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IGF (Inaulin-like Growth Factor)

ogteocdcin, IFG, TGF (Tumor Gro-

wth Factor)
1~35,6)

17)

(male)
Ketamin (40~80 mg/kg)

10,18,19)

13.14)

4,12)

Sprague-Dawley rat 37

Xylazine (5~10 mg/kg)

2 11 mm K-wire
(Fig. D).

20% (4~6 mm)

(ar saw)

3 genatamycin .
25 Growth Hormone (recombinant human
Growth Hormone, LG ) 150 microgram per kg (4
I.U = 25 mg) 1 mm 8
12

Fig. 1. Bone defect at the midshaft of the tibia was made
and fixed with externad fixator
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K-wire . 48
1 mm . 1 mgm MTT
3 mm .
(Bone minera density:BMD) DMSO 570 nm
(Somastom Plus-S, Simens, Ger- (Bio-Rad Modd 550).
many) . 3) Alkaline phosphatase
ROS 17/2.8 aka
Student's t-test line phosphatase activity 100 mm?
p<0.05 10* odlgml 5%
5 1, 25, 5 IU/ml
akaline phogphatase
LGCI (Eutropin) 5 .
. (FBY) PBS 0.1% nonidet
DMEM  Gibco-BRL NP40 Tris buffer (pH 7.6)
, RT-PCR Perkin-Elmer total alkaline
Sigma phosphatase activity . Alkdine
phosphatase activity p-nitrophenyl phosphate
1) p-nitrophenyl
ROS (Rat Osteosarcoma) 17/2.8 405 nm
American Type Culture Collection (ATTC, Rockville, MD, 4) RNA RT-PCR
USA) . ROS 17/2.8 osteo-
Dulbecco's Modified Eagle Medium (DMEM; Gibco, cadcin mRNA 100 mn?
Eggenstein, Germany) . 10* cdlg/ml 5%
10% heat-inactivated fetal caf serum . 1,
(Gibco, Eggengtein, Germany), 100 U/ml penicillin, 100 25,5 U/ml
mg/ml  streptomycin osteocalcin mRNA
: 100 mn? 5 :
7,500/cm? Guanidinium isothiocyanate totad RNA
5% CO, 37 CO, . , 40 Wl
48 1 pg total RNA,
. 6.25 uyM  oligo dT primers 500 uM
2) dNTR 50 pg BSA,10mM  DTT,05U RNAsn
MTT (Perkin-Elmer) . 65 5
200U  Superscript Il RNase H
. ROS 17/2.8 30 mm? a2 5 :
10* cellgml 5% 42 55 4U RNes
7 . H 37 30
1, 25, 5 IU/ml . PCR 50 pl

1,3 .,5.,7 .9 .1y RT diquot, 10
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Fig. 2. Anteropogterior view of radiograph showing abun-
dant callus formation at the medial and lateral cor-
tices of the tibia and hypertrophy of the midfibula
8 weeks dfter surgery in group treated with growth

hormone
dNTPR, 0.8 uM primer, 1.5 mM  MgCl,
25 units  AmpliTag DNA polymerase
9% 5 , 35
cycle .Y 4 52 30,72 :1
72 1 extenson . PCR
1.4% agarose ethidium bro-
mide
One way andyss of variance
(ANOVA) Dunnett's test
p<0.05
1
8
25
2
(Fig- 2 23
12
(Fig. 3).

(corti-

Fig. 3. Anteroposterior view of radiograph showing scanty
cdlus formation only at the media cortex of the
tibiaand no hypertrophy of the fibula 8 weeks after
surgery in control group

calization)

362 g/mm?
259g/mm?
(p value=0.023).
3B
mm? 337 g/mm?
(p value=0.46).
613 g/mm? 487 g/mm?
(p value=0.002) (Table 1).

27

(Fig. 4).
Alkaline phosphatase
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Table 1. Dataof Bone Mineral Density

No. B.M.D. (g/mn’) B.M.D. B.M.D.
Control GH Control GH Control GH
1 296.4 411.2 1824 2086 435.1 699.3
2 1731 3388 3458 532.1 444.2 699.7
3 484.5 276.3 1383 421.26 552.2 605.4
4 1721 3617 4218 1777 588.7 587.7
5 3204 3424 160.2 412.6 512.3 662.1
6 455.6 3315 105.7 3638 2395 557.8
7 274.8 294.1 1436 556.1 587.2 537.1
8 503.7 2709 219.2 3531 557.9 539.7
9 302.6 368.7 3017 2194 3435 8275
10 563.1 431.1 354.4 210.2 609.8 617.5
11 261.9 500.3 342 174 547.2 623.6
12 241.7 2323 4025 328 430.8 407
13 438.6 1087 4875
14 3205 4137 525.9
15 283 296.2 460.2
16 2159 241 870.3
17 207.8 634.8 603.7
18 2931 1013 465.1
19 294.1 463.3 619
20 2718 460.8 567.8
21 316.4 607.8 591.1
22 217.1 407.6 760.9
23 287.7 474.3 536.4
24 466.9 522 619.2
25 5731 368.8 865.4
Mean 337.49 33381 259.80 362.29 487.37 61348
SD 13159 92.66 11323 152,63 11222 120.71

B.M.D.: Bone minerd density, G.H; Growth hormone, S.D: Standard deviation

5 Oseocdcin - mRNA 5

(Fig. 6).
(Fig. 5).
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Fig. 4. Cdl viahility of ROS 17/2.8 cdls during 9-day
culture period. Cell viahility was determined in
duplicate by MTT-test of the adherent cell fraction
of with/without GH at every other day intervals.
Data are expressed as the absorbance measurement
mean+standard error of the mean of three inde-
pendent experiments.

7,11,15,16)

, 1 , dkdine phosphatase, osteocalcin
89)

IGF-1 IGF-1

15,16)

(target cdl)

, ROS 17/2.8

Arbitrary Unit

o

o

05

04 r
—T

3k

2r

01

O 1 1 1 1

0 1 25 5

Growth Hormone Dose (IU/ml)

Fig. 5. After 5 days cdll culture incubation with GH isable

to increase akaline phosphatase activity in ROS
17/2.8 cdls. Vaues are the mean of 3 different
experiments and are expressed as ratio of protein.
p<0.01 a paired ANOVA datistical analysis was
performed, followed by Dunnett'stest.

Osteocalcin

GH.(uM) - 1 25 5

Fig. 6. After 5 days cdll culture incubation with GH isable

to increase ogteocalcin MRNA expresson in ROS
17/2.8 cdlls. Data represent the mean=SEM of the
densitometric quantification from duplicate experi-
ments. p<0.01 a paired ANOVA detidtical analysis
was performed, followed by Dunnett'stest.

alkdine phosphatase
ogteocalcin

Insulin-like growth factor ~ Vitamine D
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IGF-1
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___ Abstract |
#

Effect of Growth Hormone on Osteoblast and New Bone For mation

Hae Ryong Song", Young Jin Kang?, Ki Churl Chang?, Seong Chang Yeon®,
JaMin Koo®, Hyeon Hui Kim?

Department of Orthopaedic Surgery", Department of Pharmacology?, College of Medicine and
Institute of Health Sciences, Ingtitute of Animal Medicine®, Gyeongsang National University

Purpose: To evaluate effect of growth hormone on osteoblast and new bone formation.

Materialsand Methods. Bone defect of the tibiawith preserved periosteum was made and fixed
with externd fixator. Intramuscular injection of growth hormone for 8 weeksin experimental group
and sdine in control group was performed. New bone formation at the bone defect in radiograph
and bone minera density (BMD) by quantitative computed tomography were evauated at 8 weeks
after surgery. Rat osteosarcom cells were cultured in both group to evauate cell viability of
osteoblast, alkaline phosphatase activity, and mRNA expression of osteocalcin by RT-PCR.

Results: Experimental group showed more callus formation and higher BMD at the bone defect
Ste and the digtd tibia compared to control group and there was significant difference. Proliferation
of osteoblast, alkdine phosphatase activity, MRNA of osteocacin at 5 days after culture were
significantly higher in experimenta group than those in control group.

Conclusions: Growth hormone has positive effect on osteoblast and callus formation in vivo
and vitro studies.

Key Words: Growth hormone, Bone defect, New bone formation, Osteoblast
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