),” — 25.8 — 25.8 —
BBA® — : — 25.6 ‘ — 25.6
PEG” 10 10 10 10 10

1) Basal diet contained 20% casein, 0.06% Ca and 0.38% P
2) Ca supplemental diets contained 1.06% Ca and 0.80% P

3) Vitamin mixture:(1U/g mix.) Vitamin A palmitate, 2500;Cholecalciferol, 200;{mg/g mix.) Thiamin HNOs, 1;Riboflavin, 1.
5:Niacin, 10;Pyridoxine HCI, 1;Folic acid, 0.5;Vitamin Ki, 1;Vitamin By, 0.001;Ascorbic acid, 33.7;Calcium pan-

tothenate, 5;Di-1-tocopherol, 1;Biotin, 0.4.

4) Calcium and phosphate-free Min. Mix.:(g/kg mix.) NaCl, 250.6;MgSO. - 7H,O, 99.8;Fe-citrate, 6.23;CuS0O, - 5H.O, 1.
56:MnSO. - 7H,0, 1.21;ZnCl;, 0.2, 0.005;(NHaeMo - 70,4 - 4H,0, 0.025;and sucrose, 640.37

5) Cay(PO.), Contained 38.76% Ca and 19.97% P

6) BBA:Bovine Bone Ash contained 39.78% Ca and 18.28% P

7) Polyethylene glycol # 4000
on Qle Ao] & Fako| HEE AuE(KHPO,)

o2 BAFA

AH A s AAAZ F, ethyl

& Qs AHE 4.
o W)l s S BAE F, 3,000rpm
ol 2087+ 948 e (Sorvall, GLC-2B)3te} BH&
dglov) ¥4 A7k W Basiith

(2) Z¥, A& 9w (femur)Z3
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M3} we AYAe] Folrlzk F AY TR 497
stainless steel metabolic cagecld 33t on, ¥
2 a2 wiE A A2 T FHFS FAsk] ¥4

& wi7kx] W Baskh

L

2) NE24

(1) W, 2, 9 el 2t Q)

822 TCA(trichloroacetic acid) &0 = AjgH
8 & LaCl, Sdoz 3Asle AAEFIEA
(Atomic absorption spectrophotometer:Hitachi Z-
6000)%2 422.7TnmelA Z#S& ZAsAT T, A&
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Table 2. Daily food intake and weight gain in postmenopausal osteoporosis model rats fed experimental diets

Final body Daily food Daily weight
weight(g) intake(g) gain(g)
Basal 161.2 £ 16.27 96 + 1.8° -0.9 + 0.5°
Casein
Cay(PO,), 214.4 4 24" 13.1 + 2.8 1.0 £ 0.9*®
BBA 2222 + 93" 11.6 + 1.4° 1.3 + 0.5®
ISP
Cas(PO4) 2112 £ 17.0° 156 + 0.7 0.7 &+ 0.3°
BBA 233.0 + 18.2° 14.8 + 1.9% 16 + 0.8°

1) Mean + SD of 6 rats per group

2) Values with different superscript within the column are significantly different at p < 0.05
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Table 3. Contents of calcium in serum, liver and kidney of postmenopausal osteoporosis model rats fed experimental

diets
Serum Ca Liver Kidney
(mg/100ml) (vg/g) (mg/g)
Basal 5.00 + 0.59"" 9.66 + 7.68 0.36 + 0.73°
Casein
Cay(POL); 6.14 + 0.37% 19.67 + 4.84° 0.73 + 0.30°
BBA 6.26 + 0.15° 15.03 £ 4.40® 0.74 + 0.43%
ISP
Cay(PO.), 549 + 1.26% 19.78 + 7.24° 0.82 + 0.35°
BBA 6.12 + 0.21° 11.09 + 3.33° 0.40 + 0.30°

1) Mean + SD of 6 rats per group

2) Values with different superscript within the column are significantly different at p < 0.05

Table 4. Wet weight, length and breaking force of femur in postmenopausal osteoporosis model rats fed experimental

diets
Wet wt.” Length® Breaking force
(® (cm) (kg/g wel)

Basal 1.06 £ 0.14 3.11 £ 0.10° 10.05 + 3.14°
Casein

Cas(PO,), 1.42 + 013" 3.24 + 0.08" 17.26 + 3.50°

BBA 1.49 + 0.07™ 3.24 + 0.05° 18.39 + 2.00™
ISP

CayPO4) 1.51 + 0.15® 3.20 + 0.11* 1775 + 2.87°

BBA 1.54 + 0.16" 3.23 + 0.08° 22.05 + 3.56°

Mean + SD of 6 rats per group

Total weight of left and right femur

1
2
3
4) Mean length of left and right femur
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Table 5. Contents of ash, calcium and phosphorus of femur in postmenopausal osteoporosis mode! rats fed experimental

diets
Ash (mg/g) Ca (mg/g) P (mg/g) CaP

Basal . 183.8 + 21.4°" 26.2 + 13.0° 28.9 + 3.0° 0.9 + 0.4
Casein

Cay(PO.), 2715 £+ 19.0™ 75.9 &+ 11.6™ 383 + 3.8° 2.0 £ 04°

BBA 285.1 + 30.6" 79.1 £ 127 378 +29° 2.1 £ 0.2°
ISP

Cay(PO.), 264.4 + 25.0° 688 = 2.7° 39.5 + 3.8° 1.8 £ 0.2°

BBA 297.5 + 18.7° 910 + 55 386 £55° 24 +0.2°

1) Mean + SD of 6 rats per group

2) Values with different superscript within the column are significantly different at p < 0.05

Table 6. Daily Ca intake, fecal and urinary Ca excretion, Ca retention and apparent absorption in postmenopausal os-

teoporosis model rats fed experimental diets

Ca Fecal Ca Urinary Ca Ca Apparent
Intake Excretion Excretion Retention” Absorp. Ca®
(mg/d) (mg/d) (mg/d) (mg/d) (mg/d)
Basal 495 + 0.91°" 5.80 = 0.49° 0.05 =+ 0.02¢ -0.90 =+ 091° 437 + 091°
Casein
Cay(PO,), 115.51 + 29.43*»  58.50 + 28.57° 0.48 + 0.35° 56.53 + 29.43°  57.01 &+ 29.43°
BBA 105.24 + 12,60° 3511 + 17.32% 0.48 + 0.34° 69.65 £ 12.60° 7013 & 12.60™
ISP
Cas(POL), 141.94 + 6.49° 63.68 + 44.31° 039 + 0.29° 77.87 + 6.40° 78.26 + 6.40™
BBA - 134.67 + 17.40° 37.64 + 18.18™ 0.17 £+ 0.07* 96.94 + 17.40° 97.03 + 17.40°

Mean £ SD of 6 rats per group

Values with different superscript within the column are significantly different at p < 0.05

1
2)
3) Ca intake-{fecal and urinary Ca excretion)
4) Ca intake-fecal Ca excretion

- 439 -



s 449 B e

o 27 Aol & Foddezs A IueT 49
nd A5z dAsiglen, g3 IS 2% 24
ZFEFY FogEdA Zaady 28 HEE At
Ack. &, HE dadA F A dado|(ZETF 0
06%)2 3577 o} Holge W, &4 2+ s ¥ of
et 27 Zg T Aes AT olstz st
AcHTable 3. 5). ol23 Srtes Zd AF A 35
7 EA AES FEF AR W, e w2 R
ohuzt 244 divie 24 2w

=
>
>
£
p
Lo
by
=
o

pul
rie
lo,
o
=i
2,

ZAYUAHTable 3, 5). o] W Z+ w
AR @ Tl mel ta v 37t
A}, g Felo] FAole) A AW} Ak
w2 A e A Sdshl et o, biFaaa
A Ag, M Ee) 547} L’&%}Hoﬂ H|3] e} 75,
Sli-a ZAudEel gloiM Bt = & YehdiT
(Table 4, 5). o|5¥ A= el e‘ﬁ FHv o
2 ZFo] WE A AgoliAY 7<}°]°ﬂ 7]1%7
Hrhe AogA ) 4w 3 E 2] 4 i}
Qe AL Z|dE Aow AFE, B AY A
(Table 8)ollA A= Aahl Z& F5F<] 2o|7) 3}
o] 9 291 EEgltka 2o

Gregers&” €x49t A E79 Alg ZERSA
of Aol 845 AFAL 3747 A E ol &3t HlaL
& A3}, A9 Aol7t ¢1eS 1§, Kobayashis”
””7] A olA 352 Zwd AvejsAde vl

mj, 2ol 7} gltkar Hudth, < ole e 3F

o
9l 7& 9 AFe] Aol &S Hlugds o, 2 2

ok

Vit. D 2984 l/‘i *“WH“‘ ] JJ%%%W ) aj |
Ul Zgol 8ol $daitta Hugrh #215¥e] 4
AN E AL ?HOHHE Size, Qakds, o
22, 4M3E T Zeadd ue X%]LH ol gAdl
Sk M }‘%E}LW gtout, Zady A
T AMSE Ago] bl Hldl EA A7t
T AT Aol 2ohEF IR MR 2mEE 2

a3 pel 44 E%

#9) Aol g4o] 71 BrhHL,

olae) 49 ATANE FPaA ¥
dolgae A4 BEERAAE BHTY
2 Ao} glont, 2443, Vit D 2% Ex 20
F3} o] A waThe] Edoly ATEA 2§
29 A4S0l Aol 2ol YAl F71BEY ke

AEAAE SRS WA B9 EAE A
ool Brlalel B AFATIAE 20 8% B4 ¥

& B ERTEE ANHA,

g &9 l °‘°W Zﬂlﬁ o] 8430l of

3 Qlabrg st A 3] R-o] dF gl A xko)7t A4 ¢l

Aok ey gFauas 4HF SE glolMe W

= % 2 Ca:PH|7} 235

< &l AFHE FE FoHoen

s A AR D YR MRS 43
gk ol A =gkt

(AEe2 §HIF ALY A0 A L

& agafons 1 4u4el 94, e

A AF Aol g R OE o 3 A Lol
2498 veRdTh

weh dud FUe FE ABA A% oEat

ot
P

o
m\,‘i u
-
usL‘ m

F

Ji

- 440 -



o] AletHr},

Literature cited

1) Allen LH, Wood R]J. Calcium and phosphorus. In
: Shils ME, Olson JA, Shike M. eds. : Modern
Nutrition in Health and Disease, 8th ed, ppl44-
163, Lea & Febiger, 1994

2) Scalmati A, Lipkin M, Newmark H. Calcium, Vi-
tamin D and Colon cancer. In : Chernoff R, Hea-
ney RP ed. : Clinics in Applied Nutrition, pp67-
74, Andover Med, 1992

3) Heaney RP. Nutritional factors in osteoporosis.
Ann Rev Nutr 13 : 287-316, 1993

4) Recker RR, Bammi A, Barger-Lux ], Heaney RP.

Calcium absorbability from milk products, and

imitation milk and calcium carbonate. Am J Clin

Nutr 47-95, 1988

Kobayashi T, Okano T, Masuda S. Comparison

of three kinds of Ca compouds with regard to

5

Nl

their bioavailability as Ca source. J Jpn Soc Nutr
Food Sci 40 : 293-298, 1987
6) Okano T, Tsugawa N, Higashino R, et al. Effects
of bovine bone powder and calcium carbonate as
a dietary calcium source on plasma and bone cal-
cium metabolism in rats. J Jpn Soc Nutr Food Sci
44 : 479-485, 1991
Greger JL, Krzykowski CE, Khazen RR, Krashoc
CL. Mineral utilization by rats fed various com-

7

~

mericially available calcium supplements or milk.
J Nutr 117 : 717-724, 1987
8) Ezawa I Studies on calcium metabolism. Jap J

- 25%

g
Home Econo 38 : 695-703, 1987
9) Heaney RP, Saito Y, Orimo H. Effects of casein
phosphopeptide on absorbability of co-ingested
calcium in normal postmenopausal women. J
Bone Miner Met 12 : 77-81, 1994
Lee YS, Park JA, Naito H. Supplemental effect of
casein phosphopeptide(CPP) on the calcium bal-
ance of growing rats. J Jpn Soc Nutr Food Sci 45 :
333-338, 1992
ol dH - AES AFTIFVLEA AdH, T,
AR Aol &4 At T ostsn)
27  473-482, 1994
258 - ol FadA IS m
Al g o] 84 Astel i g4l
B3}, gh=hof of8h3] %] 26 : 277-285, 1993
ol - b3 - o AR Aggdes
A 3 % o] Auo) 44 o G
EZ &3] 7] 3 : 27-36, 1992
14) Lee YS, Noguchi T, Naito H. Phosphopeptides
and soluble calcium in the small intestine of rats
given a casein diet. Br J Nutr 43 : 457-467, 1980
Fisk CH, Subbarow Y. The colorimetric de-
termination of phosphorus. J Biol Chem 66 : 375-
400, 1925
Mitruka BM, Rawnsley HM. Clinical biochemical
reference value, In: Clinical biochemical and

10

=

11)

12)

ETiEY

13

=

15

=

16

=

hematological reference values in normal ex-
perimental animals and normal humans, 2nd Ed.
p153 Masson, 1981

Omi N, Morikwa N, Hoshina A, Ezawa 1. The ef-
fect of globin powder on bone mineral density in

17)

model rats with postmenopausal osteoporosis. .J
Jpn Soc Nutr Food Sci 45 : 271-276, 1992

18) Ezawa 1, Arai F. The effect of cow bone powder

g

on osteopenia of rat model of postmenopausal os-
teoporosis. Jap J Home Econo 34 : 555-559, 1983



