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A Comparative Study of Osteocalcin Measured by Radicimmunoassay in Normal
Young Korean Adults and Suspicious Disuse-Osteoporotic Patients

Myung Chul Yoo, M.D., Duke Whan Chung, M.D., Seung Gyun Cha, M.D. and Se Jin Kum, M.D.

Department of Orthopedic Surgery, School of Medicine, Kyung Hee University, Seoul, Korea

Osteocalcin is the major noncollagenous protein of the bone matrix and has been described as a

sensitive marker reflecting bone turn-over rate. It’s believed to play a role in the process of minerali-

zation. The level of osteocalcin is considered to be influenced by other calcium regulating hormones.

To obtain the normal value of osteocalcin in Korean young adults and to clarify the usefulness of os-

teocalcin as a marker reflecting bone turn-over in suspicious disuse-osteporotic patient, author measu-

red the level of osteocalcin by radioimmunoassay.
The results are;

1. The mean circulation osteocalcin level in healthy young adults was 4.43%+1.09ng/ml.

2. In normal Korean male, the serum osteocalcin level was 4.38+ 1.16ng/ml and in normal Korean

female, 4,48+ 1.02ng/ml. There was no significant difference in both sexes, but the serum osteo-

calcin level in female reveals some tendency of elevation when compared with male.

3. In suspicious disuse-osteoporotic patients, the mean serum osteocalcin level was 4.21+ 1.30ng/ml

and this result shows no difference from that of normal young adults.

4. The level of osteocalcin measured in the normal young Korean adults shows no difference from

the prerecorded INC level measured in the Western people.

5. In conclusion, the normal value of osteocalcin in normal young Korean adults is similar that of

western people, and the measurement of osteocalcin in suspicious disuse-osteoporotic patients could

not be used as a sensitive marker reflecting bone turn-over.

Key Words: Osteocalcin, Disuse-osteoporosis.
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ol gt ALY turnover & FHdlule ¥F
alkaline phosphatase v}, 2 %¢| hydroxyproline %
o] At&sjgl ottt o] wl bR s} Yol HwWE
598 77 %3t golglch AT BAHE of
2§ F 42| turnover E JEl £ F& AT 24
bone y-carboxyglutamic acid protein(¢]3} BGP) &
= osteocalcin o] FE=| o] =23 ¢lv}. Hauska!® %
ol 2|5}™ osteocalcin & §-7] A3} 5 Z2(minerali-
zed tissue)ol| A ¥ A el A F(noncollagenous

protein) 7}# ¢k & clal Aolny, 370 2] y-carboxy-



glutamic acid residue & 7}x|X Z53 A¥ste
Aoz A Qe 2 P4 Fold £ 9| mic-
rosome ol A dojubE AR F E§9o riwag
o] grpe, gg-8 7323}l 33 (mineralization
process) ol o3}, vlelnl Ko E4nhu Dol
Z4r 34 E 29 calcitonin, parathyroid hormone,
SERD & o AbEel S8 o ahg Tk g
16, 19)

©| 213} osteocalcin®] ¥ Fx 5 F9 turnover
o} ol A AAE FHABE o] YEFE W
Bl EoAbe FAHE dlad Az g dicln
% + an.

€ Azt olEld Aell zaldld, dAA £H
AlA AL Rart =z & A4 T a1 osteo-
calein ¥ F-5 2§ w4l a4 w(RIA) & o] &
sted whd Zzk 20 B¢ 409l A A3k HAF
25 AAEtz, "A A Ao 247 opd mlE
3 Aozt quuA o a4y a4 ekEEES
Zo] 9Al=l= 3394 2L uld] 0 & osteocalcin
2| & 233 ¥, o] osteocalcin 2| & AHAlgle 24
e} v, JAINL o] wEEFXLFY 3
ol 4] osteocalcin o] Fof 2}S] W Blalatel] x| X} 2
+ x4 ey ARE ZAbEg ). obgd A
A} gHZ-qlel| 4 osteocalcin x] E A okalz} w| @ E}gd
2=, Immuno Nuclear Corporation(INC)d| ¢|%F
osteocalcin 22 2] ZIH AT FA}slgdc}.
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1. 74

B4 ZFeE A 20~3549 i A7
209, B4 0% J4Toe 235m, ¥4 3
golspoll st ABFA BAFA B

3} <
ol4el vt F-AA ZlEHATEL HEvlo] Aol

Ay 3
R3S L1 %‘, 75‘ %9 glZF 4% (disuse-os-
teoPOTOSlS ol 2JAlE & #atF, 4 H3F 2 A
o] wpatAd A A4 AANAY FERES0] obd 339

€ AYFog aslgicl. AWETL Y FE S
Bhx] ggkes, dHETE 19~794 0] i},

2. Mauy

ulilm oty 2wl 2 Immuno Nuclear Cor-

peration(o] 3 INC)¢] w5 A|okg ol §-3}od}.
Yol 22 9 wae Paelsh BERES 944
= #xbe] A E 10ced ob] 84 FHAte|o
A FE5t 42l 15~25Coll 4 S5 T & ulx
B 1587 760xg* 2 Y4l B sy hemolysis-free
sera® qdodich. olnl AHESE gt ohe EAo
oA shgdepm,

g=1(1,118%10"*)(radius in cm)(rpm)*

760= (1,118 X10~*)(radius in cm)(rpm)*

760
(1,118 x10)(radius in cm)
olm] H7}Eo]} preservative & Mg x| o
o, Ags e AdE fEise FFA A4
Z2ghe}h. ol BA| RobAl ¥ AH(serum)L 3} 156°C
ol 4 Mg, BaA7A Aol olel HHL AYF
A% FodH4E e,
ZFul E &= 3 O standard, bovine osteocalcin
standard(25ng/ml), rabbit anti-bovine osteocalcin

RPM=

(1st antibody), '**I bovine osteocalcin 3} goat anti-
rabbit precipitating complex(2nd antibody) 5-& A4
A2 2}gslg o, o)l EF INCY Kitwel W
Asle] et AdgrlEe d3E fERE 12X
75mm el & AL4agom, o)k 718 FH4L
718t A&’ AFAE o7 A, 2=

Table 1. £ A&l A}-§3 | oke] TH4HE

1. O standard
1% BSA-borate buffer, lyophilized

2. Standards
25ng/ml bovine osteocalcin lyophilized

3. Osteocalcin antibody
Rabbit anti-bovine osteocalcin, lyophilized

4. lodine-labeled
Bovine osteocalcin

Bovine osteocalcin labeled with '**I, lyophilized

5. Precipitating complex

Goat anti-rabbit precipitating complex(GAR-PPT), consisting of

Each vial
contains 20ml
Each vial
contains 1.0ml

Each vial
contains 14ml

Each vial
contains 14ml

Each vial
contains 35ml

pre-precipitated normal rabbit serum, goat anti-rabbit serum, and

polyethylene glycol, lyophilized
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Table 2. 43wty 9 +4

Total Standard(ng/ml) Unknowns
count | NSB
0 [0.78] 1.56 | 3.12 6.25 | 12.5 25 1 2 3 4

Tube number 1~2 | 3~4| 5~6| 7~8| 9~10| 11~12| 13~14| 15~16| 17~18| 19~20 | 21~22 | 23~24 | Etc.
O standard 50 50
Standards 50 | 50 50 50 50 50
Unknown 50 50 50 50
samples
Rabbit
anti-bovine 20041
osteocalcin
8] bovine
osteocalcin 20041

S}BE  2~8Col A 16~244]7+ ZE

500!

Sh7F, 2~8Cold 2 A% A%

760xg o 2 2087 YA xelF, $-fE HAF 47 Tube o AAETL LA 54

W12 244 4 ¢+ Gamma counter(Bechman
5500 USA) votex, pipette device & A}8-3}91t}.
A4 AleEe o2} ¢|(Table 1)+ 2o, o]} A
oh& st 15CoI sl A Lakst, RAFOIE
8 15Co| st 4 Xashl Bok, Al EoE A
A O standard = 20ml 8] £F+3 sl A
2l A 7h2] 15~208-7+8 wha]gket. mlw} 25ng o)
Eo] 9l bovine osteocalcin standard¥ 1.0ml £
FFTEL YT F AAZRYA 7AA 10~1587F
zgteh, ohg BEFAS A7 A =AlA 4 e
Al Al = ol 2] ol 25041 &] 25ng/ml standard
& 250412 O standardol| E3jHéte] 12.5mg/ml &
e, o7l vf4] 250418 O standard & EF
3l 6.25ng/ml &t} E§Hsl uhf o' 3.12ng/
ml, 1.56ng/ml, 0.78ng/ml ¢| 3|4 2]§ =lEc}. Rab-
bit antibovine osteocalcin & 14ml EH-+2 FUF
3 oAl 15~2087F wha|Ele b R4
Goat anti-rabbit precipitating complex+ 35ml ¢
25 +2 %Ysle Y-f-F(suspension)o] FFMA
w7hz] 4.8 F Aol A 3027 whA|ghe}
24 e FASAY LS R A, A
A 5L A 20~25°CE =9lF Table 204 e}
b ubel o] 12X 75ml & felFu g7ld it
t}, Zzte] EHe &) ¢kE A& total count tube
(2001 2] '**I bovine osteocalcin), nonspectic bind-
ding(NSB) 24 50l ¢] O standard, 250412] bovi-
ne osteocalcin standard ¢} 2004l ¢] rabbit anti-bo-

vine osteocalcin .© & %] bovine osteocalcinstandard

g, 50412 #A s} 20041 2] rabbit anti-bovine os-
teocalcin © 2.5 ©v] 2|9 sample-& @+r}. 21F 7+
7Z+e] E.dol| 20041 ¢ '*I bovine osteocalcin & H
7HE AFo]l 4712 GEE R4 F 2~8Cel
A 16~24417F ZH-8A] e}, oh4] BE FHeA 500
#1 8] goat anti-rabbit precipitating complex & 4
& F ofA] 9 RAlA 2~8TCol A 2417 AEA 3
.

o] -2 20~25Co| A 760xg*®2 20%-7F YL
2 & H4EL AASNT FUE FFo] FFFel
v blotdl] ¥}, o] AL Gamma counter & z}H7}t
2] A AEL &3]3}, o] total count tube= 60
zoj 4 EFAge.

Azte] AL ofdll FAlo| & A standard,
control, sample 8] 37 CPM £ A 43} B& A
414 NSB¢ H7F CPM-& ®% O standard 8] =
A9 CPM o2 U-TH %& AP

B/Bo(%) =

CPM of standard or unknown sample —CPM of NSB
CPM of O standard—CPM of NSB

X100

3 cycle log-logit Y} semi-log = ¥ & o] §3}o 3
gEaAdoer FEE 4528 bovine osteo-
calcin stundardell & B/Bo% & FA3%+}h, zH4
o] Aol 7b4 Age AE 28 F, o] EEFAL
714e2 Aol 778 sample o4 JEeld B/BoE
o] BFTA| ] Ysled v =] sample 2] osteocalcin
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Fig. 1. 7+ KIT ¥ osteocalcin 2] 2] EF34(B/Bo)% : FHuW A5 CPM%.

FEE Fopfsp. ojtt. o] EFFAMNA vl 1T LB FE

T 24T A3 44 AU osteocalcin 2

=] o 3 FA+E 4.43+1.09ng/ml o] gl o= (Fig. 2), =4

AbFoll A= 4.384+1.16ng/ml o] i, o=} HAF=

A7 JEgt wy e g FEFT AL Q4 vl Fig ol A= 4.48+1.02ng/ml 24 (Fig. 3) of x| A] o*
1ol 4 Bo|i= 22 44 INCH BEFFA|LA, 7k E=A vebyke},

B, C+ 7z Kitoll 4 12 4ddAe 2FFA T wbeEFESFo] AAdE = 2T AL
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Mean=4.43
S.D.=1.09
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aE

1.00 2.00 3.00 4.00 5.00 6.00 7.00 ng/ml

Fig. 2. Osteocalcin level in serum of Normal
Koreans.

[] Female

2.00 3.00 4.00 5 00 6.00

7.00 ng/ml

Fig. 3. Osteocalcin level of Normal Males and
Females.

F= 194] He] 794 & chekslgled, 3 osteo-
calcin 2]4= 4.21+1.30ng/ml & A Abel9| &R x| KW
e abzh ol vhebskekFig. 4).

Ao G 7o zle|sb FAlRALOR R2l3)
2ol ol 75 B 2)sled T o] AFEALS] 3|
2folof| ztol B kA 7| ¢k T-H AL Al Azl
df=38, t=0.29 24 £-2|8 Ao|7} sdeHdi=n,

+n,—2).

A rLFal 22 EZo] 9AE = 3txpajel g T-A
Ase df=T1, t=0.7724 A §2|& ol 7
dsiek.

2] #2294 gl A (noncollagenous protein)
) =1 Z-2] 3}l ostescalcin
o wletulK 9| 2| &4 vl o=, Fepwialo] oF
3% AEE AASH RO Yol slE
y-carboxyglutamic acid
(Gla) & ke x
tamic acid protein % BGP, o™ osteocalcin &2
AR o] gheptow, odxpd o 2 Hauska' 5ol 2|
A4 gwol 4 Price™ 5ol AL 49k

224 bone y-carboxyglu-

Pt.

i ]

6T Mean=4.21

st S.D.=1.30

ot — -

3t

2L

b

L [TT] []

1.00 2.00 3.00 4.00 500 600 7.00 ng/ml

Fig. 4. Osteocalcin level of suggestive Osteopo-
rotic Patients.

Z|ol| /] Poser, Peterson'® 5o A= <elzbol| 4 2}7]
S ELELS

Peterson'¥ o] 2|s}w osteocalcin & 4} & v} & F

B9 Falolol| zpHb-L(cross activity)o] vl &}
AL, ol &8 HAME-EE o] &3 Ao Haw
o ol Mmool gheb. Zoll 23w 49 &hAl
+ olzb, W, 31eko]2] osteocalcin 3+ Wzpub-SS
gk dbd, rat+ 719} mouse oful WAEZ0] Q)
oz s,

o] 2} &} osteocalcin 2] 4 A& Lian'™ S| 2|sjut
A a2, g2 sHwdlg AddE Fihy
microsome Wol| ®]elulK 2] £4 carboxylating sys-
temo] gl29, o]
y-carboxyglutamic acid 2 ¥ 34| 7] = AL Z=9335]
of, o] microsome o] A4 242} s5}¢dct. = Nis-
himoto'® &= #|&] &-§o}%(osteogenic scrcoma) 9|
A wlebalK o &4 whaf o] A4 o)y Fod sl
eh. 2ol osl| 4 o] 9| FFopFollA fEl
clonal cell o] 4 ostsocalcinL Halgk = 9l =7t
Wl AHg shed, THoHE Al Tfell 4 202 im-
munoreactive component 7} ] o] Ae] A T =
FEQol2hL 59k, olF st AW e osteo-
calcin 3 4% 8 AoAAFGH opao] 22, o
2 dhe Meh & gk ske, F9] osteo-
calein Xopi= Hul R T2 A 7of Fabd oralg s}
Al 4302 of F22 ol AT ATEA
ebil Fabsiolet. o| ok ZFe] osteocalein & Fu) o
Gggolx ol e ZAolh, WAWlA ol %
ozl o] ohgl 3y},

Osteocalcin & 542 Price?® Fofl 2|slw 370 ¢
y-carboxyglutamic acid & #hfslv sl A2 4R
zleko] 6,8000] 3., pH 3.7 4 isoelectric point 7}t
gl 0w, hydroxyapatite ¢+ 7+s}lA] E-2hslv}, amo-

rphous calcium phosphate 2}= $-2tz] otxw 24

o

peptide oll 4 glutamic acid &
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ey qle] 9l 323} Lol 4 & hydroxyyapatite
of el 725 dAldgel Ak FAsIgct. o]&
slepRlK 9| 24 whfdo|s, ZAF & A} E

9] gekg wh=tia dgdch. Price™ & Q7 &
AWl FE7} 45ng/ml o, Lol & vo}pA]
200ng/mlell 4 A %53t 47t 53§ o | 26ng/ml 3
EE Helthn 9o, o]k AAEY 449} &
Ashod et

Grundberg'’ + ©] 2] &} osteocalcin &] 2 & uly] 4}
o ol 2A, 2 A4S A, £ Azrt 8
INC % Seragen | Kit-$ ®lx o T3t INC 7}
oF 40%, Serageno| of 10%AE Al &2 = gle.
v, y>0.90] 422 ulaa f-A}sbeba shgivh, =
Grundberg' + osteocalcin o] circardian rhythm o]
et skgiel. 20~30w ¢ A U=t 67, o=}
43, 30~604 HACR NF sl 2447 Fat
o] WslE &Ag Az, oMA Aslstx, ¥
2l ASslgieirl whFell Haxel =Etge
=, o) &zl Zgolvt F g, o] Ldkd Une
Rasche sgch.

Price’ & ©] osteocalcin o] FF-F4]ol| A7]=
2713 =AY feliols MES ALEIA )
s Jehdela Fasiget, old g #Ae A4
Foll wafarin-& FJA], 3417 o]} &F osteo-
calcin & 2}3+3 of4lo] y-carboxyglutamic acid &
bal Helol A ke Heh2 wskse, 847 ol
= $2| 3 osteocalcino] EF y-carboxylated 5 2
& u] A4k 4] osteocalcin & F7] A2 FF2 gt
Hol ohieta shgiet. & T AAelete FA
= A7I7t wafarin 2| & & W& #ol vEllKE ¥
o18tm 1547k o] Well & F 9| y-carboxylated ost-
teocalcino] A 4lo 2 Eol o Ao &) Zwxr}
= asieh A9 WS F2 A6l dann o
gom, o)A FARE ] osteocalcing FALE
AL Lo AAarse | AR ES APy
Ale 4470 #E55Est 8l AT A=ty 4
det. dHE BWA T wFo] = A 7%
Axelil slglet. I+ osteocalcin W & y-carboxy-
glutamic acid ] 92 hydroxyapatite o] 7}+-# 3}
2Astel B 3 A Bekn sk,

vpololl w2 wi3l2 4= Delmas* $o] F23} upo}
ol volol SE FE4S Z7b AalA, FHA
o] Aslalzl, L ol E2| H¥A ztgalxst BB
M 3lrl. Delmas = 30~944] 712 2] 1749 9] o =2}-=
ZA 3k, olo| wiel 30wl A& 4.4+ 0.4ng/ml
oAl4, 90 2] 8.940.9ng/ml & Zr}gbcli B 13}
ek, ol B =zl mbabAshql 4.48+1.02ng/ml

o} R-AFskg vH(20~300 & wl w4},

olelgt volo =& wWsle, Fo FIEFES
Astol WA sk, BEFY AR HE 2P hy-
droxyproline®} 57} 9 F¥ 49 A E7} 5HE al-
kaline phosphatase 2] 2] d}l2}% w]al ghclr 54},
FFTY A4 FATY kA wEE= osteocal-
cin® ¥Eol M5HE FAHA, Nordin'™& =7
A% BREZHANA TR A
el YA wA AstRele FREFY Fohd
ogheba aholch.

%t Delmas® &= 6258 A 7% FE2L 204
9.7%¢%ke] F7Het dgivh. =F Brown® F-&
26 HAAAFE F2E3NA 7.0+£3.3ng/ml 2
AR g e, 89 &4, 34, Y45
SHe BA7E el FEEHCl UF BAY, AE 9
ol A v Ao g Jelht wskrb Qo shgdel,

Epstein® & o] 2} Ao & o)} glctm
st 0m, 30~904] hol 8l 11698 AR Wi B
A sk vhol7k ZAUES FAHBAL, dal4) ¢
Auch Frhz wagch,

2 A2 ASHAAE dolq Qe 2HA
ke 2o} ozt EA] b wlsgt oAb
+ 29ov, BAGA o2 2 Aelst glsieh

Delmas® == 117]| 5| @& osteocalcin 2| 2] w3}
% 23390 6299 ALAE BAIA SHT
Azt AFAA £ 1.73m?Alol] AT o =-go] 20
ml/min o] s}e] A1}, 150ml/min o] AFA]el v} ¥ 8} 7}
A7lepaL stges, AE L FEFEY AF-AA
o] v}Eb= osteocalcin & E7F= AlvfA 2] A ol
e Ashrt ohleh Fohae] BrbelFolebn 77
stedoh.

P o R ZARY BT Wl o o8
A z2Eo] XuF I glc}. Deftos® - 5832
PR YIFEY AHE 2P ol
% paget A 3to] 8dl, ¥4 24 slFAS
o| 254, renal osteodystrophy 7} 253, gt FA
of =}zl 5l 24 BE AZFA FFEsf
% 7}élt Paget 3k=}oll 4] salmon calcitonin o] %
Al AT et Y FAA JisE
A% B2l Yol AL A7 B4 dRue
gtom Babaty A sFdl= zk4£5 %}, Renal
osteodystrophy A] = EXFd| % Zzbxiql wisle
Adet

Price? = 10972 A4elsh 11299 4% A3t
zol| 48] P ES EAs AT HA
6.78+2.0ng/ml o], Yz} 7.8940.32ng/ml =
oJ2} 4.8540.35 8.t} Febn M wshelich 2 7ol
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A Paget, TAlo], Y34 F3hAd7] 5304 ¢
renal osteodystrophy A1dll & Z7hgtebi 3lg e, =
% £-9| alkaline phosphatase ¢b&= vl#l 2] v
&l et

Slovik™ & 2509 9] A2 E e a4 ¢
Y555 E S8, AR AY THF F€H A
Fea s W 3, Bxhadrlsaal
%32}, Paget &2}, FAol ¥ 8% L 3l
Ae F7HE G, 1Ay FAE AT dAE
ol v} A% =4 FTRAAR=, FAF 3hEHA
sdolu, upd e o 3HF 2837 32},
Aol A gle WA Azbaie] A Ao
Hehdek shsleh

Grundberg® 5-& 283 ¢ wbF 24 =329} Pa-
el HFEEE 286 MzG iy, BEE
FAl e FAsk fAg 2ol 7h g1l 2, Paget &2}
Al Aul o 3 HE Frhgeln shgich. o] AH¢ o
2] A z}5¢| Baol| 4 e} 7o) osteocalcin-& FoH A}
o} Fedgls AZANA Fol4-g ulztgt 2 FE7F H

.¥

A H(immobilization) o] &%t wE-FFLF o

ol & (pathogenesis) ol] & A& ofA] 2H4lF] urad |

A ggrosk, A7 A% A= gk,
7| osteoblastic activity+= A Alo|v}, osteoclastic
activity 7} 718k 7%, &4 osteoclastic activity
+ AAro] Y}, osteoblastic activity 7} 7+AJF 73-9-,
As Er} BT S 7}8}= 8l osteoclastic  activity 7F
o Frtsled EERFSe] Jelve Afoln. v
Faz450] A= Rpll 4 Folal X4 4
5= osteocalcin & ZAgFo 24 R} 7] ¢] ¥q)
28 B oML WU Aol & 243
3lg 2y Brown', Grundberg® 2] 7 3lol] 4 &} 7ro)
HEFRET) AsE Aol Ae B4t K
o3 Aol7t W FEREEF Iz F5AldE
osteocalcin o] FuA}¢| ulzkgt = #7F A X
Roeg Az, &3 A4 398 dFrExe
Aopele] Asbeh fApsgom, izl A bt &
Al Jebgte,

ol dTelAw Ao, A T2F
ol e Ztxiel Follol| AEgE F= A3Fo
A1 2] osteocalcin 2] 8] AT £ W&ol 4 ATF
up 5 x| Alell A ol Ao},

& g

agFel W, 474 2094 =4 4095, 3

A7 o2 9l wlFF45(disuse osteopo-
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rosis)o] &A1= Fajell 4 INC | wiaj= o gha
uly] & o] &3} osteocalcin & &3 dto, A E
Taha, =g AT A 2Eg w2l o
+3 e AEE A

1. A4 709 H T3+ 4.4311.09ng/ml o]
gich.

2. JA t=te) 2| 4.38+ 1.16ng/mle] L,
o 2H= 4.48+1.02ng/ml 24 o =l A4 oF7F ¥
Al ek o, FAIEA FojE el Als

3. AAZE 2ol gt T EES0] AHE
ghzjol] A 2] HFA) = 4.21+1.30ng/ml 24 §-F <)
A Hialel F4g zHelzb ¢lgivt.

4, FQ AT HFAE Aopqls wjitez
Z A% INCS s3] 4.20+1.20ng/ml s} 2%
ato] 7b gl sl vt

5. A8H 2 g4l osteocalcin Atz & A
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