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— Abstract

THE ASPECT OF PROLIFERATION AND BONE NODULE FORMATION
IN OSTEOBLAST-LIKE CELLS DERIVED FROM FETAL
RAT CALVARIA IN VITRO*

Shi-Hyeong Kim, Soon-Hyeun Nam, Hong-in Shin

Dept. of Pediatric Dentistry, School of Dentistry, Kyungpook National University, Taegu, Korea

The purpose of this study was to investigate the aspects of proliferation and bone nodule
formation of osteogenic precursor cells. To determine the effects of ascorbic acid and dexa-
methasone upon capacity of osteoblast proliferation and bone nodule formation, cells were
maintained in the presence of one or some of these additives for up to 30 days. Group
I culture was maintained in standard medium(DMEM plus 10% plus antibiotics), group
II was maintained in supplemented medium containing dexamethasone, group III was main-
tained in supplemented medium containing ascorbic acid and sodium-B-glycerophosphate,
and group IV was maintained in supplemented containing ascorbic acid, sodium-p-glycero-

phosphate and dexamethasone. Morphology of bone nodules was observed with light micros-
cope and electron microscope.

The results were as follows :
* Proliferation capacity of osteoblasts was not affected by single use of dexamethasone,
but it was chiefly affected by ascorbic acid.
Cellular morphology was fibroblastic appearance initially, but, it was gradually changed
to polygonal shape accompanied by confluency stage.
Pluripotent mesenchymal cells existed during primary culture, they were differentiated
to adipocyte, chondrocyte, osteocyte according to culture condition.
* Dexamethasone increased bone nodule formation under the condition that the culture




phate.

thasone addition.

Dentistry in December 1996.

was maintained with supplemented medium ascorbic acid and sodium-B-glycerophos-

* when the cultures were stained with alizarin red, the group supplemented with dexame-
thasone, ascorbic acid and sodium-$-glycerophosphate showed the marked increase of
bone nodule formation, but the group supplemented with ascorbic acid and sudium-p-
glycerophosphate revealed only small amounts of bone nodules. And the groups cultured
without ascorbic acid showed no observed any of bone-like mass independent of dexame-
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e, ¥=), amphotericine(Sigma, ®|=) < 3
7¥stdct. 716} trypsin, TLCK, glucose, bo-
vine serum albumin, alizarin red, ascorbic
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FHFHAE AMES R o™, 2 well'd 4X10°
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&§7]4l] 2.5% glutaraldehyde %20 2 30%3t
HIAs 1% 0s0, S99 o2 1A T A3
g AGYER @53 T Epon8l2e] XEw)s
At & ~U]"ﬂ””‘qﬂe o]-8-3t4 1um F
A2} P AS A3 1% toluidine RASE
GME F ARRAE HAG e zojAH
H71E o] &3l 60nmTAY ZEEHES v
£} uranylacetate-lead citrate ©]% 3483}

o] 7ol 9

0

—n

r

H—600 F3dxdu| 7 (Hitachi, dE)O2
SUE L =
FA AR A o2 BEslr) PEE G4

2.5% glutaraldehyde2 3081t A1 A3t 1
% 0sO'Z 1A 1A% & PBSE A&}
FoB, 2% tannic acid= A =G M3t} PBSE
A S, 1% 0sO'2 AnAsET o
PBSE YAl AlA3l AY ¢EF8 843 0
PABZEVE AZAAH, B2 coatingd
S—2300 FAAAFER 7 (Hitachi, YE)o2
LFR . ’

m, Ao S

1. SMZE ZSA50) ti§t ascorbic acid?t
dexamethasone2| &2}(Fig. 1—2, Table 1)

EE oA diekzr|RE 32T AEY
A4S Yoy, ﬁtrﬁﬂ"oh‘?‘%% AHESE 1
T3 EFH|%do] dexamethasones H7gh
27N E 219 5E HEY F2o] TEHAL
(p<0.05), B %A ascorbic acid®} Na-
B-glycerophosphate® 7}gt 373} ascorbic
acid, Na-p-glycerophosphate 121l dexame-
thasones #7133 4ol M= vl 178 o] F9
AEZ o] FTHAL B ofzt Azt
o 353 MESFVL dAye AFS U
WA eH(p<0.05).

Dexamethasone H7Hf5-o W& AXE F2
Sl Ao Ges] FEvl A o= it 1757
EFv)gFHo] dexamethasones H7}3 2T
Atolele F2E9 Aozt veEhA] 3 (p
<0.05).

Ascorbic acid®l] gt F2]%0l 3ol FEH)
FHo viFst 1300 & FF LA as-
corbic acid®} Na-B-glycerophosphateE 37}
ate] v gk 3Tl A 219 ol F ©f ZHaE Al

FE& YR A (p<0. 05).

2. HHO# ‘T"A'||_*x':°| _;_|-_¢o4[1[7dx4 2=t

THASAEN G AA stz A
EEL T2 ARMESES Yoy, E
Ao ol2dA HA bdztE FHEHR vl
o] A= (Fig. 3,4).

H&E |4 #8du|4x A7 Foldez
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Fig. 1. Grpwth curves for first subcultured rat calvaria bone cells. Cell numbers were deter-
mined at total cells per well. Cells from*population I1II-V were plated on 12 well
culture plate at 4X10* cells/well. The cell populations were cultured in standard
medium in Gr. I(M), supplemented medium containing dexamethasone in Gr. II
(1), ascorbic acid and Na-B-glycerophosphate in Gr. III(®) and ascorbic acid,
Na-B-glycerophosphate and dexamethasone in Gr. IV(C>). Cells were counted with
hemocytometer at 1, 3, 5, 7, 9, 11, 13, 17, 21, 25, 30days.
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Fig. 2. Histograms of mean and standard deviation of cell number each time point. Rat
calvaria cell populations were cultured under the same condition with Fig, 1.



Table 1. Comparison of cell number between each group using repeated measure ANOVA
in 21-day fetal rat calvaria cell culture

day
group

1 3 5 7 9

11 13 17 21 25 30

I&II | NS NS NS NS NS
I&II | NS NS * NS o
I&IV]| NS NS NS NS o
H&II | NS * * * ok
N&IV| NS NS NS NS >
IM&IVY NS NS * NS **

NS NS NS NS NS NS
NS NS NS Ak *k Ak
NS NS Hok Ak *ok *ok

NS sk %k ok ok *k

* kK ek Ak Kk ok

NS NS > * * NS

Cells were seeded at 4 X 10°cells/well in 12well culture plate. Group I culture was maintained
in standard medium(DMEM plus 10% FBS plus antibiotics), group II was maintained
supplemented medium containing dexamethasone, group III supplemented medium contasi-
ning ascorbic acid and sodium-B-glycerophosphate, group IV supplemented containig ascorbic
acid, sodium-B-glycerophosphate and dexamethasone. Cultures were maintained for up to

30 days. Cell counting were performed by hemocytometer.

NS © Not significantly different from control value
* ! significantly different from control value(P<0.05)
** ! gsignificantly different from control value(P<(0.01)
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SAX] £33 9 FAA A W Hy
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EAAHY 352 FAIYEY, Bellow
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SHAXRY ®3te F7HAIY By,
ole} e HE¥EY AFE YN B ), T
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proline lysin®] 434 E<t 43¢l co-
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=024 wgd FAHL FIAMZ93 Algd
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FEATE {7105 0 gal et om, 7]
Fo3h= dexamethasoned ZZA|FE2] 37
F7F 9 84x9 F7HE oprista ALP ¥4
T8 9 274 A4S FIAIGA By
stk B Ao HEZ2 T M)A ascorbic
acidE 7+ 33} 47 0] H7bskAl @& 173
2] HiE wiF 139 olFHH AMESIE E
A3 A2HA=N(p<0.05), ©]= ascorbic
acidoll o3 ZZA| X 5o FAS AxerA
Eo] ZFAX F48 oA A7l et ascorbic
acid7b H7HE o] H7HEZA] &2 o vl
AEZAFHA]l o v Yehd Aoz Alg
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Dexamethasone H7Hr7ol @& Mxe] &
Aol glojA TFwjgAo 2 widd 17
dexamethasone¥t H71g 238 ¥|wE A,
T BFOA e 21971A] FAT Al XS
F4E el oy 11 o] FEEE plateaus
el QleH, ojw 2F0] 17 ¥|a) M X7}
gad F7tE AES JEe Y, BAEY
FIAe A (p<0.05). @A dexame-
thasone @5 Al o032 TAHXL 248 =
NFIA ge=val At ddh
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E5 H718 479 dexamethasone®t AME&3F
275 ¥ EH 2AAE o) TRV AFF
i 9URE 479 MESAFo] HAIA
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bic acid?t 7} 323 ¥]wA] v 179 o]
FRY 439 HNESFVE A JER(p<o.
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@5 AMEAldE §94 e 9EE mAIF
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methasones A AHEE o] ZZA XY B

ol gk



5 20 x2AEe) 74 F4S AN =7
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acidet FA AHEA] 71 AFA S FHSIAA as-
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FA AR T S FAE F250] HAsEE
Ao 2 AtEHT,

Maniatopoulos 52 ZZ44& o]F
FA MEEE qF g o|FA%, F4
AEELS Aot Eers dga 3193, Da-
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AES e FFY 2IAEE dH e
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ov} FAIME Y o] FTHo| E)8he] A E 2o}
= Aboloal HajAe] olF S FFdtn ¢
HA Aok 2 AF AFFTU¢ =F 9
Bo2 Mxee ¥y € F2d g4I &
HEAR A7 3EYD 799 AEXELe =F
AEE9] Fel 48 ez, 2=
GgZFsE o]Fi v Aol HAHJeH, &
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F¥ztel sloem oS HA Jewd. 23
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AEFe] Fel2x veigton, 7HE d35ss
ol FHA TS Ve AR T - & FAH
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Abe 5Y& lacunatfe] MEEL #3id =2
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oja MEuUie] -2 AE AL 7HAH A
AL dX HAoANAY FZ REZE=Eo},
=258 ¥w2d RER, dense granuleo] &4
s, 2249 7|A e B2 utsRYe F3td
spherules’} 50—60nm¢] apical periodicity S
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Fig. 11.

EXPLANATION OF FIGURES

Phase contrast micrographs of rat calvaria bone cells cultured in standard me-
dium show typical appear fibroblast-like( ) appearance at day after primary
seeding, while at confluency the cells form a layer of cuboidal or polygonal cells
) (X200).

Light micrograph of adipocyte( ) and lipid drops( ) and chondrocyte( )
and chondroid( ) in supplemented medium with 10~*M dexamethasone( X 20).
Photograph of bone nodules in 12-well culture dishes grown with ascorbic acid
and Na-B-glycerophosphate(top row, Gr III) and ascorbic acid, Na-B-glycerophos-
phate and dexamethasone(bottom row, Gr IV) at 4X 10*cells/well in the presence.
The cultures were fixed in 10% formalin and then stained with the alizarin-
red. Mineralized nodules( ) of different sizes are apparent,

Scanning electron micrographs showing osteoblast-like cells( ) and numerous
cell processes( ) on surface of nodule( ) in a 30-day-old culture(Fig.8 X200,
Fig9 X1,500).

Transmission electron micrograph of uncalcified bone matrix(osteoid). Osteobla-
sts(B) are seen at upper and lower left. The matrix composed of mostly Type
I collagen fibers( ). Numerous calcified vesicles( ) scattered within them.
Transmission electron micrograph of osteocyte(C). Note that the cell is comple-
tely surrounded by calcified bone matrix(M). They show marked reduction of
cytoplasmic organellae compared to osteoblasts.
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