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The Effects of Ascorbic Acid on the Growth of the Fetal Rat Bone in
Ca**-free Culture Medium

Kuen Tak Suh, M.D. and Chong Ill Yoo, M.D.

Department of Orthopedic Surgery, College of Medicine, Pusan National University,
Pusan, Korea

In order to study the effect of ascorbic acid on the growth of the fetal rat long bones in
calcium free culture medium, fetal femurs from rat fetus on 19th day of gestation were cu-
ltured for 1, 3, 5, 7 and 9 days in medium described below. Culture media used were MEM,
Ca**-free MEM, Ca**-free MEM supplemented with 100ug/ml ascorbic acid and Ca**-free
MEM supplemented with 400ug/ml ascorbic acid. The fetal femurs were obtained by separa-
ting from the rat fetuses and were washed with sterilized Ca**, K*-free buffer solution. The
bones were transferred to Millipore filters cemented to stainlesssteel grids that were placed
in culture dishes. The media were pipetted into the culture dishes until it just wetted the
Millipore filters so that the bones were maintained at the medium-air interface.

For the light microscopy, the cultured bones were washed with phosphate buffer and fix-
ed in 10% neutral buffered formalin and embedded in paraplast. They were sectioned at a
thinckness of 6-8um without decalcification, and were stained with hematoxylin-eosin,
van Gieson, and von Kossa method.

For the electron microscopy, the bone tissues were prefixed in mixture of 2% paraforma-
ldehyde and 2.5% glutaraldehyde and postfixed in 1% osmium tetraoxide solution. They were
dehydrated in graded alcohol, transferred to aceton, and then dried with liquid CO, by cr-
itical point dryer(Ladd, Burlington, Vermont). These dried tissues were coated with gold and
observed with JSM-35C scanning electron microscope.

The result were as follows :

1. The fetal rat femurs cultured in Ca**-free MEM showed that the differentiation of
chondrocytes was delayed, the ossification of the cartilage was not obvious and the
formation of periosteum was poor, as compared to those of the control group.

2. The chondrocytes of the bones cultured in Ca**-free MEM with 100ug/ml ascorbic
acid revealed the pictures of progressive differentiation similar to those seen in the
control group. The length of bone marrow and the thickness of the periosteum incr-
eased.

. The bone tissues cultured in Ca**-free MEM with 400ug/ml ascorbic acid showed ac-
tive formation of new osteoid, increased bone matrix and abundant collagen fibers
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distributed extensively.

4. The bone trabeculaeof diaphysis showed the similar pictures to those of the epiphysis
and metaphysis. In Ca**-free MEM with ascorbic acid, the collagen fibrils increased

and numerous spherules were formed.

5. The spherules were noted to be 2 types. One was the calcospherite associated with
collagen fibrils, and the other was spherical cytoplasmic outgrowth covered by collaged

fibrils.

Key Words : Ascorbic Acid, Fetal Rat Bone, Ca**-free Culture Medium.
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Aol gl Ao 4] ¢] F3t(mineralization)
2 A gE AAE Gk BRE5EY A
< 33le} A3 F(calcification) T Foola 2
olwl F& F73¢EL AFEFEE(calcium
compounds)ejct. ABEEHQ] 435} g of
33t M e ZFEFEETC] YA o
DA AAs, A Ee 7| A(extracellular ma-
trix) T} AZETA= ofdd IAAE 7IRERAE o
3l 3tof of gt

A 29 mYr)A(extracellular collagenous
matis) & T3E1 9 RAAN FIEEL
AR Fe dgE e Ao dEH 9o
", sl Qo mALRS o] B
Blof] Agsle] e, oo} A ;] A
o] °33kg F1+ ascorbic acide] 7|5 = tti®
2 dF5]o] g} Ascorbic acid: 1939 &)
Z& 204 33 & A (antiscorbutic agent) s
A o)lF A, FAAR, AR FA,
FH HE WA oJ7kx] AElA] 75 @
oxlef glgo] WHFm ARz AFTAE
8 A2, 2 B A Z 8} of el 24 Z (amelob-
last)® 3 &0l 4] proline®] hydroxylationej
8.3bo] b3} ulelA ascorbic acide) 4
Aol FEol uh-g3te]l mAAe MIA £x7)
whebz] Av) =@z Al o}oae0,

®3} ascorbic acid+ AFA Zol 2]E glyco-
saminoglycan %Al Z e A7} Qlom
Fx7} Z718d uwlzl, glycosaminoglycane]
Aol F7 Hdn Rad uwl o),
FAA ALY 71He] FRIso} Az F
sde)zb A&EEdl o)l H A3 ascorbic
acid®] ¥EF UNHoE WHIHAA 0] o2
A E3lol mlAe e Uolruz B

% /{é ‘-]—%—0] 336]—05‘ }5\5}5,18.23.25,27.34).
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In vitro system& ¥4 UHAAE o
Fald &<l 7o 2, bone culture system
< Fell™o] o3 HFoz Adtslgla, o H
Raisz®?ol] 9|3} Nesiws B AFAE]
o] &34 =lglck zejvt F 24 Z(osteoblast)
£ Fgdle] wjokd 7§, Simmons®E9 A
A8 2 A ZE diffusion chamberel] Y3 ©}
Al F o] B ZE o] Adle] wlokdt ASE AY
e, T T2 FAsA e Fagh =29
B g o] vtd(development), -F%.(induction),
3 A (formation) # A of] I 2.3} intrinsic factor
£ £A4317 A= =9 713w (organ cu-
lture)ul¥ o] 8 -F5o]=] A 5 9ic}. Silbermann
3 Frommer®* & e 7] sotz& 7| Pl
galo 2 wjoksle] WAoo Fe AT F
3}(endochondral ossification)Z& eIz Q)
=& B3 uF Ak Aoty mih A
Ge QlAEe AR FAAA el
HolAntg MY 4 Qo] BehAbol ©]3)
Jere BAIe] LolstekE Aolh olof
we} =4 Qlxrh Ae® @7 wlopol(defined
medium)¢] slHls 2 5o} g} Hall'® e as-
corbic acidz} o5l wjckolol A AF 2] quad-
ratojugal cartilage® 7)3wljoksle] FokzA
o] o}y chondroid boneo 2 wixx-& H343g
u} olcl. ufekoBo] ascorbic acid”} &

zAe] FAEo] WEsln mYo] WA

A4 Pejrl HYs AP P Fof o
Bzt glgich
=3l ascorbic acid®} &7 o] 37 (jonic
environment)ol| & ¥H3}E Fo] 21 %S I
319G £l Cheni} Raisz® %+ calcium, Jones$}
Keeler??’& sulfite & # 7} o] ascorbic ac-
ide} o] &5 = Wl =& Bgaxs PR
gtk o] 7} ofo]-2-(divalent cation)Z E-3j cal-
cium invitroofj4]2] Ho]4o] adFE]o] g
gl golz|e] A7LE9 3-F%, bovine cortical
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bone!® Fo] 4 A=Eg] o v, in vivool] A9 cal-
cium-binding & #-9} v]w 3% w}l” i)

ol 4ol Al ol A% vhsh o] AT B3
ZHgoll Faizle o] 1AL wEr] 98 dF
7} A&z gtov), a4 ¥4 BuisE A
© 2 9t#]A ascorbic acid®] &L m A3 B
2 F3ol| 4] ascorbic acod®] HolAHE 9=
2 3} nAslg o m 2, ascorbic acidE A&
5o g Arbsel 2e A9 Srof BE
£5% B¥Y A7} de Aolch g
o] 24 E WA AP AP calcium-
free}eoll A} ascorbic acide] 24§ WA
A7E AY gle Ao wepa B e
el 32E AL o] ol 44D Aok
ol 4 wiokst Fzale] wistel, Zgo] Ao
A8 A] ascorbic acid& #H7}si4] wiokglS
ascorbic acid9] A lgko] HE 3-F 7 =23

o 43aeE BRsheo

II. 8 3 9y
1. 7|2t dljY(organ culture)

2 Algol] A}&% 5E-& Sprague-DawleyA|
o #FzE, A7 A T+ THE AR &
ARAA e Al frEIgch Ay &
A =il Ha A A7kl ¢Hof A vaginal pl-
uge FA4-E B3} vaginal plugrt LA H
AAE JA0AR 3o He] AgEct Al
19905 xl+=d 3FHE 7 28l (cervical dislo-
cation)e] wjeo g A Z & o|w) EF-A
+ 300~320ge| it #7& A ATE
A ekz] B-2]3}od phosphate buffered solution
A gold FE A £ dask 1Y
Afish EAe ol&ao AT utg
AL A dse goisged, 12 i
£ 1260teigton, e HF BRAE 288
gO]S{iD}. A& thF(decapitation)dle] A}x]
® A9 A e AdY AzAE A9 o
ARG dEETE Felagich ¥eig A=
2 "3 Ca**t, Kt-free bufferg #olF
9, plastic dish(55mm : Corning)el| steel grid
2 2 Yof Millipore filter(0.22um ; Mill-
ore Corp, Bedford, MA)E 9-& o2, g
3¢ &9 $9h A2 fler A AHY
29 Eolhl AghE geine Asl e
, 5,

yolsh 3719 F2%o] FolA & 9 1

_-‘é r.?- i 'U mlm

79 997, e} BEe TOE o] Wope
3}t ot

(1) AlZujoke]l olufHd o7 solz 9l Eag-
le’s minimum essential medium(MEM)(Gibco,
grand Island, NY)oj| 4] wloFdl oz,

(2) Ca**-free MEM © 2 ujokg 2.

(3) Ca**-free MEMoj ascorbic acid 100ug
/mlg H7}sled wi kg,

(4) Ca**-free MEMol ascorbic acid 400ug
/mig A7Vekel Wopg £
2EE wieke 3ol $x19 5% CO, incu-
batoroll 4] A3t nd, wlopele 484]7bv}ch
aLgsl ek

2. Y34H0Y B2 Y

wjFetn v T2 7 AYE WE 44
3lo phosphate buffer® 443 o} 10% =
A getﬂ-a]oﬂ z{a—}oﬂ;} 105 El-y_] J,].R-IO
AAA ¢tz 4% 3 paraplastel] Fojstadct
ATHAE 6~8ume] FAZ AL uEol
hematoxylin-eosind 4|3 ZYA{2 w7 9
& van Giesond 4, 24 A2g ¥ 4 Ut
von Kossai4& A)g§ 3, Faghv|xgez
TR

FAHAS0|E EFE2AY

HFd A EFS A AYT HE $A% Fhe
2 A& 5 2% paraformaldehyde} 25% gluta-
raldehde®] Z%§oi(phosphate buffer, pH7.4)o]

2% 5, 1% 22848odel £33 ok
Phosphate buffer® 4413 % 30%, 50%, 70%,
80%,90%,100% 9] &Fof 1584 el54]7] &,
oJoj 4] oAl g0 2 HAAA Fec}, o4 Eol
o] Ql+ 222 A A7 =7|(critical point dry-
er : Ladd, Burlington, Vermont)& o]£3}o
o ) El4lo g 7-]1,(]?4‘:]( Az _§£n:]_‘.’_ zh:].
wo] Y2 2 ¥ & specimen stande]] ¥ vacuum
evaporator(Ladd, Burl-ington, Uermont)ej] 4]

3 9&F2 2 coatingdl Fof) 7] A R E S JSM-
35CF Al A A& v} 7 (se-anning electron micros-
cope)o g sy},
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Fig. 1. Niete—day fel rat boe before culture ows its geeral archtectue and organ-
ization(x 25).

Fig. 2. Cartilage matrix of fetal rat bone grown in Eagle's minimum essential medium(ME-
M) for 3 day. The septa between hypertrophic chondrocytes show positive reaction for the von
Kossa staining( x 200).

Fig. 3. Bone matrix of fetal bone cultured in calcium-free MEM with 400pg/ml of ascorbic
acid for 5 cays. Well developed bone matrix shows postive reaction for the von Kossa staining
(x 200).

Fig. 4. Cultured bone in calcium-free MEM with 400pxg/ml of ascorbic acid for 7 days. Carti-
laginous matrix between degenerating chondrocytes exhibits a pattern of mineralization. Note
the increase in the thickness of periosteum(Pr) (x 200).

Fig. 5. Cultured bone tissue in calcium-free MEM with 400pg/ml of ascorhic acid for 9 day.
Longitudinal bundles of collagen fiber are well shown by van Gieson staining(x 200).
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Fig. 6. Cultured bone tissue in MEM for
one day. A group of newly forming cells
(arrow) and round osteoblast (Ob) on the
trabeculae are seen. Osteoblasts on the bone
matrix surface are mostly flat( x 1800).

Fig. 7. Cultured in MEM for one day. There
are many chondrocytes, which show various
stages of development. The upper portion
shows degenerated chondrocytes and calcified
cartilage matrix( x2000).

Fig. 8. Cultured in MEM for 9 days. Chon-
drocytes are degenerated and the lacunar
spaces are empty( X 5000).

o oA HEEs xAtdes AU, 2
A 2913 2o Bddn e 4L
Dodds'Vel] 2]8] 7|43 v} 9= AYHgl AF
W Z3}(endochondral ossification)®##A&
el glich & dE]AuelA AEYAE
(chondroprogenitor cells), 3% 2.4 £(chond-
roblasts) 2} <-4 £(chondrocytes)7} HA x5
Az, AAsta g+ AFAE+E £F(longitud-
inal column)& wjddEn] v]&7) 2 A0
o9ick 79 7o) Qb ABALEL 3 sk
AE veEhR o, B StE 1 9l E sk Al E
eldiglen, EElEla 9l ATAHE Abo)d 7]A
Aol 4l 438} ool ke s RARAG. T4
o & HER 4ol 471548 dehile 244 A
Fol oo % WA U 3

AR

Fig. 9. Cultured bone tissue in MEM for
5 days. A : There are numerous bead-like str-
uctures on the newly formed cells ( x10000).
B : Bone matrix is composed of the collagen
fibrils (CF) and calcospherites (arrow) (X
21500).

Fig. 10. Cultured boen tissue in MEM for
7 days. Abundant collagen fibrils clearly
associating with calcospherites (CS) are
noted. These are much more numerous than
those seen in the bone tissue cultured in

MEM for 5 days( x 15000).

ol u‘_ Jo ““}-“Hc’ol’qll]?l MEMe & HHOC}:‘E‘F}
o 47e oen Bgch wWoE 13 39)
o4 Zrlsle] Zolet 277 o7t FrbEIY
(2§ 2) vlFol Zgo] Aatsla 9ole
von Kossagd Ao g #{Asgc 7o &4
7ol Aolrt F7 IR van Gieson@Ao g
AR PAo] FAER AYs|o] FHo
GUg olF3 Uest Azo] F4W FYEA
& A %ol AEVIHAAM AER
AZe A #Holur] FEUD L w37
of EolAl AFAEEY FAHUG F479
o], wYAdF okt NAFL 707 BE
I3 & Aele ok e HAL e
+ von Kossa®] A2 731A et} -

Zhgro] Aol wicklo g 7]$ AT 23
A wgte o3 Z2okch wid 103 39 7o
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Flg 11. Cultured boen tlssue in calcium-
free MEM for 5 days. There are small num-
bers of new cells in the bone marrow and
bone matrix. An osteoblast-like cell (Ob) is
seen in the center of this picture( x1500).

Fig. 12. Cultured bone tissue in calcium-
free MEM for 9 days. Newly formed cells
(NF) are seen in the bone marrow space,
and a few cells (arrow) are seen on the
surface of the bone matrix (BM). Bone
resorption (BR) is also noted( X 1500).

He AAdez G2FH & Aol UehhA
ogker}, Futel g4o| slopsiglen] AFA
2o 23R o] Hazol u8) cha meln B
shobaol 22 Falalx BATh TAFNAE
Wzl E 4 gE we Hsbil o,
AZr| Al o8 Be AL JTRAL
o Yz vehie, wgolo] e AFAEY
o Sstaiagel ole AZ7) o Bl RAHYL,

T4 Axss 2B4EGY T 14
3 H3E oA A3 9dm, A" X
= AAsigd 9dFolHdE FFe AA Ao
b golA glgla, mYARY FAL HAZ
o|ekst gz, von KossadMo] oidt Hb3= of
A Jebstch 7jA e FAJo] vkt dAl R
2315 Al(ossification center)¥-oll A 3]ojxl A}

Bz et AFRAAL AAEeIdE
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Fig. 13. Cultured bone tissue in calcium-
free MEM for 9 days. Spherules (Sp) and
collagen fibrils(SF) in the lacunar wall(LW)
of the bone matrix are shown( X 5000).

Fig. 14. Cultured bone tissue in calcium-
free MEM with [00ug/ml of ascorbic acid
for 5 days. Newly formed cells, abundant
collagen fivrils increased, and greatly inc-
reased numbers of calcospherites (CS) and
spherules (Sp) are shown( X6500).

AZEo] A== F
=olch

Zgo] Aolsl wioflo ascorblc acid 100ug
/ml& H7h3led wiokdt o £ oG5 F
okt 337 5319 whFFol A= q}-"-‘—i"—"’} A4
A 7o g R AdFATY 434S
veld & "a‘°o" 7 Fo] TAEYm, F479
Aol7b Zgol AodEl FolA, Btk Hojx gl
¢ & 4 Adh FHAHY] ALEL Fo
2 clglen H-EQMoA A7]adet AA5AE
veldlgch 793 9l Fell = ARl g
Az w35l N1AHY FgAztel HzEH F
AR FFo 2 Jelich Eute] $Ae FE
7 o] Fol vis = 9o van Giesongd Mo F
b PAE ndARFE BAIAHASL

Zhgro] Aodgl wlokallol| ascorbic acid 400ug
/ml& AH7lsbe] widd o 274 o 2

dEHE A4E St



Fig. 15. Cultured in calcium-free MEM with
100ug/ml of ascorbic acid for 5 days. Newly
formed cells (NFC) are seen in the upper
left, and there are abundant collagen fibrils
(CF). A calcospherite (1) with collagen fib-
rils congregate (2) to form a spherules (3)
which compact to form bone matrix (4).

Fig. 16. Cultured in calcium-free MEM with
100ug/ml of ascorbic acid for 7 days. A :
Collagen fibrils increase and become com-
pact, and the number of calcospherite(arrow)
increase (x10000). B: Two types of spheru-
les are shown. One (Sp) if formed by calco-
spherite and collagen fibrils, and the other
(Ce) is formed by spherical cellular outgro-
wth and collagen fibrils.

o} 39 kol A B4 Aolrt o
£ Foll vd FrhEdn AFAMEY $ug 5
AL BAL 4 glgich 599 wkRolAE A
2o PAH FU2AH F71AL BAY 4 A
AcH( 2 3). 7 kTl Foo] P&
o FAYA dga(aqy 4 FF3HY AZE
= & BA= ik von Kossad ol 93 24
A2 A, AEr) Aol vlEr]e ATAHE
Apolof 4] BE db-E-g JEldged, F2 2
o FA4L o 43sslm JL 4 F+ YA
ok 99 wiokF& AgET W Ho] AA
A S FAET Lo BASYUI(Y 5
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Fig. 17. Cultured bone tissue in calcium-
free MEM with 400ug/ml of ascorbic acid
for 5 days. A : Numerous spherical cytopl-
asmic outgrowth are formed. Some of them
(arrow)are associated with collagen fibrils.
B: Collagen fibrils mainly associated with
cellular component to form spherules in this
picture( xX6500). C : Calcospherites (CS) unite
with collagen fibril (CF) to make the sphe-
rule (arrows) (x45000).

), BEY F5 A Aol2 47l AHNAE
€ BAANG U129 A= el A
Aol AA 71Ao] A4SREE von Kossa
Aoz ol

2 77 Felo FAMAEH0|ZH B

FZAA A Y] o2 F4F(bony trabeculae
)E FE AN AubHe A2 wjokaq]
MEMo 2 wjo}d F2AoAe F7]2S A}
2& AXEo A= AFsA=nl(ad 6),

ol AZEL Ao AALTE F3A
28 o] EFolA o] FAZE AlEo]er
Bos F44 AxAPez AZsqld 3y

A4S FAe aYJAFESE B3 F
At GAE Bo Foed (29 9, 10), &
3 7 7ol M e LYY ROl ZF] Aoz



Fig. 18. Cultured bone tissue in calcium-
free MEM with 400ug/ml of ascorbic acid
for 7 days. A cell in the center has bead-like
outgrowths and beaded cell processes covered
by collagen fibrils (arrows) (x13500).

Fig. 19. Cultured in calcium-free MEM with
400ug/ml of ascorbic acid for 9 days. A :
Platelet-like structures (PL) which seem to
be detached from cell body are seen in the
upper left.. The spherules (Sp) in the right
are formed by calcospherites and collagen
fibrils, while the left ones are formed by
cellular components and collagen fibrils (X
23500). B : Increased cells and their granular
surface are noted. Numerous bead-like out-
growths form the cell surfaces are shown

( x 15000).

B o X & calcospheriteEo] ZYJAFEHN 4
el okate] A A=Y 10). T
t1e] AT AZEL 1dFoAe vins FA3
1, dTaZ oo e E75S Ha A,
F7che] JlAE4E ASsa A3 AAEHE
HA4g B3, wWoE Azte] AAEFE AAA
eol) WA Tz o] wde FAE vE
HdH(2d 7, 8).

Z4po] Aeod®l wjokoz wiokd Aol F
714 w7 Tl s A2 471
AAA el wiokoArct ZadtP (2 11,

a
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12). 27139 YA = v]gsle] mdYAFEol
2 28k x] k% 3, calcospheriter 7} LU A A&
o} Aj=Ee] gle Ax w£Hoz P4k
F71-e T wiFAHe FAHE A=
Ho}x]& spheruleo] FAE7 % 3, 99 Fol
Ay F2A9 9] F4 =& WA sp-
heruleo] ##= 7|5 g2 12, 13).

Lol ZHodxl wf ool 100ug/mle] ascorbic
acid® H71sld WG FollAde AEEY F
Alo] #ubslgim, F71Ae FA= FA}A
(2% 14, 15, 16). A|ZAHEES A3 T8
& giglev, diye] 44 AxEe FA4
ol A ZAgter, Sold AL AE ¥Ee] ¥
= PR gez FIo] slo AUAR, o] HE
PP F-Eo] E4HA spheruled FA3}
goi(2d 16B, 17B). = 37}=] ¢} spheruled]
%42 calcospheritefo] mYYAF= A7
3tof, dte] spheruled FAsle el
(=8 15). a4 vl okt T4l 419 spheru-
legd e 5 7HA7F A= =dl Fge] AA
5|3, ascorbic acid7} HrtE Abelol A k3t
27149 FAole ARy HEq T A4
9] T2 mAYAHF7E 9384 spheruled
YA st okato]l o ol BWAE|, o] spher-
uleEo] o] Tojr UF FxA o] =
(=8 15). 8} calcospherited] 4+ HA
w kool 4 wjodl FzAoAM Hohes He A
Aokx, ZYAFY PATHL o FoH =3
o o] AYEA FAs AJH(HE 16A).

Lo, Ztgro] Zod 5 3 400ug/mle] ascorb-
ic acid® A7} wigdode A2 A2}
FAEE FAe] wig FrrstAeul(ad 174,
19A), 573 7dFolA 78 wel FA8
ot F7] "ol e mALARA EAA FA
=gl (=8 17B, 17C, 18), spherule2] 3 A&
57 typed EF ¥ 4 dsien), 59 A%
4rze A4 F2E w AZEIlNA
s A4S F2E2 2eld Fol @
Q%7+ B4 spheruled FAde= ¢
7} o wel A=A 178, 18, 19A). &
ALAGe] AL 33~36mmzA FHAAAH
] Ao A Brode, 550 L Hejsio Cale-
ospherited] Z7)& 2 7 o] 200~ 400nme] g3,
spherule?] Z7)& 1~15ug/ml&ZA] calcosphe-
rite2 4 FAE A AE QFez FAHH A
Fe e W 2z
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Ascorbic acid+ me] prolyl#7]| 9} lysyl
771 9] hydroxylation& 93 K& Lo}, As
corbic acid?} §le Arefol4] 71HE wjoksie]
Zd FAEo] Wlsla, mYAAe ooz
714 AA el o]4te] 2w, A=) hydroxy-
proline®] <ofo] 14 ¥ & AAY R3s 9
t}?. 3T3 fibroblast®} chick embryo fibroblast
£ ABE 3 AYo A=, Y proline hydrox-
ylation®} #H#A w4 %A o] ascorbic acido
JEAAL ¥R ¥ AP

Z.9}= % ascorbic acidE wjokale] s}
stof wlokatl 49 o] Z7bslE Aol chick
embryoo] 4 BAHHw, Folshi] mA4Y AL
9] 7) " (collagenous extracellular matrix)-&
FAsts 5 AZYrAE HYA G sl =)
19, oo} f-ALgF A#r} Algkel otk (tempor-
omandibular joint)g g2 3 A=
Fa= g Y. Vertel# Dorfman®-& embryo
o] A Aol(limb bud)& w§ekslmi A ascorbic
acid& A7 M7l 23, E35l3 U+ dFA 25}
A 29 7| Hel| A4 mY(fibrillar collagen) S
YAde A TG o] ;P A4
o x99 A & type I collageno @ u}
A, wF7lol A At AFALI}L A oA}
ohAAAE mYE gATS & 4 UA A

o= B Alyo|A % ascorbic acidE Hrs}3
Tl A Zgo] Aod=lo] AL 7)Ao ofxA o]
=dl%, ascorbic acid®] 3oz w g
of AEg 2Hez soA AALFE] F}
ke A g en, oju FrlY =
AAFEL AAAY 249 A 22 §
o mPAFd Aoz A7y

229 4o 9ol 43she AT 9
3 ZulslolAe ALY §7]4 7] A (extracellu-
lar organic matrix)2 oz AHP=o 7
. FYA AZEL A2YsAe Y4 =4
8oy, AEHo] Q¥ ionm}g =AFA =
oh. 228 Bao ostwd FAEe e P4
A3l A7 FAZY 5o o] Hc)3)
A, Aoz FEHel FAELEL wiok
A calcitoning] FAlo] g&Hoz 4o
Fogo] FrtElng, Z¢e 480 v
e oeidhAo] e AZTEE FHE

P
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QA=A wddde) AgErrt Fohsd
ARz gl FZAWNA Zge] £AHE
gAto] 4 El& dlwl, chelating agent& A}&
glo] wiojly] g FEE PFaAAH B2
o2 R¥ ulv|™(mineral)3 7)Ao LAl
© AYY AAZ Bo} AgEEe Wi AR
Z4E 2A}e Aoz 3y wp Yo B
Aol zhgo] Hojgl wiokolol A bzt =
Ag sl vl T390 B3 Bl ¥
HSle AZe 47} H4H i Hopolo] 4
Brp Fadda, Fr14 Ao viekde o
& olol BE Aolrt B2 Aol oA
S BN ZFe] g™ A4 as-
corbic acidE #H7}3l% & =, nYdHe FA
F Z1de Aol FE AL AP,
o] ascorbic acid’} #43g YUMo HS
3w, 7149 A3 JAYPYE FAAZcG
g Lavietes® o] A#Ad a9l A3}t ofw)
2he] YA o] Frhsle, Fute] FAs S YA
AR, o] R e FxZ Y FAJo] ke A&
oojge). skl o) ascorbic acide] =i}z
g e Frlol A BARIE A g
Aoz A7sie o A¥eld Aoz B
23t ez 47

=3 AFA 2 E37He] v]AE ascorbic
acide] dgfo] oz Hapgo] 98] AF=EYE
o], ascorbic acid= AZTAHA X YALL =5}
AFIa, d2idolx F93 TS 3wy,
ZYFuE 2AAZHYE el wust Qg
c}. E Ao A ascorbic acid® Fr}x Ex
(100¢2g/ml, 400pg/ml)E 718t dg =, A%
A E2] 27|¢} vlEr|e] ol ATATY 4
¥ T2 A3, 100pg/mle] ascorbic acidE
H7bg 7o AZFAEL A8 458 e
Wola, 400pg/mlel ascorbic acidE & 7}3l
TAME o $Ug dFARY F4EL g
HEioh weba} Zggo] Aoig wgFdod =
of g AolE Aeirw, 35 (400pug/ml)e]
ascorbic acid§ #7}s] F3& wl, AEA 29
T4 £3, zea ndAdFY F4o b
FHEE ¢ + Uk

TH, E7]9 AFAEeE Eeldle] i)
Fe 3 A A, wefde] ascorbic acid
T ArbelA Yomd wme FAL oz
kot 50pg/mle] ¥ X 2 ascorbic acidE
7hel F31¢ W m4d-g Al ge Ral

TTAE

-

k.
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A
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A, FYA A EF¢ MC 3T3-ElL ANE=2
3} Algol A= vjoklu] ascorbic acid’} A3
el mdAdRAde 712 4ol dAsn Ax
9 243 23E F98A A9e BRIY
1., ascorbic acidE wlokelo] A7A)7|w A
9] FrA 29 e 7]%5L MC 3T3-El4 %7}
vetdo] f2o] 224L PJAT-E FAF vl
o}, olw] ALL-3} ascorbic acide] ¥E ¥ 1, 10,
50, 100 2] 200pg/mle] el AR
3 A gko] 10~100pg/mlol) A+ F 7138 g o, 200
ug/mle] FEd M ZAadd ok ey
£ Agol A= 400ug/mle] FEME 22T
A g BAT £ ded, ol 9 AFEH
o] wikRAd  AolollA L& ozl A7
+A 9o AdEL AZTE vt AP
ol vdle] X AYLe AF AANE Ut 7]
B okolg oo, o) Aol AE10% fetal calf
serumg A7 F Adoldlov, ¥ AYS
wofllo = ¥AL B ZLFE AodE AEo]
AeE L olFE F 4 Uk

Binderman®¢] AYA ol oJ3td F23 ¥
el Z7|etAo]A o]A 8 mineral crystalites
7} 2YLAF Soll coating=o] AUl o
+ 247 A(collagenous matrix)o] calcium
phosphated] A AFszte AL HAFE F
% 89tk o2 $AE YA 25 9
BA2E WP 4O TIY E23)
2-FAYW, 35 2 9)+ turkey leg tendon®®
T AM2E I AR Yebd v Uk F
Yol AY=Elng FI|GAZ FojAd 1A 3
F3t5l A o] el HAH] F3AH
o] EAlsloz <A Td J|AL FHAZE
3 shgde "elx oA ok o EA
X7 % 7149 F3E 2Fdcde A,
£33 F3le] 27|ciA o FES AA BAF
otz e, B AgelA, Zwo] AAd A
dol Aol F=3 Ao, ol FAHAZES
27 7% W=, 71FuF Hef| olu] F
Ay ZgE £85e] A2g F2RA o4
£ 7heAel vt & 4 9, = gHezE
FH3 g Aol glo] A E&r|Aute] g
AsA gAsojgdoz & 4 old. 2En
W kFoll FAZo o) PAH mide 3hatH
FAAH AAA FAZo o uhEAA m
Az sla & o, ofu]:xAbe] w3k (cross-
link) 7} aldehyde$-o] FAHHE #al vk Sle

o> B AYd e FAARGER A s B
A3 7] wEol oledt By #AE v
a2¥g 4 g9

FAAAEr]|H o2 PAFFE o £ Aol
A 271 FF/-2] spheruleo] =} A
HA FH{IZ ¥+ calcospheriter} LYY Fo
A4 FAH Zelslxn, FUAAR A2 A
AAoz HHYNAHRA AYdez Hsa,
o 7]el YDA F7F "3 spheruleojic}. A
WA F5e AL daz) glov?, T A
L ojHiel oA HS TAH Ao Aits
=, thul olZe] AdA FHol: e FwF
e F71Ae] AAE Floz iy AL ohy
o}, g AdAle] o]z Aol el
RNoz AZ4E 5 Ut

v.d g8

ezl FEE AMEE dH, FgFo] AHd
wjekeoll A} Atgdwl FZ2Fo| v]X& ascorbic
acid®] J&& #A3N7 HAs}d, wiFEE MEM
T, Cat*-free MEM-+, Cat*-free MEMoj 100
pg/mle] ascorbic acidg H713led £ 34 Ca
++.free MEMol| 400ug/ml¢] ascorbic acid¥
713l F F 472 B AEIRE. 4 A¥F
€ 1,35 79 9 kg A FAA0|AHY F
AR ARe] 7 o2 FAIA

Ade o33 Zd.

L Zgo] Aod ooz 7)1 FFL o
Ze] vld] AFAHEY E33Ho] ryjn F
3pofto] EElEtx] @igtew Fute] AJo] vf
+ A2}

2. Zgol ZHolxl wiokelo]| 100pg/mle] asco-
rbic acid® #H7leled 714 F2AdAE AF
A 27 H2E fAE +F o2 Fisglon,
Zgol Ao Fol v F57e Aole} I
o] FA7} F748k

3. Zgol A wicklol 400pg/mle] asco-
rbic acidg® A 713l 71§ ZT2ANNA = A=
o] FAd T4, /A zEln HL F4
o ZAA ZYAFI} g FAsid

4, F4F(bone trabeculae)f-5-o TAo] 4]
= AFFAY BAFA vy AAE dch
Zgol A% wioklof 4] ascorbic acidE A
7hld mAYMAF7E 713 a, spherules
PAo] A3l
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5. Spherule9] 4L 27}z FFolc} 3}
1} calcospheriter} ZYYAS9 284
FAste Aolx, oh e AxA oAy}
T2 Hel2 Ha ofrlo] mPYARE) A
A El= Fef
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