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Abstract

We evaluated the effects of organic Ca supplements chelated with milk protein (CaMP) in ovariectomized
osteoporotic rats. Eight week-old Sprague-Dawley female rats were ovariectomized and fed a low CaCOQOs3 diet
(0.1%) for 4 weeks to create an osteoporotic model. At that point, L4-CaCQs3 rats were sacrificed and the rest
of the rats were divided into 4 groups, each of which was fed an experimental diet for 4 weeks: low-CaCOs3
(0.1%; L8-CaCQOs3) and CaMP at 3 Ca levels: low (0.1%; L8-CaMP), normal (0.5%; N8-CaMP), and high (1.5%:;
H8-CaMP). Daily weight gain, serum ALP, weight and breaking force of femurs, Ca content of the lumbar,
and Ca absorption were measured. Daily weight gain increased in the N8-CaMP and H8-CaMP groups compared
to the low Ca groups. The ALP activity in the CaMP-fed rats was significantly lower than in the CaCOs-fed
rats. Both breaking force and femur weight were higher in the N8-CaMP and H8-CaMP groups compared to
the L8-CaCO3 group. Ca content of the lumbar increased dose-dependently with Ca intake levels of CaMP.
Ca absorption rates of the CaMP-fed rats increased more than that of the rats fed low Ca levels of CaCOQOs.
These results demonstrate that the CaMP supplement had positive effects on bone metabolism and Ca bioavail-
ability in ovariectomized osteoporotic rats. Therefore, CaMP may be recommended as a useful Ca supplement

to prevent bone loss in osteoporosis.

Key words: organic Ca supplement, milk protein, bioavailability, physiological function, osteoporosis

Einis %"Jﬂlﬁfﬂw 7V % o

Fa B AAZ vl
F9| shtoln], B4 44

9 Ydebda ek 2008 =
A A9, B A 2 BATe 2

*Corresponding author. E-mail: lysook@snu.ac.kr
Phone: 82-2-880-6832, Fax: 82-2-834-0305

oAde Be A Asts AR A o 2E
2 Q18] B £40) F7hgol whe} BrhEE
o 7 Uehdth, Bt3Ee 2 Ay Aow

o
U7} BAEIL 8] o] S

a
thyroid hormone(PTH)9] EH]7} A3l me] §ZFo] &
ZtE 3 =4, H7 F ol 9

Frao ME W] & FUHE & F
7kl WE @5 HIER D z
& TVHATIE Ao g Bet
ZAL AT A 504 o] FTHEE
] FA(5%) vl o4 (33%)e] 68l 3

2 19%E AHAI8t
Al e (2) #7

HH oE,



F BoEEe 449 o4e JYRAYel =e
dgs) s E 4716 2ese A
#70% D27} Slos, 1@ ol Aol

% A7 Fasith 2o Seldee A%

o g év«l ZﬂLH 014‘1“0] =7 Jﬂ7}51% i R AAE

J—%
2o P Ao zi]?_PE]_T’_ Atk ?‘e‘ixﬁ *1%51

o
oo
ofy
2L
i
rr
s
[
%
il
(@)
Qo
Q
&
—U
re
>,
ma
—Ll
rO
>,
|

I

A

¢

A rr ot N Lo

i
L offt

o2 g, 24de) TRl me) 24§
7 galws) geba 43 Al A o840 NE Aols
Bel,

e

=

Zg BEAVL VIS AAFLEAN AFEHY] e &
Az A FFEo] Folok gty 2y AES FTE
o] A ¥ FUAE Zwo FH B A FER ok}

AR A A 200 wet | ¢ Qo durdoz A

o AF F4E82 25-30% FToE dHA JdvU). 4

Ao Zhge &St UloA Q14 'L S 7Y

W EH EEAS FATEN o]& o] AstEE A

2 grieo] gtom diAe] 714132 oligopeptide

CPP(casein phosphopeptide) &} o] A% | A2 7}

32 FNZE T e E-o] ZE9 *E"—}F% SANT=

AZ gHA $H56). Ashmead(7)= ZE GG ofv =it
Ay o|Ed Zgo] &% HolA F84 AEi7t Hof 7]
Rt S F8ttal Bt o8 yeS

g o2 §Ue Zgo] AAld gk A7) FdE o] $ho
, A3y Ao A Choi(8)E 5 "\JE}O]ES’} ol Aol
H f71H Zgol AFAZNRE ZEe F57 SUHEE
S g98tAaL, Ken 5092 #3 d¥do] gzAx
(osteoclast) 9] AT W] AFFE JAsta, T4 AR
HolA W] ZEE S7HA S4HAM F3E Fohar 3t
At B ATFdAE e 2 ALY AAEA o]y
AzE 73 dNdz 2 olEH Z5(Maeil Dairies Co.
Ltd., Phyungtaek, Korea)o] Z2:=3}# WolA 7+&3517F %31
Ho] &AM EReF F8H02 FFEo] AU o] 8430l
5 3O F FHY, 20TF o ‘%l ARE 93 o]
2 A5 A o] 847 Z A FH A AT
2 odEt g 2 AFoxe ‘ﬂr/\x,-:lxﬂﬂ- Xﬂ%}"f‘r 2o]
2 f=E 2t3F 29 IFHE ol &3 fUle AFES 77
B2 Foste {1 25 A o84 H AgH 7l
2= &#E HrkstaAl st

>-E1m£_,~££m-lnob_ﬁ,[oﬁ,r§;rgqo

e

il
it

S= A=
8% H 43 3AF(Sprague-Dawley) 35rtE] S 224

E o] @ AH(Seongnam, Korea) 25 B T3t Z
o] ¢ 240 g HUE Wl dAAAEES HAEIL, A
(0.1%, CaCO9)E 453t F93td av35 2
o 73 ey 5o s Jouxd & s
THIL4-CaCOs). Y™ A 472 27 eilds e
A-Z4 LY olE A+ (CaMP)S 2+ 92
T o gostdth S AP re gk EE-A
Z#(L8-CaC0s), 718 Z5-AZ 5 (L8-CaMP), 71
Za-3325(N8-CaMP), 718 Z< -7+ (H8-CaMP)
o 2 AAsPT) AH 2 o)e} AFe A-FFAH (ad Lbitum)
o2 FH393, AATE AMSA 3L 25 2+2°C, A
YEE 656+5%2 AR, W2 1241 7] (light;
06:00~1800)2 =H34th AFTEY THH AL =
= 342 Agugn T2 9 Y3 (Institutional
Animal Care and Use Committee; IACUC)9] %918 1wty
TR wel A3
={A10]
o] ALEE 2]o]l= AIN-93G HES uE HA| 2oz
ZAFE A (Table 1). P20 T ZHFFHLEZ = CaCOs
(Samchun Chemical Co. Ltd., Phyungtaek, Korea)¥} 7]
B} Zr<45(Maeil Dairies Co. Ltd., Phyungtaek, Korea)< ©]-&
Sk vlERY E3HE(AIN-93-VX; G-bio Co. Ltd.,, Gwa~
cheon, Korea)& 793l A1-8319 1, ZF 1S A<
714 EFE(AIN-93G-MX- Ca, P free)e ZA|3}a] AL&
stk dE f71E ZEe T8 H1 A 43%, A
W 22% 2 A 8% AT BE AF ol
= f71d9 2y 9w d dHS 19
5:}‘1*01 200/7} HEE sYstA 24stdh A
718 AT A F71H s FgE
Aot F4 ‘ﬂ‘ﬂ (Maeil Dairies Co. Ltd.)Z
o] ol %7t HEE o, 72t A@ Aol A &
A &3 AN A A2 2}017} NEF AT

o,
el
B

m\U
o F

1

mlo mlo
:‘O o
b ol o oX

sl

o pf > o >
o IZ R 3R O ofy

..\_,

= g
2G40l g 4 A

i U
ﬂ no

e

)
[
0 n_?{_,{
of
rlo

7

S

Ol

o

£

of

¢

=
off |o M

N,
N
- O+
9‘15
2
tlo of o Hu 1o N

iiiﬂrl
oy

NEESS

AATI7] A sER "] F, 0.1% Zoletil(Virbac,
Carros, France) 2 &= W FAH0.04 mL/100 g BW.)ZE =}
Hsted A5 & AHASIAT BEH oA SHE A 4
°Coll A B33t TH7L, 3,000 rpmol A 2083+ LA &2 (In-
verter union 5KR, Hanil Co., Anyang, Korea) 3l @3 <
EEstd e, 24 A7tA -70°Col A BASFATE Y& o
HEd 2 5% [2-145 HET § FFEH e 25, A
Al 5 BERES BT AAS v FAE ARAE e
vernier carliper® =343}, W5 H A 3FA T
g FAg A7t FRFPeH, FHE B
Ag & -70°Coll A B#AsATh

l

of

o5

o
r o[

, Aol
e 4
TE

o Mz |
rlo
we

_11}1' ()
e,

tlo

NEEW

g AM o] Z+4r 5 alkaline phosphatase(ALP) 428 &



dadA sues FARDAN f71H ZEEEA} 2 ol

A3 A7l vAs 9F 667

Table 1. Composition of experimental diets” (g/kg diet)
Ineredient Low Ca (0.1%) Normal Ca (0.5%) High Ca (1.5%)
g L4-CaCO3” L8-CaCOs L8-CaMP? N8-CaMP H8-CaMP

Cornstarch 520.0 520.0 515.21 486.05 434.61
Casein 200 200 194.6 173.1 1194

Sucrose 100 100 100 100 100
Soybean oil 28.7 28.7 315 42.5 28.7
Unsalted butter 413 413 385 275 =7
Fiber 50.0 50.0 50.0 50.0 50.0
Min. mix.” (Ca, P free) 35.0 35.0 35.0 35.0 35.0
Vit. mix.” 10.0 10.0 10.0 10.0 10.0
Calcium source” 2.5 25 12.5 62.5 1875
KH2PO4 6.98 6.98 7.15 7.81 29.25
L-cysteine 3.0 3.0 3.0 3.0 3.0
Choline bitartrate 2.5 2.5 2.5 25 25
TBHQ 0.008 0.008 0.008 0.008 0.008

”Experlmental diets were prepared according to AIN-93G composition.

“Mineral mix (Ca, P free): AIN-93G-MX.
YVitamin mix: AIN-93-VX.
YCalcium source: CaCOs and CaMP.

YL4-CaCOs: low Ca diet for 4 weeks, CaCOs (0.1%); L8-CaCO: low Ca diet for 8 weeks, CaCOs (0.1%); L8-CaMP: low Ca diet
for 4 weeks, CaCOs3 (0.1%) +1low CaMP (0.1%) for 4 weeks; N8-CaMP: low Ca diet for 4 weeks, CaCOs (0.1%)+normal CaMP
(0.5%) for 4 weeks; H8-CaMP: low Ca diet for 4 weeks, CaCOs (0.1%)+high CaMP (1.5%) for 4 weeks.

9CaMP: calcium chelated with milk protein. It contains protein 43%, fat 22%, calcium 8% and etc.

"It meets the 7% of fat in AIN-93G diet without unsalted butter by adding to threefold of CaMP than Normal to meet high Ca

contents.
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Table 2. Body weight, food intake and weight gain of osteoporotic rats fed experimental diet for 4 weeks

Groups” Initial weight (g)? Final weight (g) Food intake (g/day) Weight gain (g/day)
L4-CaCOs 2427+4.8” 317.1+4.1° 16.8+0.4 27+0.2"
L8-CaCOs 2432457 362.4+8.4 16.4+0.3"" 2.1+0.1°
L8-CaMP 2431458 368.1+4.9 17.840.3 26+0.2°
N8-CaMP 2431456 371.5+10.3 18.0-0.4° 3.1+0.1°
H8-CaMP 243.4+7.1 3725+12.1 18.3+0.3" 3.1+0.2°

USee Table 1. ?Measured at 8 weeks. *'Values are mean+SE of 7 rats per group.
YValues within the same column with different letters are significantly different at p<0.05 by Duncan’s multiple range test.

"p<0.05 between L4-CaCO; and L8-CaCOs by rtest.

Table 3. The concentration of Ca, P and the activity of alka-
line phosphatase (ALP) in serum of the osteoporotic rats fed
experimental diets for 4 weeks

Grouns” Ca P ALP

b (mg/dL) (mg/dL) (TU/L)
L4-CaCOs 12.3+0.1% 75+0.2 189.3+13.2
L8-CaCOs 12.4+0.2% 75+0.3" 198.8+8.1°
L8-CaMP 122+0.1% 79+0.3° 141.3+44°
N8-CaMP 12.0£0.2" 83+04™  126.7+15.0°
H8-CaMP 11.7+0.2° 9.0+0.3" 147.8+£12.9

YSee Table 1.

Values are mean+SE of 7 rats per group.
9Values within the same column with different letters are sig—
nificantly different at p<0.05 by Duncan’s multiple range test.
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Table 4. The effect of organic Ca on parameters of liver and kidney function in serum of osteoporotic rats fed experimental

diets for 4 weeks

Groups” GOT? (IU/L) GPT (IU/L) BUN (mg/dL) Creatinine (mg/dL) Uric acid (mg/dL)
L4-CaCOs 1085+7.1° 27.8+2.6" 14.0+04" 0.80+0.00" 2.2+0.0"
L8-CaCOs 1425+5.0 31.0+2.0 15.7+05% 1.0840.03" 2.4+0.1%
L8-CaMP 138.2+7.1 35.3+8.2 123405 1.01+0.05" 2.1+0.1°
N8-CaMP 136.3+1.7 27.0+26 12.340.6" 0.87+0.04° 21+0.1°
H8-CaMP 140.5+4.6 40.4+6.1 12.4+0.2° 0.90+0.03> 1.8+0.1°

1)

See Table 1.

YGOT: glutamic oxaloacetic transaminase, GPT: glutamic pyruvic transaminase.

YValues are mean+SE of 7 rats per group.

YValues within the same column with different letters are significantly different at p<0.05 by Duncan’s multiple range test.
"p<0.05 significant difference between L4-CaCOs; and L8-CaCOs; by #test.

Table 5. Weight and length of femur and lumbar (L2-14) and breaking force in femur of osteoporotic rats fed of experimental

diet for 4 weeks

Groups” . Femur Lumbar

Wet weight” (mg) Length (mm) Breaking force (kg) Wet weight (mg) Length (mm)
L4-CaCOs 808.0+22.37 35.6+0.3" 11.3+03 10780+115 241+0.1°
L8-CaCOs 839.1+195 372403 11.1+0.3" 959.3+26.6" 22.6+05
L8-CaMP 839.6+24.7 36.9+0.4 11.7+0.3° 1061.3+37.1%" 23.2+0.3
N8-CaMP 856.9+18.2 37.1+0.3 125+0.2° 1088.8+44.7% 237404
H8-CaMP 907.0+25.3 37.3+0.2 12.7+0.2° 1093.3+38.8° 236+05

USee Table 1.
?)Average values of both femurs.
YValues are mean=SE of 7 rats per group.

YValues within the same column with different letters are significantly different at p<0.05 by Duncan’s multiple range test.

"p<0.05 between L4-CaCO; and L8-CaCOs by ttest.
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Table 6. Ash, Ca and P contents in femur and lumbar (L.2-1.4) of osteoporotic rats fed experimental diet for 4 weeks

(mg/g wet wt)
Gr D Femur Lumbar
oups Ash? Ca P Ash Ca P
L4-CaCOs 395.0+5.3Y 119.3+1.8 54.4+2.1 262.4+3.4 69.8+1.5 32.1+0.8
L8-CaCOs 4109+6.1" 122.2+16 58.4+1.6 265.8+5.1 717454 321+1.7
L8-CaMP 4185+85% 1275+3.3 53.8+1.6® 272.34+6.8 75.4+2.7" 33.1+0.6
N8-CaMP 437.1+7.2° 126.8+26 515+1.6" 2834479 81.9+21" 34.6+09
H8-CaMP 4929 +5.4" 131.3+54 528+1.7 273.0+5.4 83.6+1.2° 353+1.0
YSee Table 1.

?)Average values of both femurs.
PValues are mean=+SE of 7 rats per group.

YValues within the same column with different letters are significantly different at p<0.05 by Duncan’s multiple range test.

"p<0.05 between L4-CaCOs; and L8-CaCOs by #test.
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Table 7. Daily Ca intake, fecal Ca excretion, daily and apparent Ca absorption of osteoporotic rats fed experimental diet for

4 weeks

Grouns Ca intake Fecal Ca excretion Apparent absorption Apparent absorption
P (mg/day) (mg/day) (mg/day) rate (%)

L4-CaCOs3 164+05" 43+06 127404 749+34
L8-CaCO; 164+0.3% 9.6+0.6° 6.7+0.4° 427+26°
L8-CaMP 18.3+0.6° 8.4+0.5° 10.7+0.8° 58.1+£2.7°
N8-CaMP 88.4+2.4° 424+14° 51.0+2.0° 545+1.4°
H8-CaMP 2755+10.0° 173.0+13.3 102.4+2.6" 37.7+£09°

D N

See Table 1.

YValues are mean+SE of 7 rats per group.

YValues within the same column with different letters are significantly different at p<0.05 by Duncan’s multiple range test.

"p<0.05 between L4-CaCOs; and L8-CaCOs by #test.
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