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The Changes of Osteocalcin and Procollagen Carboxy-terminal
Propeptide on Healing in Canine Fracture Models
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Abstract : The purpose of this investigation was to examine the effects of osteocalcin (serum bone GLA-protein,
BGP) and procollagen carboxy-terminal propeptide (PICP) on new bone formation of canine fracture models.
Serum osteocalcin and PICP were measured by standard RIA. The values of osteocalcin and PICP in the non-
union and delayed-union fracture models were measured biweekly for 20 weeks in 14 dogs. The unions were
radiographed for fracture healing. In non-union fracture group, the activity of BGP was markedly increased at four
to eight weeks and decreased at twelve to twenty weeks and the activity of PICP was markedly increased at two
to six weeks and slightly decreased at sixteen to twenty weeks. In delayed-union fracture group, the activity of
BGP was markedly increased at two to eight weeks after treatment and maintained for the level until twenty weeks
and the activity of PICP was markedly increased at two to six weeks after treatment and maintained for the level
until twenty weeks. Radiologically, non-union group was not achieved until twenty weeks after fracture,
delayed-union group was successfully achieved in eighteen weeks after fracture. These results suggested that the
activities of osteocalcin and PICP are useful parameters for biochemical markers of bone formation in dogs.
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Fig 1. Changes of osteocalcin activities of sham operation,
non-union and union fracture model in dogs.
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Fig 2. Changes of PICP activities of sham operation, non-
union and union fracture model in dogs.

Fig 3. Serial radiographs of uinon fracture model in dogs.
(Weeks after procedures)
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Fig 4. Serial radiograms of non-union fracture model in dogs.
(Weeks after procedures)

FAF 71 FAL Roltrt 14, 1650 =
FEAT, 18, 20580 ol U= FHETL
BACHFig 4).

i

m.)'l_l

AR WSk S4ske e IEAA FHe e

kel 559 Hgx) A59) AP QHE o=t v
< a3 aHo] "l

Bone y-carboxyglutamic acid protein (°]3} BGP)SZ:E
LA osteocalcine 4672 opm|i=bo 2 o] Fo7] Ak

o] 49KdQ) ¥ZYA peptide® Zgol Agshe ofujeat

F94 gamma-carboxyglutamic acid(GLA) Z71& 37) 7}
A3 Qo] fdskA Zay AR F e ohulAtem o
Eqﬁ %E}24623.

Price $2& pH 3794 isoelectric point7b <o,
hydroxyapatite®} 748} #2tstvt, amorphous calcium
phosphate®= 724 &3 Zgolvt Qlo] fle s} &9
o]/} hydroxyapatiteo] thal] 743 oA Q&) it B
I 3Pt ARtllAl BGPE 24X F2t 30-60% HE2
2 AFste Wss 243 44 477149 gl dtke
Bz Qg ol#e 4F714 2le-2 ol Ak &
T 2AYel st BEe) iz deigie
o|23ld Zgoht ol23td <di= FHEsIT E3 4
2] qlrponiedl o] Ade) oM olHd He At Fed
I A3 A7 23 9-10 Alojoll FYUF AT NA A
A E uf & FAELE g

Osteocalcin YWHd oz A 2 FFEF7F HHg o
FIL UE oM kAl & dAge] XF7 E F
JE Ao dHA e, ek thily FHFot A3
thEssF 2ol Byl AN Zfele F¥Ae A3t 2
AE Aozw GHA QYepHorn H2 gsteocalcine
A &o] T/ ARl A

HF, A 7s g E, T

¥e
4Py
z
ok
T
N
s
£
~

olF f3} —\)

AsFEd 2 9 28 Bo W e R MW—E 7
Al Rog dEA QqrPeB, Kl osteocalcin 2173l
A APt HeR 53] AR A2H8(GFR)] 40 mi/min/
173 m? o|&t2 Zhaod AR A ZuiAle daglol
d5 osteocalcinx| 7} vl YA 5 = Uvke F4 A
F714 & A 714 g2 st 5 3 2 H
of d Algo = gz quponie Al glojr HF
osteocalcinX|= AlE710l] Fe] gat o8k FAg e 7
F7kER, Gl QoA HA Fof FUIHAL o4 T=E
AE Fo PgiEe AR dEA S A AR
I e RIAY oM = 29) osteocalcing TP T 3lo]
A A7) A7 AR 22 A} T4 osteocalcindd 3L
ZF ¥-g SR )R] FHAPEEC] 49 osteocalcin®
FH At B3 HEIEZ o)43ia Qo] Tl WE =e)7)
AY 7S 9y A BARS fd3E F e AAE SR
3] 7FA 2L ot
o] A¥ol glo] AWF FAH T3 vzl oM
AF Atz X9} A7 A3 mE Wst FA% 205
W 8 o2 #stE UERAR] odske Wak ol EAIA
o2 Aud feoA v WHsE EAE & ik 2y
v Z3EE g A2 F A JoiMe FE ¥
vlwA ABZe) FAgdo] e A7IQ 2-105 B9l o]
A A A dix zol vistd 247t 32%, 67%2] w9~ e
4 e A eI U B8 FE] 4dS &%
ool QoM 8 f2 125 9
L ojF 4 W YolMe
s o8 et o)2gh
osteocalcin®] A9 A4 W z}z & FAie A
23 w¢ A7 e Ao Q7R ) g o) A
Hofx] ARSI RIAS] 54974 FASo] Ixele Y o
A e mer] ol® A EL osteocalcin®] HH|E lla]
I ol A= AFUE AASA =He oM T FF

N

N

b
o

U

A Fo) B3lEe £89 osteocalcins WHEX] o TR
R= *ﬁ“ﬂ osteocalcin®} BFS-& 4= Qiui= Azl YFo
2 EE F o] 2 A olgHE osteocalcm%}—ol u}
U gE=A] S #ejrs 8 o g Foljof g HEEo]
T},

ZeH Slo|ZEAZEY, SPo|=EAZA Fo| FH-g
A g ololn A Febdo] e Zz 225
A9 HE F 5218 wkeo) o8 FAAN o)F =
gAe Z7)d 34 AEY YREL ARske WU v

olEz dFoR WE Ht PICPE 2¥4E 2 wkde 3
olghe dld¥ g, e F¥Y BAREC] F 3;;—-?01] o]
M= FFS W 27120 F1d A8E FoHE
o} 71l me JEe we ¢ e Iskri PICPE &
A e WGEER Seldo] & Aolghe olEXY o
Zo] FAIA] o] ATAES] Falel aideltep 0,

@ A s TS 949 R4 7l PUEE

>.z.

—




Ao} =48 nded ZAHR)4<) W Osteocalcin 2 Procollagen Carboxy-terminal Propeptide®] 3t 409

AR ZASA 83 PICPZE 27 Fejshd AAMS Ca
AT AF-E o83 IS THS AP AT Adsel
B3 SRl 2 gRFe] AS A 9% ATl
X 284E0] F7 HASAE 78k €% PICPE e
dths Rax oy ols A 7% @l Hla)
PICP @] AA7F S7HE7] Wed] Aoz 4 €t

% 328 Ay Lollae= €3 PICP7}F g} ok
7t A% BEE R § F7F H3 53] g F 3R Fol
273 PICPY] ®isp} X5 & oY, 17098 A7 &=,
FAEe} v Fo] B HUTi2s. o2 Aie 4 2=
29 A8 e ddsted oi$ #83 PR A
gt

ES A7 Al 13 YL FoRERNE #HjE &
o] EAlshs B9 Zpgol ofste] EelHo] Hr} 4
ok Fee] fibrilR Bldhe 210 dEA gledl, of A
*] N-terminal extension peptide?} BolZ1}7}, procollagen
sarboxy-terminal propeptide(PICP)®}  procollagen amino-
eerminal propeptide(PINP)Z -2 A&3tna ojme]
PICPS] Z402 AT e AxE & 5 vt
o] Agol Slo] FHE L A F P2 =
28Ze] gAo| AT AZIRL 2-10F Tl
A tizX)el] vlsted 2zt 39%, 127%2] i+
A4S e ok B3 FHo] 9 /e
2 ®g A% 2ol SloiMe 4§ 127 o] F,
At v {32 olF A Il JdolMe 7t
FAE AL Ak 22 veidth a2iv s 3%
Z Fae gz dore 4F A iz A A
o w& Wslyb 4% 207 W 2 ohe HakE veiA
AR Wk opzt BAFoRE owdt {4 e Hst
g A & giicth oleg PICPS] A@¢] 20 wWe
Zzh g Ade AEFH ue A7 e Aes Azt
gof k. 2y A7EA o)F o83 YdATAME o]
oMo} o] dPRIE 0|83 Aok tEA Al
qog 1 duzrt we ZeF deid Urh A PICP
Z70] o2 BRI Bk AAR o A &
d3olM FEAS oAWIEA WFEA Rk olfell i3l
ME, PICPY] 8% w27t 29 748 2 e 4%
SHAl wredskA] Zsbr] diZelghs olf7t AAEL =
BIAYE of27lA] BERE o] ofel-e, e g o] Fio
ek o we A7 s ojor & Aot

w2a o] AgeA e FERYE 0|83 osteocalcin?t
PICPS] WHsh= AAZo FAol wet vl fold 235
HeRtR 2le], osteocalcin®t PICP7F 2344 9] Astehz
E2A 2 {§8740) sle 2o Az, a3y A&7
dH7 ZAPEES AL F U oud e AxE
T FH Fold] T F trpESM AAE Il o
3 A3 Bolde A uidsiAle RetEE R
33 FYY F=E D7) M 7 o] ZEFe A
et FEA BAAL Meo] Zast & Wx HA §

K
do

o

% 1o,

%
o3 oz ol

A
2
X

A W U o

o T

A BE5E Wi MEstel A 2ol gojol I A
o= AztE.

4 =

z2Z3 7 24 model2 non-union FZF} delayed-
union FAZ E7F3l] 5% &HFo)| delayed-union F
AL, 45 ¥Z) nonunion ZTES HFLAF|L
osteocalcin®} PICPE Radioimmunoassy'iH 22 =74 3}l
Z4 modelE T AN ARLE Zh Zh 2F0l|A 25 A
o= 20 F7+ Y3l o 2 AHE AU

Non-union group

1) Osteocalcin®] BAAE 45704 8571 #A3) F7t
97t 127 olF 205 7HA ZAEIT

2) PICPY] &%= 2-65 Alelol AAs F7hetictzt
165 o1% 207717 g AT

Delayed-union group

1) Osteocalcin®] BAX|= 285 Alolo] AR5 Z7} &}
Ao, 107 oF 207K E 57 755 A itk

2) PICPS] AX& 2-8FAleld] HAE] F71 s3lem,
105:01% 2057 571 755 FA8tTh

3. ERARAARRLE 120l SlolMe 2 F 2077HA] A3
=R ekgkon, ol UelAE 250 7HEe] FAE7)
AAE 670l 10774 st AAZ 38 F 1850
AT {3 olFUt

olde] Aike FHA AAF A WE osteocalcint
PICP Z321e & 84 A3 Ax=A 483 77t
e Ao AzhEn,

e

#1028

1. Behr W, Bamert J. Quantification of bone alkaline
phosphatase in serum by precipitation with wheat-germ lectin:
a simplified method and its clinical plausibility. Clin Chem
1986; 10: 1960-1966

2. Bouman AA et al. Two bone alkaline phosphatase assays
compated with osteocalcin as a marker of bone formation in
healthy elderly women. Clin. Chem 1995; 41: 196-199

3. Brawner RW, Daniel GB. Nuclear imaging. Vet Clin North
Am 1993; 23: 379-398

4. Charhon SA et al. Serum bone gla-protein in renal
osteodystrophy: Comparison with bone histomorphometry. J
Clin Endocr and Metabol 1986; 63: 892-897

5. Decker B, Bartels H, Decker S. Relationship between
endothelial cells, pericytes, and osteoblasts during bone
fomation in the sheep femur following implantation of
tricalciuphate-ceramic. Anatomical Record 1995; 242: 310-
320

6. Delmas PD et al. Effect of renal function on plasma levels of
bone Gla-protein. J Clin Endorcinology Metabolism 1983; 57:
1028-1030



410

7.

16.

17.

. Fishman WH. Perspectives

. Hauschka PV, Steven AC. Calcium-dependent

g -

Dura RJ et al. Cuncurrent assays of circulating bone gla-
protein and bone alkaline phosphatase: effectcs of sex , age,
and methabolic bine disease. J Clin Endocrinol and Metabol.
1988; 5: 951-957

. Ebeling PR et al. Utility of type I procollagen propeptide

assays for assessing abnormalities in metabolic bone disease.
J bone and mineral Res 1992; 7: 1243-1258

. Epiksen EF et al. Serum markers of type I collagen formation

and degradation in Metabolic Bone disease: Correlation with
bone histomorphometry. J Bone and Mineral Res 1993; 8:
127-132

. Epstein S. Serum and urinary marker of bone remodeling:

Assessment of bone turnover. Endocrine 1988; 9: 37-449
on Alkaline phosphaatse
isoenzymes. Am J Med 1974; 617-649

. Front Dov et al. Quatitative bone scintigraphy using SPECT. J

Nucl Med 1989; 30: 240-245

. Garnero P et al. Measurement of serum osteocalcin with a

human-specinfic two-site immunoradiometric assay. J Bone
and Mineral Res 1992; 7: 1389-1398

. Gregg PJ et al. Scintigaphic Appearance of the tibia in the

early stages following fracture. Clinical Orthopaedics and
Related res 1983; 175: 139-146

« -helical
dtructure in osteocalcin. Biochemistry 1982; 21: 2538-2541
Hendrix PG et al. Enzyme immunoassay of human placental
and germ-cell alkaline phosphatase in serum. Clin Chem
1990; 36: 1793-1799

Hirano K et al. Specific assays for human alkaline
Phosphatase isozymes. Clinica Chemica Acta 1987; 166: 265-
273

2y%e) - 7

- He

19.

20.

21.

22.

23.

24,

25.

26.

27.

- HlH

ot

Holmberg S. Thorngern K-G. Preoperative 99mTc-MDP
scitimetry of femoral neck fractures. Acta Orthop Scand 1984;
55: 430-435

Hyldstrup L et al. Non-invasive evaluation of bone formation:
measurements of serum alkaline phosphatase, whole body
retention of diphosphonate and serum osteocalcin in
metabolic bone disorders and thyroid disease. Scand J Clin
Invest 1988; 48: 611-619

Kj&rsgaard-Andersen et al. Serum alkaline phosphatase as an
indicator of heterotopic bone formation following total hip
arthroplasty. Clin Orthop and Related Res 1988; 234: 102-109
Leung KS et al. Plasma bone-specific alkaline phosphatase as
an indicator of osteoblastic activity. J Bone Joint Surg 1993;
75-B: 288-292

Price PA, Nishimoto SK. Radioimmunoassay for the vitamin
K-dependent protein of bone and its discovery in plasma Proc
Natl Acad 1980; 77: 2234-2238

Price PA, Parthemore JG, Deftos LJ. New biochemical marker
for bone metabolism. J Clin Invest 1980; 66: 8§78-883

Risteli J et al. Radioimmunoassay for the pyridinoline cross-
linked carboxy-terminal telopeptide of type I collagen: A new
serum marker of bone collagen degradation. Clin Chem 1993;
39: 635-640

Saggese G et al. Effects of long-term treatment with growth
hormon on bone and mineral metabolism in children with
growth hormone deficiency. J pediatrics 1993; 122: 37-45.
Wilkinson MR et al. Serum osteocalcin concentrations in
Paget's disease of bone. Arch Intern Med 1986; 146: 268-271
Wauthier RE. Involbement of cellular metabolism of calcium
and phosphate in calcification of avian growth Dplate
cartilauge. J Nutrition 1933; 123(2 suppl.): 301-309



