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Development of food additive using tuna bone powder and

oriental herb extract for improvement of bone metabolism
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Effects of mixture of tuna bone powder and oriental herb
extract on metabolic bone disease
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SUMMARY

This study investigated the bicavailability of tuna bone powder as a
alternative to calf bone, which has been commomly used for Ca source. The
study was composed three parts: the determination for processsing condition of
tuna bone powder; the bioavailability of tuna bone powder for bone metabolism
in rats compared to various sources and types of Ca, and the effect of oriental
herb extract supplement to tuna bone powder on the bone metabolism in
ovariectomized rats; pathogenic pattern of metabolic bone disease, especially
osteoporosis, and the action of mixture of tuna bone powder and oriental herb
extract on bone health of menopausal women(SG) and senile men(GN).

The tuna bone powder was processed by washing, shaking, drying,
calcinating, grinding, sieving, and then treated with various organic acid to
enhance its absorption. The highest absorption presented in form of tune bone
powder calcinated at 900C for 30 min and then compounded with citric acid,
which was 120 mesh in particle size.

In the group of rat fed tuna bone powder compared to other Ca source,
urtnary Ca excretion was significantly low. The ash content per dry femur
weight was high, and the highest value of bone mineral density was in tune
bone fed group. Supplementation of oriental herb extract to tuna bone powder
made a tendency to decrease the fecal and urinary Ca excretion. Calcium and
ash contents of rat femur did not changed by supplementing herb extract.
However, bone mineral density was increased by supplementing herb extract
when that value was low in tuna bone powder. These findings suggest that
tuna bone powder is at least as available Ca source as calf bone powder, and
supplementing herb extract would be effective for bone health.

SG manifested significant effects on the T4 and Osteocalcin level, and relieved

the osteoporotic symptoms like arthralgia, bony pain, blushing, effectively. On
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the other hand GN showed significant increase on the biochemical markers of
osteocalcin, TALP, cytokines like IL1 and 1L6 level as well as bone mineral
density and intensity of femur. But there weren’t any side effects relevant with
these sample compounds in the middle of participants of the pilot test. From
these facts, the mixture is expected to have pharmacological actions improving
the sex-hormonal reduction of menopausal women and osteoporosis initiated
from the disorders of Ca absorption. It seems that the improving action is
through Ca supplement and the added estrogen-mimetic anti-osteoclastic
activity. Mixture of 450mg Ca and 150cc of herb extract was appropriate for
amount per 1 day to help bone health.

The results lead to conclusion that tuna bone is available Ca source which
could be the alternative to calf bone, and the application of oriental herb as a
functional material supporting bone health is deserved to take into consideration.
The mixture is recommended to contain 450 mg of Ca and 150cc of oriental

herb extract.
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energy x-ray absorptiometry, DEXA) Al-&3led =343}

HE S 106E5CAA Axstd dxFAE 34 & §F 550-600T2] 33}
6-8A12t 3 3lste] F IES Itk HztE LS IN HCl &ald F 1%
La;035 31438l Q2833 =7 (Atomic absorption spectrometer, Perkin Elmer

Co)Z ZHEEFS FAAGT ¥E WH 29 2e Yoz Astd] 2L Azy

6. o 2 99 Y33t F-A4

gl a9 BEFFL AFEAIE olgste] BAGATE B F9 alkaline
phosphatase®] &4< Kang(2001)¢] Bl AWM e g2 3 kitS AlL3ted =459
th. Osteocalcin® kit(Osteocalcin-IRMA, Biosource)E AM&3t9 1, PTHE 1'%
°] &3 RIA kit® =435

ofr

Calcitonin® IRMA(Immunoradiometric assay)®oll Azt ®[-Calcitonin
kit(CT-U.S.-IRMA)& #4159t} Deoxypyridinoline(DPD)¢] 3Feke 3} stulsgwl o

Ao o3 competitive binding asay S ©]&3le] &A%t
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testell o3 2+ AT o] FYHE FFsA



1 week 2 weeks 4 weeks
I I | |
Adaptation I Ca deficient diet ' Ca deficient (0.15%) or ]
(0.15% Ca) Ca adequate diet (0.5% Ca)
T
Sacrificed
Fig. 1. Experimental design
Table 1. Composition of experimental diet (g)
CC TB CT CB CL LC
Calcium carbonate 12,6 - - - - 3.7
Tuna bone powder - 13.3 - - - -
Citrated tuna bone powder - - 37.1 - - -
Bovine bone powder - - - 13.1 - -
Calcium lactate - - - - 37.0 -
Cornstarch 3974 3974 3974 3974 3974 3974
Casein 200.0 200.0 200.0 200.0 200.0 200.0
Dextrinized cornstarch 132.0 132.0 132.0 132.0 132.0 132.0
Soybean oil 70.0 70.0 70.0 70.0 70.0 70.0
Fiber 50.0 50.0 50.0 50.0 50.0 50.0
Mineral mix 35.0 35.0 35.0 35.0 35.0 35.0
Vitamin mix 10.0 10.0 10.0 10.0 10.0 10.0
L-Cystine 3.0 30 3.0 3.0 30 3.0
Choline bitartrate 25 25 25 2.5 25 25
Tert—butylhydroquinone 0.014 0.014 0.014 0.014 0.014 O.'Ol4
Sucrose to 1000 1000 1000 1000 1000 1000
CC : CaC0s

CL : Calcium lactate LC : 0.15% CaCOs

_10_
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1 week 2 weeks 5 weeks
[ I | i
Adaptation Ca deficient diet l Ca adequate diet With/witl\out
Oriental herbs extract supplemented
1
Ovariectomized Sacrificed
Fig. 2. Experimental design
Tabble 2. Composition of experimental diet (g)
Sham-  OVX- OVX- OVX- OVX- OVX- OVX-
L CON(SCC) ~ CC CCH TB TBH CcT CTH
Calcium carbonate 38 126 126 126 - — - -
Tuna bone powder — — — — 134 134 — -—
Citrated tuna bone powder — — — — — — 332 33.2
Cornstarch 3975 3975 3975 3975 9375 9375 9375 9375
Casein 200.0 200.0 2000 2000 2000 2000 2000 2000
Dextrinized cornstarch 132.0 1320 1320 1320 1320 1320 132.0 1320
Sucrose 100.0 100.0 100.0 100.0 100.0 100.0 100.0 1000
Soybean oil 700 70.0 700 700 700 700 700 70.0
Fiber 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0
Mineral mix 35.0 35.0 35.0 35.0 350 35.0 350 350
Vitamin mix 100 10.0 100 100 100 100 10.0 10.0
L-Cystine 30 30 30 30 30 3.0 30 3.0
Choline bitartrate 25 25 25 2.5 2.5 25 2.5 25
“Tert-butylhydroquinone 0.014 0.014 0014 0014 0014 0014 0014 0014
Oriental herbs extractx - — - * — * - *
Sucrose to 10000 10000 10000  1000.0 10000 10000  1000.0 10000

Sham-Con(CaCQ3) OVX-CC(CaCQs; OVX-Control) OVX-CCH(CaCQs; + herb extract) OVX-TB(tuna bone
powder) OVX-TBH(tuna bone powder + herb extract) OVX-CT(citrated tuna bone powder) OVX-CTH(citrated

tuna bone powder + herb extract)

* QOriental herbs extract dissolved in H.O was supplemented by tube feeding (0.05¢/100g BW).
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A28 A3 2 uF
1. b}o] FH9 543 ¢tAA
dE gFojme] IntgE e S8 34%, 2o A 192%, =AW 75% L 23R
39.3% % tH(Table 3). 221 W &2 583% AT
Ggolm & gt e s Frde e B AdE Table 43 2o ZF 36.
5g/100g ash, ¢! 17.2g/100g ash &2 FAo] U1, YEF, Z
0.1~12g/100g ash, &2 mlF F-H5 0o 7
¢} 52(0.1mg/100g ash)& Y& Ao Add FAF =HA F& Aoz A
o ol tdFol{ A 29doel uF EAste ATsUt obhd el MAste
o}Fol7] wWEeolet BT o] Fr1A TS IE 100g T2 s
thErolm = Zgo] 0918, o] 05622 FAH AUz, oY diFAd v 1
0:62~63% Aoz njFo] B u v}t
hydroxyapatite [Caip(POs)s(OH)2] & TAH &= AR Il
< 4 Fe 2% A0S F AR (Fig 3). oldF AAz B o Zgd

o w7} Abgst Hlsd FEYS 4 F AU

P

Table 3. Proximate composition of tuna (%)
Proximate composition tuna bones
Moisture 34
Crude protein 19.2
Crude lipid 75
Cruede ash 39.3




Table 4. Elements of tuna bone (g/100g ash)

Mineral tuna bone
Crude ash 39.3
Calcium 36.5
Phosphorus 17.2
Sodium 1.2
Magnesium 0.6
Potasium 0.7
Manganese 2.1
Lead 0.1
Mercury 0.1

Grapt apayiag i B
1o iéj

Dty pemvge by BTN 1

7E-D26S HyTroxyapssde, S5
£3-255% Fhecracatile

Prilize Analytical

Fig. 3. X-ray diffraction patterns of calcined tuna bone.
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2. 235 Be BaA) 54
2-1 A urgel uhe 54

gAY, 3127FkA 2 (autoclaving) 2 3lstx e S Zg Fo W we
tgolz e Zawa =3F, 22X g% 2 Bed oHLE table 5% 2o ok
ol ZEAe oA JeExge) B9 2aWd FdHFL 65%, 2ALH HEY

Sshe sl 90T A5 HBAZEe] RAAE BRI Fohsted 92,
1080 ws) FRE 9 RRgUS ngovt s|sAz 0% ol
= =

2ol AasteE o oo WAE Frh=

et ggojmo] gof Qe foju Az % olEd 58 wddty] St %
AYAAE ARXE Aol vtFATF Aoz AAHY ZgA AxTHL Fig 434 2
o A 37HA Az wE HesdEs JIFA 60T, 621D A T

+ 10.6mg/100ml, -7t (121°C, 608)Y 4% 155mg/100ml olNem, 3
34 21(900C 30min)® thgo] FE 9 714-3lE 585mg/100mle 2 FAHH ) 33}
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el el gAY n2rkkA gl v g3 He A=TE o 6] Aol E

2

sstAgd dgolEEE AE ol&std YA A7IE 120, 100, 80meshE &34

MA TE BFoSEY 7HeEe Fee dFE AT (Table 7).
saxgdd dFoiFEe UAF 7= 80meshF =2 7HE-3HE 58.5mg/100ml &

&2 122%% 2™, 100meshE T A2 AL 63.2mg/100ml%}t 12.8% % 1L, 120mesh

o] A%E 708mg/100mlst 152%= yeEbgtch. 4zt =717t A2 F S 7h8- 5ot

T T8t o™ 80meshet 100meshd] & &FF&0] ¥ Aol7l iAo,

120meshe] 7Sl XE 7h8ssh g5go thael Aol2 2 % 9o 4x 27|

AR 7+ 43 F&

Z Aoy BolA ¢gston dygoF iy dardagic /M A4 dEuEd. e

o]  gojHE IRl 32.1mg/100ml, HFAHZEECl 50.6mg/100ml, &

65.2mg/100m], thero]l Z2 70.8mg/100ml 2 &= Z % o] 71.5me/100ml ¢22 Y

gyon 489 gojME dFojzEy dzzgiol 152%, 15.7%2 7 =
| ZAFE AT v)=3 E4ES Byt dAEe e ZEIFdd vl Fr&el

39%2 7 we Aog ZAHYD I $TEN F3LEELS 47 138%,

105% 2 YEsto

jg
miO%'
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Raw tuna bone
l
Washing
l
Shaked(80C, 1hr)
l
Drying
l
Calcination(900C, 30min)

J
Sieving (120mesh)

Fig. 4. Flow chart for processing calcium-based powder from tuna bone.

Table 5. Influence of treatment methods on the proximate composition, sensual

odor and yields of calcium-based powders from tuna (g/100g)
Proximate Treatment method
Fish bones .
composition Shaked Autoclaved Ashed
Crude protein 6.5 5.1 ND
Crude lipid 3.2 2.7 ND
blue fin tuna
Crude ash 90.3 92.2 100
Sensual odor" 2 2 5

by very strong odor, 2 ; strong odor, 3; moderate strong odor,
3, weak odor, b; odorless
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Table 6. Effect of ashing tempertures on the whiteness of tuna powder

T(C) 700 800 900
L a b L a b L a b
Time(mi
n)

10 568 141 651 701 18 762 782 196 89
20 682 149 689 766 18 778 863 212 978
30 771 159 756 809 18 789 926 239 1019
60 86.1 178 801 8.7 190 828 927 239 1017
120 8.2 19 95 901 226 978 937 238 1016
180 90.1 215 991 927 229 1002 938 238 10.16

Table 7. The solubilization and absorption ratio of calcium in various particle

size from tuna bone powder

Absorption rate of

Particle size Solubilization .
(mesh) (mg/100ml) calcium
m

¢ (%)
80 585 12.2
100 63.2 128
120 70.8 15.2

- 17 -



Table 8 The solubilization and absorption ratio of calcium in various raw

materials.
. Solubilization Absorption rate of calcium
Raw materials

(mg/100m}) (%)

tuna bone 70.8 15.2
cow bone 65.2 13.8
eggshell powder 32.1 39
skim milk powder 50.6 105
seaweed powder 715 15.7

Table 9. Preparation of various concentrations citric acid, lactic acid, malic
acid and acetic acid.

Citric acid, Lactic acid Ratio(mol/mol) of Cas(PO4)30H :

Cas(PO4)sOH Malic acid, Acetic acid Citric acid, Lactic acid
(mol) Malic acid, Acetic acid
0.02 0.02 1:1
0.02 0.04 1:2
0.02 0.06 1:3
0.02 0.08 1:4
0.02 0.10 1:56

_18-.
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2 Hol gyoE§

43 YA Be BF FFE

obg7lel BAFE, HAY 4 ToEF R w9 g4 2
dee) FOEEor FAS PPN A wWE FFES UFAAH
(table 12). 3714 Hele) Bohgs Aol B F5&9 F7H: PUE 18 B

AL, ol AL @#3d] in vitro AFVNE FFEL Ady] TaetH AA A4

phosphopeptides), glucose, xylitol, vitamin-C, lysine & W3t ZE9 F4 &
UEbH 21T (Table 13). '
TN HeE FR L WAL ANEL vY A EF AkE 9T 2

3}, lysine, CPP, Vit-C7} &7l vla] 2% AE9 &F& F71E RA D glucose
%

s} xylitole] A% vlujd E48 712 ¢ & Iy EF Hty A 9d F
tETOE Ca F5E° ta S7istd ey gnsie Aojgtn & & o
Miller & CPP, Vit-C, lysine, Vit-C < 27}1X4 3714 £ A s 21 &

o H7RY TFHY aHE minslgua Rastgot in vitrodo A e A3E
7P I g3 @387 BoE inviveo A8 BHygstd 2 E He Rl wvpby
g Aoz Algdth
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Table 10. The solubilization and absorption ratio of calcium in various

concentration of organic acid

organic acid concentration solubilization absorption rate of calcium

(mol/mol) (mg/100ml) (%)

1 1 528 21.7

1 2 695 30.7

Citric acid 1 : 3 1132 426
1 4 1141 43.2

1 5 1146 438

1 1 478 14.8

1 2 501 16.7

Lactic acid 1 3 538 21.8
1 : 4 635 25.7

1 : 5 702 30.1

1 1 506 15.2

1 2 530 216

Malic acid 1 3 705 34.7
1 : 4 764 37.8

1 : 5 801 38.7

1 1 415 14.7

1 2 462 15.8

Acetic acid 1 3 512 20.2
1 : 4 535 ‘ 21.3

1 5 565 21.7

- 21 -



Table 11. The changes of absorption ratio of calcium by stirring time

Stirring time

Absorption rate of calcium

(hr) (%)
0.5 28.9
1 36.2
2 426
3 42.8
6 429
12 43.8

Table 12. The absorption ratio of calcium in the Osteoporosis types

Absorption rate of

Osteoporosis ) ]
. Oriental herb extract calcium
ypes
(%)
Gunah-—dan;
Osteoporosis Angelica gigantis Radix
. ) Cistanches Herba, Achyranthis Radix 15.2—16.3(42.2—43.7)
in childhood . ,
Cervi pantotrichum Cornu
Citriated tuna bone powder .
Postmenopausal Shinji-won;
. Reh jae Radi iae C
osteoporosis | cnmanjae Radix, Eucommiae Cortex 450,16 6(49 9543 5)
. Dipsaci Radix, Ginseng Radix
n wornem Citriated tuna bone powder
Gagno-won;
Osteoporosis Cervi Cornus Degelatinum, Lycii Fructus;

in old age men

i Testudinis Plastrum, Cuscutae Semen
| Citriated tuna bone powder

152-17.1(42.2—44.8)
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Table 13. Effect of the factors in absorption rate of calcium

Factors Absorption rate of calcium(94)
Clcitrated tuna bone) j 42.8
CP(citrated tuna bone + casein phosphopeptide) 447
CV (citrated tuna bone + Vit C) 445
CS(citrated tuna bone + lysine) 452
CG(citrated tuna bone + glucose) 43.0
CX(citrated tuna bone + xylitol) 439
CPV (citrated tuna bone + casein phosphopeptide + Vit C) 455
CPS(citrated tuna bone *+ casein phosphopeptide + lysine) 46.5
CVS(citrated tuna bone + Vit C + lysine) 45.1
CSX (citrated tuna bone + lysine + xylitol) 453

- 23 -



6. Ca 949

2124

Fujol e 2AYAS 7

A AF A ARE o AFL Aot YA tHTable 14). 438 8 Alde ¢
TES HAET CBTY AF 7 fostA 3oy, 74 Me ggolEd
4% CTS LCTolA AF F7H7F 7H @skd Ao

A ZFE CBAA 71 Etoew CT9 calcium lactateE 5 CLoA {2 31HA
w2 AARE 2g. 28y AolEgde Aot fle ALE dERH. o4
- a3l vl vuy dArd T AFFHE +2

ste W, 7 H2l" gFofFE ol calcium lactate® A3 a1 E golgt
A

Atojup Zatel o Algt o2 ArRHET

Table 14. Body weight, body weight gain and FER

Initial BW Final BW Weight gain Food intake
(g) (g) (g/week) (g/week)
CC 119.03+4.95™  34518%23.80*™  37.6913.74% 15810863 0.25+0.03"

FER

TB  12988+3554 33883+2399"  34.83+6.08 15447808  0.2310.05
CT  11748%1003  331.71%£2592°  3571+366 15064+9.99°  0.25%0.02
CB  11855+725  357.94%19.22"  39.90+329° 161.88£7.98"  0.26%0.02
CL  11861%631  33623%1450* 3627213 150.52+592°  0.26=0.01

LC 118.791=5.83 331.15+21.42° 35.39+2.66" 158.71 +9.49"" 0.23%=0.01

Values are mean®*SD. NS ! not significant.

Values within column with same superscript are not significantly different by Duncan’s multiple

range test at a = 0.05.

CC : CaCO; TB : tuna bone powder CT : citrated tuna bone powder CB : bovine bone powder
CL : Calcium lactate LC : 0.15% CaCOs
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Table 15. Liver and Kidney weight

Liver (g) Kidney (g)

Weight Weight/100g BW Weight Weight/100g BW
cC 10.26+1.22% 2.97+0.19™ 2.83%£0.33™ 0.82+0.05™
TB 10.34+1.13 3.05+£0.28 2.48%0.28 0.84+0.04
CT 10.15%:1.02 3.06+0.15 2.77%£0.30 0.83+0.04
CB 10.75+0.94 3.00+0.19 3.03%£0.18 0.85+0.06
CL 1021£1.06 3.03%0.23 2.75+0.24 0.82+0.06
LC 10.4241.27 3.15£0.29 281%0.17 0.85+0.05

Values are mean*SD. NS : not significant.

Values within column with same superscript are not significantly different by Duncan’s multiple
range test at o= 0.05.

CC : CaCO; TB : tuna bone powder CT : citrated tuna bone powder CB : bovine bone powder

CL : Calcium lactate LC : 0.15% CaCOs

Table 16. Calcium absorption and retention

. Fecal Ca Urinary Ca Ca absorption i
Ca intake . " X Ca retention
excretion excrefion rate
(mg/day) (mg/day)
reay (mg/day) (mg/day) (%)
CC 10296+11.17*  38.89+1487 17.20+8.75% 61.20+18.01° 4687x21.77°
TB  105.16*8.15° 40.64+20.77 14.55%5.00° 61.80+17.68°  49.97=*18.04°
CT 90.11+9.99° 37.43+1653° 1611 :£668* 57.86+19.70° 36.57%+21.20°
CB  9868+869% 42.88+15.04* 16.10£2.26* 56.46+14.74° 39.70+16.45°
CL  9943+995* 26.45+6.51° 2171 +2.29° 73.51+5.65" 51.26£9.67°
LC 2954+ 4.46° 1.44+0.92° 1.89+2.14° 94.67+4.43% 26.22+6.85°

Ca absorption rate(%) = (Ca intake - fecal Ca excretion)/Ca intake X100

Ca retention(mg/day) = (Ca intake - fecal Ca excretion - urinary Ca excretion)

Values are meanxSD. NS ! not significant.

Values within column with same superscript are not significantly different by Duncan’s multiple
range test at a= 0.05.

CC : CaCOs; TB ! tuna bone powder CT @ citrated tuna bone powder CB : bovine bone powder

CL : Calcium lactate LC : 0.15% CaCO;y
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sgE AL ANGoZM 2EFY 2L T4 Feo) BE TEE W AT
2248 279 A
Table 17. Calcium biochemical parameters in serum
Calcitonin PTH Osteocalcin ALP
(pg/ml) (pg/ml) (ng/ml) (Tu/L)
CC 263+0.82° 206.68+46.87™ 1.10+0.21™ 246.63+94.85°
TB 472+ 1.50° 185.87+49.75 1.01+0.01 302.75+71.58%
CT 550+0.87° 176.16+37.43 1.00*0.00 308.63%84.30™
CB 460+ 1.46° 202.28£27.97 1.00+0.00 319.75+39.25"
CL 3.37+1.29° 202.42+48.96 1.14+0.23 298.38+46.67"
LC 2.60+0.73° 1872717170 1.14F0.23 360.38 +92.00°

Values are mean®SD. NS : not significant.

Values within column with same superscript are not significantly different by Duncan’s multiple
range test at = 0.05.

CC : CaCOs; TB : tuna bone powder CT : citrated tuna bone powder CB : bovine bone powder
CL : Calcium lactate LC : 0.15% CaCOs
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6-5 8.9 SAYA B4 AR
DPD< collagen® cross-link3ste] o] EAsls EZAZ A weo] §Fo] dojd
A WoAA fFElEe] 8F T wdHEzz weo FHFAZE AEHIL U
Table 18 ¢Jstd LCwolA FolstA oy, 44T Zas HHAT &4 &
o2l Zpele zbolr} AT
Wl F4E YEUE A EY =9 DPDE AZgAoldM Fo3tA =& ZuE
B3, Zaddd O Aole deuA] gkt uE 59 el Fe TBA
M Exn C 7
dol Qi Ao HAT
AN ELE7F FYeA =
ESkth 9 CL2 = Zgujd o] vig Edou e 3 wjde a4z s

of EUEC v gl AH4HNTG

Table 18. Calcium biochemical parameters in urine

Ca Deoxypyridinoline(DPD)
{mg/dD (nM/mM creatinine)
cC 17.20+ 875" 271.80+51.20°
TR 14.55+5.00° 27355+55.24°
CT 16.11+6.68% 289.66 1 36.45°
CB 16.10+2.26% 249.43+41.21°
CL 21.71£2.29° 259.52+62.44°
LC 1.89+2.14° 376.21+145.12°

Values are mean®™SD. NS ' not significant.

Values within colurmmn with same superscript are not significantly different by Duncan’s multiple
range test at a = 0.05.

CC @ CaCOs3 TB : tuna bone powder CT : citrated tuna bone powder CB : bovine bone powder
CL : Calcium lactate LC : 0.15% CaCQ;3
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Table 19. Weight of femur

Wet weight Dry weight

g g/100g BW g g/100g BW
cC 0.8020.05%° 0.23340.01% 0.546%0.03% 0.159+0.01*
TB 0.83610.06° 0.247+0.02* 0.53210.03° 0.157%0.01*
CT 0.8630.06 0.261+0.02° 0.537+0.02° 0.163+0.01°
CB 0.804+0.05% 0.225+0.01° 0.539+0.02° 0.151£0.01°
CL 0.765+0.08° 0.227+0.02° 0.545+0.04 0.162£0.01°
LC 0.641+0.04° 0.193+0.02° 0.437+0.03* 0.131%0.01°

Values are meantSD. NS : not significant.

Values within column with same superscript are not significantly different by Duncan’s multiple
range test at a= 0.05.

CC : CaCO3 TB : tuna bone powder CT : citrated tuna bone powder CB @ bovine bone powder

CL @ Calcium lactate LC : 0.15% CaCOQOs3

Table 20. Ash content of femur

Ash(mg) Ash/dry weight(%) Ash/BW(mg/100g)
cC 330.20=21.99° 60.4+1.3° 95.76 +4.41°
TB 323.96+26.88° 60.8+3.0° 95.82+7.79%
CT 331.08+14.23° 616116 100.17+6.25°
CB 340.40%12.74° 63.1£9.1* 95.30+5.42°
CL 329.65+21.82° 605+11.2° 98.06 +5.13*

LC 240.79%£7.78° 55.1+1.9° 72.45+2.62°

Values are mean®=SD. NS : not significant.

Values within column with same superscript are not significantly different by Duncan’s multiple
range test at e = 0.05.

CC 1 CaCQO; TB : tuna bone powder CT : citrated tuna bone powder CB '@ bovine bone powder

CL : Calcium lactate LC @ 0.15% CaCO;3
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Table 21. Calcium content of femur

Ca(mg) Ca/dry weight(%)  Ca/ash(%) Ca/BW{mg/100g)
cC 128.83+9.27%° 236+1.2% 39.0+1.7% 37.38%2.28°
TB 123.85+16.97% 232+19° 38.1+26% 36.54+4.04°
CT 117.43+16.93° 21.8£3.0° 354%45° 35.58 +5.90%
CB 134.32+9.23" 249+18 39.5+3.0° 37.63+3.40°
CL 127.68+13.29% 23.4+1.9% 38.7+3.1° 37.93+3.08°
LC 95.28£4.99° 21.8+14° 28.6912.02°

395+1.8"

Values are mean®SD. NS : not significant.
Values within column with same superscript are not significantly different by Duncan’s muitiple

range test at = 0.05.
CC : CaCO3; TB : tuna bone powder CT : citrated tuna bone powder CB : bovine bone powder
CL ! Calcium lactate LC : 0.15% CaCOs;

Table 22. Bone mineral density of femur

BMD(g/cm®) BMD/100g BW(g/cm”)
cC 0.172+0.007*° 0.050 % 0.002*°
TB 0.240+0.191* 0.070+0.052°
CT 0.173£0.004* 0.052+0.005%

CB 0.175+0.005% 0.049+0.004™
CL 0.177+0.006™ 0.053=0.002°°
LC 0.1320.003° 0.040 £0.003°

Values are mean®tSD. NS ! not significant.
Values within column with same superscript are not significantly different by Duncan’s multiple
range test at = 0.05.

CC : CaCO; TB : tuna bone powder CT : citrated tuna bone powder CB : bovine bone powder
CL : Calcium lactate LC : 0.15% CaCOs3
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Table 23. Body weight, body weight gain and FER

Initial BW Final BW Weight gain Food intake FER
(g) (g) (g/week) (g/week)
Sham(SCC) 164.40+6.84™  257.84+12.52° 13.35+1.48° 117.71£869™  0.1120.01°
OVX-CC 165.24+6.29  321.30+32.78*  21.01+4.67° 123.63+7.54 0.17+0.03°
OVX-CCH  162.48+424  320.10£13.01*  2252+1.47° 126.48+9.13 0.18+0.01°
OVX-TB 164.74+7.71  322.74+16.30°  2257+1.97° 124.29+10.61 0.18+0.02%
OVX-TBH 162.79+6.34  32454:1023*  23.11+154 126.64+7.93 0.18+0.02°
OVX-CT 161.66+2.62  31391+15.03*  21.75+1.93 127.60+6.44 0.17+0.01°
OVX-CTH 166.86+4.61  310.63+14.05"  2054+1.63* 123.07+9.04 0.17+0.01°

Values are mean®*SD. NS : not significant

Values within column with same superscript are not significantly different by Duncan’s multiple range test at
a= 0.05.

Sham-Con(CaCO3) OVX-CC(CaCOs; OVX-Control) OVX-CCH(CaCO; + herb extract) OVX-TB(tuna bone
powder) OVX-TBH(tuna bone powder + herb extract) OVX-CT(citrated tuna bone powder) OVX-CTH(citrated

tuna bone powder + herb extract)

Table 24. Liver and Kidney weight

Liver(g) Kidney(g)
Weight Weight/100g BW Weight Weight/100g BW
Sham(SCC) 9.15%1.23° 355=0.46™ 1.82%0.16° 0.71%0.06"
OVX-CC 11.04£1.60* 353%0.36 2.02£0.14% 0.65+0.06
OVX-CCH 11.28+0.46% 353%0.18 2.02+0.13" 0.63£0.02°
OVX-TB 11.81+1.54° 3.6520.30 2.04+0.13° 0.63£0.04"
OVX-TBH 11.48+0.79% 354£0.15 2.05+0.12° 0.63+0.03"
OVX-CT 10.72+1.26% 3.41+£0.25 1.98+0.17 0.630.02°
OVX-CTH 1041 +1.13° 3.35+0.26 1.95+0.15%® 0.63=0.03°

Values are mean®SD. NS ' not significant

Values within column with same superscript are not significantly different by Duncan’s multiple range test at
a= 0.05.

Sham-Con(CaCQ3) OVX-CC(CaCOs; OVX-Control) OVX-CCH(CaCQO; + herb extract) OVX-TB(tuna bone
powder) OVX-TBH(tuna bone powder + herb extract) OVX-CT(citrated tuna bone powder) OVX-CTH(citrated

tuna bone powder + herb extract)
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Table 25. Calcium absorption and retention

Fecal C Uri C Ca ab ti
Ca Intake eea . 2 rnary . 2 & absorption Ca retention
(mg/day) excretion excretion rate (mg/day)
m
& (mg/day) {mg/day) (%)

Sham(SCC) 73.92+14.18™  26.60+8.22%" 2.83+1.90° 61.56+16.99™  44.49+21.09"

OVX-CC 78.24+7.35 32.42+15.66% 3.98+1.18% 58.30+20.09 41.83+17.79
OVX-CCH 81.17+6.63 29 5526.67% 3.88+1.68% 63.50+8.45 47752951

OVX-TB 79.25+9.45 31.82+7.63% 4.80+1.05° 59.88+8.28 42.63%8.13

OVX-TBH  80.61%+6.39 25.80+9.60%" 3.39+0.99%° 67.61+12.91 51.42+12.79
OVX-CT 78.96+7.18 2559+6.82%° 3.86+1.25 67.369.24 49.51£10.76

OVX-CTH  75.96+7.44 21.14+11.02° 2.60+0.83° 71.23+16.37 52.22+16.67

Ca absorption rate(%) = {Ca intake - fecal Ca excretion)/Ca intake X100
Ca retention(mg/day) = (Ca intake - fecal Ca excretion - urinary Ca excretion)
Values are mean®SD. NS ! not significant

Values within column with same superscript are not significantly different by Duncan’s multiple range test at
a= 005

Sham-Con(CaCOs) OVX-CC(CaCO; OVX-Control) OVX-CCH(CaCQO; + herb extract) OVX-TB(tuna bone
powder) OVX-TBH(tuna bone powder + herb extract) OVX-CT(citrated tuna bone powder) OVX-CTH(citrated

tuna bone powder + herb extract)

..35...



Table 26. Calcium biochemical parameters in serum

Calcitonin PTH Osteocalcin ALP Estrogen
(pg/m}) (pg/ml) (ng/ml) (IU/L) {(pg/ml)
Sham(SCC)  7.04+2.23™  20361+39.43™  1.38+0.26™ 215.00+193.21™ 91.63+14.88"
OVX-CC 6.17+0.60 199.72+30.29 1.26+0.35° 3425724274  76.86+11.29"
OVX-CCH  6.32£252 208444752 1534032  254.63+233.08  7550+8.71°
OVX-TB 6.32+1.72 1952445332 1613024  439.43+262.87 78.25+12.18"
OVX-TBH  566+1.16 2023125072 158031  406.00+319.62  73.29+7.30°
OVX-CT 5.65+2.27 193.46+24.47 175£0.20°  380.43%296.01 78.86:12.55%
OVX-CTH  558:164 202.63:107.13  1.67:0.25"  276.86+263.93  79.00+7.75%

Values are mean*SD. NS : not significant

Values within columm with same superscript are not significantly different by Duncan’'s multiple range test at

a= 0.05

Sham-Con(CaCQs;) OVX-CC(CaCOs,

tuna bone powder + herb extract)

OVX-Control) OVX-CCH(CaCO; + herb extract) OVX-TB(tuna bone
powder) OVX~TBH(tuna bone powder + herb extract) OVX-CT(citrated tuna bone powder) OVX-CTH(citrated
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Table 27. Calcium biochemical parameters in urine

Ca Deoxypyridinoline(DPD)
(mg/dl) (nM/mM creatinine)
Sham(SCC) 2.831.90% 114.59+36.90"
OVX-CC 3.98+1.18% 168.71+39.66
OVX-CCH 3.88+1.68™ 176.27+33.71%
OVX-TB 4.80+1.05% 175.29+33.99
OVX-TBH 3.39+0.99* 168.75+23.13
OVX-CT 3.86+1.25™ 195.05+25.34°
OVX-CTH 2.60£0.83° 170.45%38.11°

Values are mean®SD. NS : not significant

Values within column with same superscript are not significantly different by Duncan’s multiple range test at
= 0.05.

Sham-Con(CaCQO3) OVX-CC(CaCOs; OVX-Control) OVX-CCH(CaCO; + herb extract) OVX-TB(tuna bone
powder) OVX-TBH(tuna bone powder + herb extract) OVX-CT{citrated tuna bone powder) OVX-CTH(citrated

tuna bone powder + herb extract)
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Table 28. Weight of femur

Wet weight Dry weight

g g/100g BW g g/100g BW
Sham(SCC) 0.678+0.05™ 0.264+0.03" 0.505+0.02" 0.196+0.01°
OVX-CC 0.733£0.04 0.236+0.02° 0519+0.01 0.168£0.02
OVX-CCH 0.730£0.05 0.228£0.01° 0.518%0.03 0.162+0.01™
OVX-TB 0.705£0.11 0.218 +0.03° 0.495+0.06 0.153-50.02°
OVX-TBH 0.740%0.04 0.228+0.01° 0.5260.03 0.162%0.01™
OVX-CT 0.682+0.06 0.217+0.01° 0.497+0.02 0.1568£0.01™
OVX-CTH 0.673+0.10 0.217£0.03° 0510%0.04 0.164+0.01%

Values are mean®SD. NS ' not significant

Values within column with same superscript are not significantly different by Duncan’s multiple range test at
a= 0.05.

Sham-Con(CaCQ3) QVX-CC(CaCOs OVX-Control) OVX-CCH(CaCO; + herb extract) OVX-TB(tuna bone
powder) OVX-TBH(tuna bone powder + herb extract) OVX-CT(citrated tuna bone powder) OVX-CTH(citrated

tuna bone powder + herb extract)

Table 29. Ash content of femur

Ash(mg) Ash/dry weight(%) Ash/BW(mg/100g)
Sham(SCC) 299.98+15.70™ 59.4+1.2™ 116.69£9.81°
OVX-CC 31351+ 996 60.4£3.8 101.25+9.94°
OVX-CCH 314.71+18.69 60.7£89 98.27 +2.77™
OVX-TB 295.74+35.47 59.8+1.2 91.58+9.35°
OVX-TBH 319.14+16.60 60.7£6.8 98.32+3.70™
OVX-CT 299.09+22.32 60237 9522+ 437
OVX-CTH 311.87+24.79 61.2+0.8 100.30 = 455"

Values are mean®SD. NS ! not significant

Values within column with same superscript are not significantly different by Duncan’s multiple range test at
a= 0.05.

Sham-Con(CaCQ;) OVX-CC(CaCOs OVX-Control) OVX-CCH(CaCQs; + herb extract) OVX-TB(tuna bone
powder) OVX-TBH(tuna bone powder + herb extract) OVX-CT(citrated tuna bone powder) OVX-CTH(citrated

tuna bone powder + herb extract)
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Table 30. Calcium content of femur

Ca(mg) Ca/dry weight(%) = Ca/ash(%) Ca/BW{mg/100g)
Sham(SCC) 115.16+11.52™ 22.8+23% 38.4£36™ 44.79+5.33"
OVX-CC 124.16%12.20 23.9+2.4 39.6+4.0 39.96+3.98"
OVX-CCH 12660+ 8.35 244716 403+2.9 39.59+2.85"
OVX-TB 111.46+10.49 233%+19 389+29 35.48+2.86"
OVX-TBH 11867+ 968 22.6% 1.6 372427 36.50+3.00°
OVX-CT 118.38+16.17 938+ 32 395+44 3772508
OVX-CTH  11978+1481 236+28 385+4.7 38,64+ 5.08"

Values are mean®tSD. NS : not significant

Values within column with same superscript are not significantly different by Duncan’'s multiple range test at
a= 0.05.

Sham-Con(CaC0O3) OVX-CC(CaCQOy; OVX-Control) OVX-CCH(CaCO; + herb extract) OVX-TB(tuna bone
powder) OVX-TBH(tuna bone powder + herb extract) OVX-CT(citrated tuna bone powder) OVX-CTH(citrated

tuna bone powder + herb extract)

Table 31. Bone mineral density of femur

BMD(g/cm®) BMD/100g BW (g/cm?

Sham(SCC) 0.176 £ 0.008" 0.069 -+ 0.006"
OVX-CC 0.173%0.004% 0.056%0.006°
OVX-CCH 0.177+0.006" 0.055%0.002°
OVX-TB 0.162£0.007° 0.050£0.002°
OVX-TBH 0.176+0.008* 0.0540.002"
OVX-CT 0.1750.003" 0.056+0.003"
OVX-CTH 0.172+0.011° 0.055%0.002°

Values are meantSD. NS : not significant

Values within column with same superscript are not significantly different by Duncan's muitiple range test at
a= 005

Sham~Con(CaC0Q3) OVX-CC(CaCOs OVX-Control) QVX-CCH(CaCO; + herb extract) OVX-TB(tuna bone
powder) OVX-TBH(tuna bone powder + herb extract) OVX-CT(citrated tuna bone powder) OVX-CTH(citrated

tuna bone powder + herb extract)

_41_



9 BRofolo| 7| E

42 A3 nRsts AYge] AH Tt B

<

Nir
-
:Aﬂ
wmﬁ

<

)

Qo Ead 2 AA 2z A

oy

o

Ko
o

i

ok
o0

qmu—.o

)

o

RS

Jl)

oy

o

M
o

ol

1

N

=
T

]

3

W

Zojel oMY Ao AR

d

A

] B8

H

o

Nlo

H

ﬁ_ T

502 ol Cax

=% 11,000kg
120 71& 4 5% HF 2 7HA

z
of I3 o} nk AAY ¥ B3P D SYhA EAE09L/A)7t dE

g

bs

29 A% 70009/ke, SMEE 12,0009 /kg, F

1=
e

M

Y

s
HHNE

Ao 277 FHEEA 994 Ca

=
)

ZM ojo] Ca B

..42..



H 5 & 4 7ieEnte| A=
A7 ZRE PO Ca 2ARNY GFIFE o8 71F71E} UL

27tE 158 BREAEY 24 e AT U HEA 7€ HEE T34

H2ARE Astel AEY AdAAANE dot AFH g & A
Agel 474F BEASE AL RANA AN 47 % AARS
(F)zobAle}, (F) WA Tl AT Fop, AN Avleh WEF NFRAE F

sol = -9 ARAe BRET

2L
)
2
>
N
o
gi&k

FAo 2 sodigtn A EA T4 Fste] FARTS ATl A A

R
Ee) v HEEE HolT

9

>

A 6 & HAJjdtntEolA FZEt dentstr)
e

AT AT 9

- 43 -



s, A2, Z2E 399 TRV AW 2 2 40 viAe 9,
28AE svdeE 2l 8 FHoAA AW Zg o84 Adted o
¢ ZE AH s 2 F=GESA 26(3) 277-285. 1993
Ao, AA71Ee AZgdolg AT dF M d& A B2 2w A=

FAWHA L IR G, TG FE A 3103): 279-288, 1998,

Allen L. H. and Wood R. J. Calcium and phosphorus. Modern nutrition in health
and disease, 8th ed. 144-163, 1994.

Hamet, p., The evalution of the scientific evidence for a relationship between
calcium and hypertension, J. Nutr. 125, 311s-400s, 1995.

McCarron, D. A., Dietary calcium as an antihypertension agent, Nutr. Rev. 42(6),
223-225, 1984.

Heaney R. P, Smith K. T. and Recker R. R.,, Meal effects on calcium
absorption, Am. J. Clin. Nutr. 49, 372-376.

Matkovic V. and Wardlaw G. Timing of peak bone mass in caucasia females
and its implication for the prevention of osteoporosis Inference from a
cross—sectional model, J. Clin. Invest. 93, 799-808, 1994.

National Research Council, In; Diet and health, Natl. Acad. Press, 1989.

Tsutagawa Y. and H. Kawai, Comparison of mineral and phosphorus contents of
muscle and bone in the wild and cultured horse mackerel, ]J. Food Hyg.
Soc. Japan, 34, 315-318, 1994.

Miller JZ., Amith D. and Flora L, Calcium absorption from calcium carbonate
and a new form of calcium in healthy male and female adolescents, Am. ].
Clin. Nutr., 48 1291-1294, 1988.

Shizuki O., Fish bone, New Food Industry 23: 66-72, 1981.

Jean Wilson, Eugene Braunwald et al, Harrison’s Principles of Internal Medicine
12th, McGraw Hill, 1922, 1981.

Stein GS, Lian JB, Stein JL, Wijnen AJ, Frenkel B, Montecino M: Mechanisms

_44_



regulating osteoblast proliferation and differentiation. In' Bilezikian JP and
Raisz LG(eds). Principles of Bone Biology, Academic Press, San Diego,
CA, 69-86, 1996.

Chestnut CH: Theoretical overview: bone development, peak bone loss, and
fracture risk, Am J Med 91(suppl 5B): 25, 1991.

Jean Wilson et al, Ibid, 1922-1923.

Suleiman S, Nelson M, Li F, Buxton-Thomas M, Moriz C. Effect of calcium
intake and physical activity level on bone mass and turnover in healthy,
white, postmenopausal women, Am. J. Clin. Nutr., 66: 937-943, 1997.

Specker BL. Evidence for an interaction between calcium intake and physical
activity on changes in bone mineral density. J Bone Miner Kes 11
1539-1544, 1996.

Thompson JL, Gylfadottir UK, Moynihan S, Jensen CD, Butterfirld GE. Effect of
diet and exercise on energy expenditure in postmenopausal women. Am J
Clin Nutr 66: 867-873, 1997.

Krall EA, Dawson-Hughes B. Walking is related to bone density and rates of
bone loss. Am J Med 96: 20-26, 1994.

Mizuhima S, Tsuchida K, Yamori Y, Preventive nutritional factors in
epidemiology:interaction between sodium and calcium, Clin. Exp. Phamacol.
Physiol., 26: 573-575, 1999.

Jones G, Beard T, Parameswaran V, Greenaway T, von Witt R. A
population-based study of the relationship between salt intake, bone
resorption and bone mass. Eur. J. Clin. Nutr., 51(8): 561-566, 1997.

Roca CA, Schmidt PJ, Daly RC, Rubinow DR. Estrogen-progestin replacement
and risk of breast cancer. JAMA 284(6): 693-694, 2000.

Kang SY, Lee KY, Sung SH, Park MJ], Kim YC. Coumarins isolated from
Angelica gigas inhibit acetylcholinesterase: structure-activity relationships.
J. Nat. Prod., 64(5): 683-685, 2001.

Kim SY, Choi YH, Huh H, Kim J, Kim YC, Lee HS. New antihepatotoxic
cerebroside from Lycium chinense fruits. J. Nat. Prod 60(3): 274-276,

_45_



1997.

Ishimi Y, Yoshida M, Wakimoto S, Wu J, Chiba H, Wang X, Takeda K,
Miyaura C. Genistein, a soybean isoflavone, affects bone marrow
lymphopoiesis and prevents bone loss in castrated male mice. Bone 31(1):
180-185, 2002.

Kritz-Silverstein D, Goodman-Gruen DL. Usual dietary isoflavone intake, bone
mineral density, and bone metabolism in postmenopausal women. J.
Womens Health Gend Based Med 11(1): 69-78, 2002.

Takeda T. Senescence-accelerated mouse(SAM): with special reference to
age—associated pathologies and their modulation. Nippon Eiseigaku Zasshi
51(2): 569-578, 1996.

Kalu DN. The ovariectomized rat model of postmenopausal bone loss. Bone
Miner., 15(3): 175-191, 1991.

Heaney RP. Nutritional factors in osteoporosis. Ann Rev Nutr 13: 287-316, 1993.
Heaney RP. Calcium, dairy products and osteoporosis. Am. J. College Nutr.
19:833-839, 2000.

Tenathinsp M, Bolscher M, Netelenobs J, Coen R, Barto R, van Buuren L,
Vanathihsp W, Derathinsp W and Vijigh W. Estrogen regulation of
intestinal calcium absorption in the intact and ovariectomized adult rat. J.
Bone Miner. Res. 14: 1197-1202, 1999.

Shiraki M, Ito H, Fujimaki H, Higuchi T. Relation between body size and bone
mineral density with special reference to sex hormones and calcium
regulating hormone in elderly females. Endocrinology Jpn. 38 343-349,
1991.

Avioli LV, Mcdonald JE, Lee SW. The influence of age on the intestinal
absorption of “Ca in women and its relation to 4Ca absorption in
postmenopausal osteoporosis. J. Clin. Invest 44: 1960-1967, 1965.

Kalu DN, Hardin RR, Cockerhan aR. Evaluation of the pathogenesis of skeletal
changes in ovariectomized rats. Endocrinology 115: 507-512, 1984.

Arjmandi BH, Alekel L, Hollis BW, Amin D, Sapuntzakis MS, Guo P and

_46_



Kukreja SC., Dietary soybean protein prevents bone loss in an
ovariectomizrd rat model of osteoporosis. J. Nutr. 126: 161-167, 1996.

Donahue HJ, Mazzeo RS, Horvath SM. Endurance training and bone loss in
calcium deficient and ovariectomized rats. Metabolism 37: 741-744, 1988.

Morris HA, Porter SJ, Durbridge TC, Moore RJ, Need AG, Nordin BEC. Effect
of ovariectomy on biochemical and bone variables in the rats. Bone Miner.
18:133-142, 1992.

Ballamore JR, Gallagher JC. Effect of age on Ca absorption. Lancet 12: 549-551,
1970.

Villareal DT, Civitelli R, Chines A Avioli LV. Subclinical vitamin D deficiency in
postmenopausal women with low vertebral bone mass. J. Clin. Endocrinol.
Metab., 72: 628-634, 1991.

Khaw KT, Sney M]J, Compston J. Bone density and 25-hydroxy-vitamin D
concentration in middle aged women. Br. J. Med. 305! 273-277, 1992.

Wronski L . Response of femoral neck to estrogen depletion and parathyroid h
hormone in aged rats. Bone 16: 551-557, 1995.

Recker RR, Saville PD, Heaney RP. Effect of estrogen and calcium carbonate on
bone loss in postmenopausal women. Ann. Int. Med. 87: 649-655, 1977.
Shina R, Smith JC and Soares JH. The effect of dietary calcium on bone
metabolism in young and aged female rats using a short term in vivo

model. J. Nutr.,, 118 1217-1222, 1988.

Delmas PD, Christialsen C Mann KG, Price PA. Bone Gla protein (osteocalcin)

assay standardization report. J. Bone Miner. Res. 5 5, 1990.

..47_



A 2 AR A

WO FE==0| tiAbd =R &0 n0jx|= g&

Effects of mixture of tuna bone powder and oriental

herb extract on metabolic bone disease

_48_



H1Z&3 ME

g
Bl¥

(mineralization)®] T

zk
2y

Z A &4 24 (bone

=

A%E e mes W

3
=

.

i 2 5 s

S|

“~(resorption)
ol

o=

=]

L
=
v o

W_

& A (bone formation)3
remodelling activity)®] &

Rlo
wr

B

e
B
or
4
N

K

el e,

1

T
pad

Z7ol Foll A

ATHH

1}
=

5ol
2¥(bone mass per volume)2]

cwi

sl TEE

f(}- X] S

=

3}A] Z (osteopetrosis)
=

36.8%

T

=

iy
ok
>

&

X"] 5]

T

71%

(459

AR 85 B9 2000859 WA SFAA AFEA2130%) T FY
(A%, 2002).

TN (7857) Hlg ol

=

(osteomalacia) @ 59 ((rickets), 4 F%&
)

1995).
=

Bl
T

—

0
T0

ol
TR

h)
i

jIB

i
!

ol
Ul

i

gl S

10002 F}|-e u 30% o]

=3 gAolt A A 4

A

A2 2zxa o 199949

o AlA ot

=

=

SA ot

1

A

A RANE AT

784 °]

]

o=
pul

oo

o7
Njo
Ho

i

10
0

ol &

W
i
il

=

35%0) &
A$ 1995¢ 7lEow

27%, 20201l = ©oF

T
1.

18%°] 25k 2010 )

L
.

1995 o]

]

-

Ael e AolrbA B
ERSEE!

1.

I

3

[¢)

o)

Ko}
e

=
=2

S
7 7

o
=

3

ol#FA HW o
k= 7]
- 49 -

2000).
= 50%°l

<
1

% & (bone mineral density, BMD)

P
T

k(31 7]

38% A%, 1 9]



2 =39}

=
(<)

g

1998). whebA

=N
[S))

ojy

=y
¥

ﬂ
#
)
e

—

sl

o

| o}

Ho
=

o 9

,/}”‘

HAEA

2] w7} g5
o] H]

(EE2 IR TECRE ISR

el

&g | el
P o

5K, WES W

9]

Hlr
=

A2 RS, MY

o

ﬂmo

o)
W]

El

o RIS BEREC] Mk

L=
21

Ads] Aek 2EA W

185

x

olgbil sl
& A 2 A (osteogenesis imperfecta)o] vt af2

A

1 A7e

+A s

L=
Q

o1 A7) wEo

ioh
Nlo

e

3L
=

RN 4ol &=

3|
A

kls

Q)
=

13

(Marfan's syndrome) #

12

[e)

&It

=

, 9

3

A, BEIRY

<

|

AU 2 2o

Al B
j=i

) Ze

= 2(COPD

P (Jean W.,1991).

3 TR

2

L.
L

%

HHaA A

&

3
gl

FA ole @ o rtA] ARbEel 2

3

/\ol-

g

B
e
e

3

™

——
1o

Hol A o] Fof Zggdol

=
3

o] 2] &

gy,

2 47

ol

o

AT 2EAY A AA

5]

3

2l

o ATE

e

i
3

)

- 50 -



e oz

o 7]e] ot

& e

g 74

Al

—_—
file)

T
il
ol

o

M

©

=)

=
B
"o
Nl

et

o

Ko
Ho

Hiu

™
oF
W)

it

7FA] a1

=
=3

F54

3k sample compound

o o}

or

AR S pilot studyE

...51_



il"
[=4

=

H 2 & =4 7=

1990 of

AT

o

o

871 ol Fo Tt 1993w ol

= ©

Sof By

L...v
._DO

e

)
A

Z Akl 7

=

3

)

™
&

4r

o= o] xu& 7ixx

o

=9
[}

1995)

s ol

ik 3 (1996)

i
(2!

g

4K

1

T
pal

th 7

L

L

A o)E AT

i3

2

e 2

[}

A 71ell FETE(1993), #EMWI1995), A
23

I

o
oF

—

~A

ojw

A FHES

NolaAlz AHE )

7le ogY. S

olazz i

b 2ed

0

S 7FAH oF

d Z5¢ tAAel o

o

=

b1 o

0

AE lsde §AT = el

N

i
of
ﬁo

o
=
ol
B

<0
R

~

B
il

E’}

ol A&

FEA S ALg -3l

35
.

29}

= A=

=

3 x—ﬂ oﬂ k] 7_(—]

B
L

Rk
- 52 ~

S

At B2 AR pilot testo] 7



Eet

=0
TK

™

A 14 A

As

1.

Fuke 8F# 180g A F 9 female

Mo

slctAlo] ol2%

1
S .

&

]

3

]

[e)
=

boj

°

b1 9

°

off Ab-&

)
=]

Al
=

Sprague Dawley 7 23 o)t}

5

(22+1°C, 50+5%)ell A ALS

o]

118 &

[e)

=
H £%% kanamycing =27 U

Aol 294+169g A= o] & FF ol ketamine® rumpun

=

(povidone)
A AT,

kAT

o A

Q)

ue
e
[

o}

CIPN
gk ot

0]

>R

=3

o 84
SEEERCE!

2]
Tmg/100g € SF/FF

o)

i

[e]

=

£y
5

b 3

5]

50mg/100g, calcium

}

o

(GN) 63 ®=2 ZHzt 3000cc
Z

G

-
RS

(o]

SG¢ GN& 2zt

T

1500ccet Al ¥of 3412 st 7HE

e
T

thAl 3000rpmoll A 108-7F
A AzA7] 2 98¢ 108.8g2 AArt

(8G) 53 % H3

L4
=
T

4

off FofAjq]

of ¥ feeding zondeZE A}&

A A]
Aol F
[e]

5=

A

A

Kfo
R

..53...



Ao A wreedte] 52 sk

&
u:
ps

4. 8 A 2 AR 1A

AHE cddzz vt F AdAast] AES oF 10w AP F F2oA o

dEF ANEE $£53 g8 dx24E& ARt -20C 223400 ¥5 Bs)
Aok Mg AxEE w37 A 549 A F gEHIY AEE UeAEA
& 7] (Universal testing machine, Instron 1011, USA)Z =331 vH(Table 1). Head
o] AL 13mm, ¥°lE 13mmel ¥71%& Abgstdew, Hostso] 7tafd o
Alge] MPEEL 2mm/minZ 93, Hdl $¥L 99 wAE seiAE Hdss
Ao @9 MPa(IMPa=1N/mm*) & st it}

dAAHAE v AHNE FAAND F AF AAE AFstn AR E B E
Za 7FI2 A A% & DEXA(dual energy X-ray absorptiometry, Lunar Piximus
#51039)& ©]g3te) FHF7]A FX(bone mineral density, BMD)E #4344, =
d FAE A9 de 1 8FA AdRE 61 254 FHAAAE AHEE
oS4 ddE 25 ALE T3l

O

I E

o
=

Ay

=74

o

ol
=L

o 4

6. x4

a4l

Fkl

B A &3} primary culture
HRoA dEzE £ & 10% Formalin buffere] 2o} 24A17¢
e Z+ £# & ethylenediamine tetraacetic acid(EDTA)E o] &3to] 2
g3 AAY. E33"H 24E xylene?}  ethanold o] &3t #©F3 F

rlok

Re)

ot

O
f
o
!

-

ol
2

paraffin blocks ®F=th 18] 3 paraffin Lo]® Z2 2 microtomes ©] &3} 6

me FAE uale gL Zalolre] A7l T HQE AABNAL AH Hu|Ao

- 54 -



Table 1. Conditions of measurement on the mechanical strength of the femoral

neck
Head Condition
Testing instrument machine Instron model 1011
Cross head speed 10mm/min
Weight of load cell 500kg
Chart speed 50mm/min
Cross Head diameter 13mm

=M EZ 9} primary culture® collagenaseZ ©]&3to] 37Tl A 347 &<k ¥Hg-A]
713 4Fste] dEFZ2HRY ZAXE B39y A E£E= DMEMel 10% FBS,

2l 11 1xAntimycotic antibacterium= 233 s xjolj A 257 v t3k o)

7. Interleukin 1B¢] immunoprecipitation® western blotting ¥ RT-PCR
HA FEY HEHFZAOZHRE primary culturedt cell2 3433 4TolA
14,000rpme.2 Y- E st cells E2 Y-S, AF9E HEd *

2 cell
freezing and thawing 2 2 7§} A total proteing Bradford method® & #3c}.

flo

7-1 Immunoprecipitation(IP)

7} total proteing 200ug 2 E-tubeol] ¥ 3 IL-1B AbE 20u0E Y3 4TCoA] <
1A1ZF o] ¥k Al It} 1A]7ke] =t 39 protein A/G plus agarose® 208 4 ¥
I ThA] 4T A rocker of &8 1AIZE o)A} BEEAIZIG BEEo] £ F 4T
A 1000:GE 3027 AAEHNE F gEAe weln PBSE ARWT. o o
pelletg 2~4H PBSZ M A3} wpxje A3 & 40409 sample bufferg ¥ i 2~
387 100CoA #<Uoh Sample 20uf A loadingdte] 7195 & th. 71950

Tt & western blotting S 3§t}
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7-2 Western blotting

Transferdr NC membranes 5% skim milkE %] blackingd % IL-18 AbE
1:5002.2 ¥o] wksAIZITh 142 o] wbgAlzl § TBSTE o 101 3H A
gt AlH 5 22 AbE ¥ol 1A13F o wE ARl ¥ oAl TBSTZ oF 10&7+ 3
H A H 3L ECL solutionC & 33417l ¥ X-ray filmol 7334 7t}

o A AHE-S-(reverse transcription polymerase chain reaction)< primary cultures}
of d& AEEFE RNAS £8¢ v Adstdch RNAE Tri-zold ©]83to
chloroforme.2 E4%%-8 #7189 3, isopropanol® RNAEZ $E2AA FZ31949.
o225 GAPDHE AH€-31%1 3, primer sequences ©9&3 2o

IL-1p= GATTCTCGACAAG, GATGGCTCAT TCTAATGC

IL-62 GCTTTCAAGATGAGTTGGATGGT, CCCAACTTCCCAATGCTC

CCTA

TNF-a= CTCCTCTCCGCCATCAAGAG, TGGGCTCATACCAGGGCTT

GAPDHE® GAACATCATCCCTGCATCCA, CCAGTGAGCTTCCCGTTCA®] v

RTREE & 72T A 1077t denaturationstil, 42 ColA 60%3F ¥+&39 1, PCR
182 95C 5%, 56 CAA 108, 72T A 10¥7F wh8-3kal o

j29

8. T4 ¥4
Adojz ztgel g T4 EAL Microsoft Excel 20008 A&3tg ot RBArat
AEred, g2 2 APt ZdHE EAAole FoAld o

Student’s t-test& AL} A T FoFE=S p<0.06E 3t

DEAYE AP A QAR Aol INY FE WD AAA4EF
1597 =PsEeh oizlel AAF dd F AW FRINAN FAT @3 59,
o7 699 94 4RE FSHAC olsh 2L 3 AFOZ placebo THE B

A5 A8 GET A4S Folst e AAY F Atk AR 4547
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Table 2. Disease rate of osteoporosis (%)
sex \ age 50" s 60 s 70 s
male 1.8 116 11.7
female 269 554 77.2

Table 26419} Zo] FAdo] nls] ofido] 5-7vf Fx B H|&E Fopa ol B
Agtte e ¢ 7 Utk o He di¥E H fFHEdAR adE v
Hed 19959 o5 Ry #
03es Uestt(z %, 199%) . =3 oA slojd Zdxe daAaAE Ae
o] JIRELS AT A2E AW §9 ARAAE e AoRE AY

T 717 24, 22" S my/do), $4 A ¥ (ng/dl), LDLE | 28 Z(mg/
d0), FEAFFEEY] FE(mIU/m) Fol AL FHY FBAAE 2+ Aozs
ADZFA T (kg/m'), DFTFE, &5 5ol d(National Osteoporosis Foundation,
1996). €A m=o] & HstzAtR A ostH(Mary et al, 1996) 17+ 28004
FA7E 2vEFed =2du a9 wid HFFEBE Sk A oS Eolus
FAeltt E o2 A8 Mary et al, 1996)9 <stH 12,000,0003/d9] HlE2 =4
o] wAst=d Fukzdol oF 147,0008 A 250,0008 & AA|stal, 1% 80%7F 7}
BE& 9adol ostm ool oF 40%7) 804l °l & wjrtA Hox sy HFEH
31, 80t Futo] HH oA 389 1% G 689 1o Eubzd
2l

S A8sA ddx 3o e FugE sk 85 By 19929 V|EoE ug g
504 o]AF whelodAd ] 40%9F YAl 13%7F AHolx g W Re FALEE 3k

_59_



F03% A8Hgol o

be 1995 1= ¢

A

o2 34

o

—~
fite)

™
B2

—_
1o

o
o

of

M

-

Fh(Joel S, 2001). webxd Ats|AAA o2 7hR Al

1389 €t

A

ol gkt

=
=

oju] oA

Ko

o

Ehi
olJ
frow

Q)
=

M

o
3

M3 gle o

b, A F

L
.

e
oy

¥ (Suleiman S. et al., 1997, Specker B. L., 1996; Tompson

3!
™

oy

91 o]

} ¥ (Hara S. et al., 2001)oF+, &7, HY

2,300 o 44 (20-3941)

]

o) =
AN

at

(cross-sectional study)el] ¢

I
o
Klo

1997)0l] A]

Ja

S

e
El

& (high impact activity)

o
T+

1A &9 = (whole-body BMD & lumbar

[

% (low impact) S A& BEHTG F2

2

i

pry
;OO
jgxte]

¥
3

M
R

o
w

o

&

3o 1000mgol A Ee EEs A}

B

1500mg7t#] &] Aol of A

=
T

o Al

SEREE

t}H(Wickham C. et al., 1989).

ZA o A Mizushimas

R ZSEXRANAE

s

o

o} oA 14199l

e

3}
3)

B

<o

(600mg/day)} Z+

= salt intake”Z}

Z Aol 4 %= Jones

&)
o

(154%) <
bone resorption® markerZ 22Tt AY FohF 359 risk factor7b 2 4 A H(Jones

G, 1996)= 2&<5 Wzt maA oHd As

il

ol

2E

[e]
T

+ 3

ol

£}

= =)
=25

A

)

.
1o

_60_



gAnt o4y 2o

1.
.

7} o] %

vel 4

A 9 Table 2004 =

ol A

LA
B |

A =71 dq &l &

]

ol

oo

o

o
oo

==}

T
=X

M

o Zikrt A=A HA

Q
45

g]

et e 4

daideg

o]

o

JJ

——
o

ol
)
Ao
=T

Jd

fite)

el

o}
o}
i
R0
o

oy

ol

[e)
yo

B},

A] 8fq of

wE
i
"
N_.o

0

oF
Klo
Ho

Eill

2L
[}

of W Aol webA Bt}

3.
T

7] ©]

Al
=

o] ol A

Z

)
o

el
_\,mo

o}
Njo

I @A E juvenile idiopathic osteoporosis®]il

)

4
0

K

prn—

719 opFo
E A= S1Ao A 754 Atole] )

" F(cortical) B.t}

KO
7o

iy

s

Type 1 osteoporosis® 8| ¢} &

J] (vertebral body)<}

2 BAEE A

(trabecular bone)oll

e

[

T (distal forearm)ol

_61_



.
rr

7

oft

} & Bt AAE 704 oY HuYdA EF &F Type I

osteoporosis¢l Bl X2 Z 3} s Fo] nF LB thE F(femoral neck), 44T

A 7Fo] ¥ (proximal humerus and tibia), &9H# (pelvis) 5o] 714 S¥rE 92

ZINE FRddsaEe] gAY AR doidos & Aol dn. 18X
&

BI0Y 2% 84% vEY Do $£AE= A dd(ean W, 1991). 2322 £

354 249 AEAdAE AYstd 923 ZHRoss, 1996, Rebecca R., 1996).

A ' FAFFA okl ol L} ofAolRlFE, 4, H A (HA
% 200 o), ¥lEAH(nulliparity), ¥4d & 44, 7154, &
2t

- %2 8% : Glucocorticoids, LoopAl ©]%x#], GnRH-& 5 A, Heparin, 718 &

T

® =ty HolzAel sty melAy

2EEe ARNAE FHRHor 2 AN st shbe 2EFE

~
JAlet= o] L(antiresorptive agents) EAlE FEAAE Z2AAFE HYolt
AR A o2 e ZTESFE o A(antiresorptive drug)dti  Estrogen,

SERM(selective estrogen receptor modulator), Calcium, Calcitonin, Calcitriol 5%

g A9t BoW b BWa AFHD OFd GYFE]

-
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Bisphosphonates A} A 7} A} &€t}
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estrogen-mimetic®] 84 F Aol calcitoning F7MA7]12 ZE9 AW ol&&EE F

WA o slgE 2719 BAL S8 24T ¢ e Aon

® Felsiolnel = 24 A% 2 P
® ob% 3 ad

ghk Aol = NS o3 ol B A il l(neonatal period)=
AR 1d7pRelz ®ii(nfancy)T A 1HEFE 197t olH gy
(early childhood)= A% 1dHFE 6d7txela B3Efi(late childhood)= 7THHE 12
d7zbA ol AR (puberty)= 22k A7 o] U= 13-1541742] ol i

HACA R & dge folr] olF AEvIE AA HAuTFdd =Lk
17-20M 7t A& 232 obFs B HA7)
dHE AT olAbA>. ofF Al gl gl A
13-18M2 Bl A&7 SAA - A dy 9o AxFET AL A, NAA FA

= 53 #HAaw7](adolescence) &

A (personal identity) §°] 2@stE A4 - Algd 2gr|2 27| % sk} kel

oA 2w oie) AR BAL ST BN 750 dAekstn A
oA Qo Y WAl HED Fuel Avhe Mol webd wed 4 Ea
wolebn A7 + Pewl OB WL ebu AR LS “TRAN WAL
BTANL S SE BEAM P REBENS AT AGD FLE MNED oY BE
S NRE WIS B HEClRA BE AR T ARsdd. awd ol
g R SRe H Qow oF EE Tk Tt Hkold vuh =3 Mo

KA Aobd HEAMQ <hghirt>ol e UPGUEITIEH MKty DAL K
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2000; Roca et al., 2000).
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(1) B 2ol A recipe

A GN
- 24 BGE LK 16g, EAMASE R 15g, TR, A5, 4, saA MY, F
S 75g, BEMENT 4g, WMAGIR, W1 ZF 375g3 & 2g, AR
16g(F7AxA A=)
A4 BT B TS detd B BEE BYstn v F5S #oho

WS BASA S Adw =83 AnAE Fehel HE
mE7 HE Ae % Muae REELL FKEKE

A A sk EEANS MBS Retn FS txge a7 U2
Chy A

_&
- N
e
=2
o
R

) kel Aol A recipe
. ;(%H SG

C 2T SA W HER IR

RERE <Spfizd - WU/ARE - Big>o vee Agos “ihEkk
B, R AFSEND, WHGEERS, SRR, ORERSE ol st o
27 4% W 22A7)% 598 AR A% B0 WwElY A

ofth el S “EE - S, ST P = - b I g
KAFE - g AL T RIE B4 ROEE - B KU, MBS R

}.

il elgk stA=w o7l e B3] A 2ole MEY BES ¥itx
oAl BT LR SE&HE BHME Jhi e Rolth
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= ol &% Ay H}

A7 ol YA ol FoQAE=ANE AGEy] Y3 FHogZ A3
Aot SAHZ A= U3 Z2d(Table 3).
Sham & controlit Atelole FoAde AF=Z=717F dd ey GN#+H SGT2

control 2% #lwate] Paste AL Yot FAHS YA Bk

Table 3. Body weight of each group.

Normal Sham Control GN SG

No. of Animal 8 8 8 8 8

Initiation 282.1+10.78% 280.6+10.41 284.3t11.23 2834978 284.9+10.14

completion 2943+11.09 2956+11.19 3145%10.13%+ 309.7+10.89  302.1£10.37

* Mean*SD(standard deviation)
**. p<0.025

3-2 4<% thyroxine ¥ 3}

3 F 2013+ Thyroxine(Ty)9 SA A= HATFo] 3.72+05150112 JFFE
o] 40640403019 dizT o] 4.23+0.322, GNT-°o] 3.79£0.580, SG-°] 3.78+0.299=
ey AT s Q2T AleldlE f94%0 s Aolvt AR o H(p<0.05) T ET
# dx2T Abolele FAZAE Aol7b ATk dHFETFFH GNEZHY Apold & 9

A Aok filen SGEFHE FAAAdE &l (p<0.025)7F A = AcHFig. D).

3-3 Osteocalcin &% 3}

g% F 599+ osteocalcin®] S HAdato]l 1.37£0.237011 A FFET o
1.62+0.108°] ¥ tizxo] 1.13+0.097, SG°] 1.41+0.243, GNT°] 1.36+0.211Z v}E}
o AT A 2T Abolole FofHQlE Aozt ARNS B ohE (p<0.05)
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Fig. 1. Effect on the T4 level of each group
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Fig. 2. Effects on the osteicalcin level of each group.
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AFATFeddd T Aol g 129 fFo)dsle 2ol(p<0.001)7F UMt o
ZT 3 GNT#] Aol e FofAddE 2be](p<0.025)7F AR SGT A= #F44
A= Aol (p<0.0)7F AA = A H(Fig 2).

Osteocalcin #lol] & Bl ZFebdl ©hlo] 20965 abA|sti A3|ste] Ao &
ETE Y3 dAME F2do #AoJsin A2 A FH = osteocalcin®] 70%E =713
of A= 30%7F ol felEed ol & o]g3ste] A3 osteocalcin® A E

U de], AzEE Al utet WEo]l slow HAFl o F7FH AT
o]

b ed B Aola AATolY fA4FETRT dETAN @A wop A
e odx 5% Fol 24| Y] HRel wEA Aolw SGob GNE FAH T

A= A FHUA EHE Aoz Hol IS F/HAIIEH 7RSS

3-4 Alkaline phosphatase 3t% H3}
8% Fol| E9°J3l+ alkaline phosphatase?] %2 Aol 350.0£137.460]51 ¢

Fredo] 543.8+90.89¢1 o] 580.7+161.12, SGtol 554.8+150.57, GNT©]
427.1+161.032.2 YET ATt gz Aloldle 948 0E Aol (p<0.05)7}
ARy T dET Atolde FodAde Aozt Ao =T GN
T AboldlE FAAHNE Aol(p<0.09)7 AR o SGT e FAPUE Aol
7F A H(Fig 3).

ZZAHZE total alkaline phosphatase(TALP)E AAlste] ZFAEute] A3

%o

=)
At o] F 4RI Aoy FElgEg ALPE WA FEAAXER ALEH
th. TALP activity 9] 55%+= ZFoZHE 231 40%7F M Lol 2n Y=z

5%= FollA, dARE A= AR FElE7] W] FH3o o] Sold
M2 wA gty 2¥AT TALPE #73 $d L5t gu8Fo] oed o &
7t ZgAu 255 dAAE AHEshd BAa " (Karaenzlin, 1996). B4 tz

T Abelel §94 Qi Aot e gEEeld AFeld 3hEFEe J¥ 9%
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Aoz Ho Ud(AH T, 1998

HEE ARolA FAHI Instron e ATEo] 6.08:03760| 1 fHATET ol
4800294019 2T 4.10£0.3390) L SGTFS 4.30£0.607°)H GNT& 4.70+0.531
oldth. AT E AFFETH UERT Aloldle nxY FYAJE Al (p<0.01)
7b dd oy dxzd s SGTE Atoldle s WER A Eekla T s GNT

Abolell = freld ol Ael(p<0.05)7h AR HUTHFig 5). B R AdraETH

Ca++ level
(o]
wW

1 2 3 4 5
Normal sham control SG GN

Fig. 4. Effects on Ca"" level of ovariectomized osteoporosis model rat
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g3 HFFUEE FATFAME 0.203£0.01480] 2 ARFETS 0.199£0.0097
ojdom ERTAAME 0.171:0.00290] 31 JGFE A= 0.176+0.0086, GNoll A &=
0.176£0.0045% tHFig. 6). T-testl &= AT vlwstd] dzdolA A F
ojdol v ALE(p<0.002) YHEIY FxEFol m$ AIHoR doRIs &
oy vustdE W SG
Frolid o]l A A THP<0.02).

4 +
2 P
0 : : 1 ‘
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Normal sham control SG GN
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Mechanical strength

Fig. 5. Effects on the mechanical strength of the femoral neck.
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Fig. 6. Effects on BMD of each backbone

5. Immunoprecipitation®} RT-PCR

IL-1B= 9359 dAdd 4TS vA &= cytokinel 2 o] gt 7HA
o] FAAAS A& HBW interleukin-13 &7 collagen I-al, estrogen receptor,
transforming growth factor beta(TGE-8), interleukin-6, calcitonin, parathyroid
hormone, and apolipoprotein E, IL-4, IGF ¢ FAxE0o] FHE HAH #H 5

o v Aoz ZAHUTHFig. 8, Fig. 9). ol& E°] IL-1°] TNFE A A7

i
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1S

Cross section of the d

Fig. 7. Slide images of each group.
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Fig. 8. Detection of IL-18 by IP
N- : Normal group and diet without calcium
N+ © Normal group and normal diet with calcium

S . Sham operation group
C  Control group ovariectomized S- © SG group G @ GN group

N-N+S C 5- G

«- GAPDH

— IL-1p

«— TNF-a

Fig. 9. Expression of each cytokine, IL-6, IL-1B, TNF-a in RT-PCR

N- ! Normal group and diet without calcium
N+ © Normal group and normal diet with calcium

S @ Sham operation group
C : Control group ovarectornized S- : SG group G : GN group
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Table 4. Changes of osteocalcin level of men and women

Trial test
Specimen
First Second Third
Men
7203 17.26 13.66
O+ 23.06 20.44
o F 21.55 19.04
o 14.48 8.22
HOos 15.20 16.12
Average 18.31 1550
Women
EigoR: 5.02 5.72 6.48
oA 16.53 14.33 21.22
Hox 8.26 11.52 13.96
HO= 25.64 26.46 31.16
Qo= 11.31 13.26 12.13
°ojO g 11.72 12.09 11.56
Average 13.08 13.89 16.08
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Table 5. Changes of blood calcium level of men and women

Trial test
Specimen
First Second Third
Men
710 8] 8.6 9.1
>0 9.3 9.3
Elels 89 9.4
1O gk 8.5 9.2
Hox 8.7 9.3
Average 8.8 9.26
Women
2o 8.5 8.9 8.7
Brodd 8.8 8.6 9.1
Oz} 9.0 9.2 9.7
HOos 8.9 85 9.2
4O 8.8 8.6 8.8
olo& 8.7 8.7 9.0
Average 8.78 8.75 9.08
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