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A FQ Ao Gl A AE Y BAE F 43 retinoic acid(RA) 7F @70 o] 2 24 of
ul X 98-S dolR ettt Hamburger$t Hamilton stage 1991 =23 Al 9] wingbud &
Hol| RAE #elsln HaF 24, 48, 72A17t0] ARHAL o vehd 2 go HIE
Abale) ohg 3 2o A3E A9 (D RAM 2= el 99 1 AF 2 Ao A HEHEZ 9
£ zHslgon MR elel Holzl KoM 23] MEUESY F7HE R84kt
(2) RAM &l apical ectodermal ridge(AER) Zol9 24& f¥agd %3 1 99
Ay Zo2o) olF S AL (3) oleld TA4Y Wle MeldF 2440 e
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W Ao Ao, d4HA Aedd ol BAEE 2259 dhel vlElT Alre-
tinoD € Al A AX7} retinoic acid(RA) 2 HBETH o] A wighel RAE 44 2 3] z3 9
5o e YL G5t (Sporn ef al, 1984), WRF A4S v EF J2)7}A] 7R Ao
A g E80l1 (Goodman, 1984), F UM X 9] £ 3H(Sherman, 1986) 9} FAH Z<Q vz 2] 4 ¥ o)
54 W3t (Hardy, 1983)8 #2371 Foh. 28k A8 retinoic acide WA ZEQ #Holg
o7l 283t o, &, A, FoHe 8, A%, vl AH, FAATY A BE 7#HA
71FAEE A7 $ch(Kochhar ef al, 1989 5 Biesalski, 1989). 53] #Z Ao vehis 7
FEAA g B2 A7 AT A7 e E gdozde] #0009, RA 3] 70
we} geldAe] Y7 FFE o] A& e phocomeliaZ H-E B8 22l 242 hemimelia =&
AFe AF7F AEH T ectrodactylyS-o) doldol ¥8 A 2H(Kochhar, 1977).

ol#g A wAF A thElo] ¥ & FLEe RAE LA Z A A9 wingbudol Xz s
def o] AEH A AgdE A A Fo| Eile] d&ol BA Bt (Tickle ef @f,1982 ; Summerbell,
1983). o]&idt A& Y BA= RAM 2 FH wingbud] 2 Al7lo] wel o1 HErh 2hesn] gy
A 717F ol E aEla Aelde] BEFE 1 a7y AdEe Ao Yeldti(Summerbell,

¥ gEashvel A el olstel FHHAS,
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19835 & o 2, 1988). =¥ RAM o & FAEA 4L A4 HDL e M7 AN
2 vebue Alvl el wingbud -9 nhRFA 2 A 2l Fa @Al v]el whel EAIF = & Apol7}
vebd o} (Maden, 1982 : Maden,1983 ; Thoms snd Stocum, 1984 ; Kim and Stocum, 1986a ; Lee and
Kim, 1990). A %) 9] 299} 220] retinoic acid®] A 2ol 9 ste] vty el E A g Asf 842
ol 7R 1 Y9le] & A AX e FAT IAFHA e A8 (Kochhar ef af, 1989) R A=
HE 2AR9] 9] 84 (Alles and Salik, 1989) & vl 0] Z ol glojM e} F3stE 24 % A EH
Ao Wt 1328 9oz F25 7 3lvh(Kwasigroch and Kochhar, 1980 5 Kochhar, 1985).
E3 RAE WREQ] Ao talE FAT FuEA AE2RE S A LS Al s (Pacifici,
1980), RAX 2] ol o3t furslE AFEARE FulgA 2H ) Wbl 1A g ol 279 2 &l
48¢ 53t B HH(Wilde, 1987).

ady olzjg Auje) GAF AN lolA Fef Al WaE stA s RAM S Ao bt
22l M9 AT} Leedt Tickle(1985) 2] SEME £7 97 & A 9stne 2 sojalA ot
weld B dFgME HaFe] Aol wingbudl RAZ sl olwf dehte ARIHSE
8] % Az 2H8H F2olA ZAGIL ole @ Wl wAel P ehtE
el A Walel oA Jd@HEAE golR A FH

CER-OO

Windowing 2 Alufel wrAwtA el

B 7o) M= 2H(Plymouth Rock-Arbor acres) ] 3 &S A@Ag 2 AH23tdth 798 FHEL
FE7F A9 305TY BErlolA Bl IPH = o] WS Aol wingbudell retinoic
acid(RA) & Ha3t7) 93kl @A F 6042to] 2= 02 W Summerbell# Hornbruch(1981) ]
WS ozt Wdste] Wzt FHwindow) & TEX UHSAE H AT

e 2744 =¥ §E o83t G4 g REFHOE AASY BEAOY, kdH dHE AT
forceps® A&t AAST durel W o} Wl Ayt FANFHUZRE F77F WA oA
Yo g RE fFeHEE Foan B Aujdl g dPxe] st sUch

det windowingd ©Hd Al @n A 3ol Al Hamburgerst Hamilton(1951) ] B4 ©A E el
o As ] FHAA S Fe the B 5P F2E vlojZE Bau A Favd o] @] AL
AP w5 Yt

Retinoic acid(RA) €]

RAA 2] & Stage 199 =23 A5 Addle 2] & forcepsE Wl 9 ute] R A AT H AAr& &
72 Auie] Q8% wingbud GH-E AH AARES Yol 25mm FEE AL, SRR
247} 05mm 719 BFE BAE RAG A FHA GA HAS 9ol 719 2024 g8 A (Fig.
D. 2 A¥Ho M dimethylsulfoxide(DMSO : Sigma) & £ 23t 40mg mlel FEZ &3 € retinoic
acid(all-trans, type XX : Sigma)&91& AL&3tgch RAX 7 B¢ 8 2o L parafilmS 2 Y
Balgon 7)o ol g dio) A& NYPHEE Ak dlz Hd¥ezE RAY &uid
DMSO%S Mt HiL, ol HYE 3R e vhE G/HE £ e g o) &3 A
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Fig. 1. A schematic diagram of RA-soaked paper implantation at the anterior margin
of a developing wingbud.

ZzA8H d+

z2A @A A5t Helrt B wingbud7t 24, 48, 724130l AHHUS W FAFY IAEHS
Hoj) o] Bouin¥ 31 Ao A 24AI17HEF AT b FH 2 Li,CO:E E3149 70% ANEL2 S
& AHg3te Y ZH oA picric acidE& A A F ErAYE A F AL paraplastd] E9I R
olZA Evj¥ =L 5m FAL A£5AACZ ¥E ) hematoxylin® eosin® & GGy N E Z
oA AAHA A Fe, 28] Gl FaFol X Ee g4 22<l apical ectodermal ri-
dge®] Fel £ X9} wingbudd] HF-FE AL 2l FHEAE Y AXLEFof FUAHE Fof
faratgth DMSOTHS M3 E7l 9 ol A= 3R & Wi % I E et 2L a¥o ANS
wrgo] dME D A v zaF et

2 o

RAE W9 wingbud Aol & F 24, 48, 72A1%k0] AHAT Hel TAF EH=HE
TAREHD GAY FUL BEe BRAF A AnFHog RAE B 2F Y REE AAsE
Zu)gA HEe Yxe} G Avl el wingbudol A 53] # e apical ectodermal ridge
(AER) 9] $ix1¢} =z7|e] ¥3tE ZW ATt

RAME ¥ 24A417to] A HAS o) wingbud®] AeHE Fulelde FuldAd AEY B=7t
AASA Brdtgon, o]E MX Alole BE cell process® ANA d&o] BHEH U (Fig2
1). 348 ¢l wingbudol A Aol 928k 1 AER(Fig2 A)2 RAS} M 2of oj3tef 1 A7}
oo @ A3 o]Estgon, AERY Zolw® AFEHEol #AEAN(Fig2 G). ¥H DMSO
oz @ wingbudIME RA HEl¥F dehte AX2se Asist 22 @4 #FHA
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e, AERS do|7} tha Ho] ot RAXNEIS F99t £ AERY PR o5 B
T A (Fig2 D-F).

RAAM 2] % 484 7te] At =l wol«= WA F<U wingbud®l anterior half o] x| o] "‘i}
o]0 2 RE HAHE A FA4E AU 5 & AU (Fig3 E). AERY] A= WS
%02 o]FE, RAR MFH =4 FHE AXUET Al AstE Fe2 § A5 o (Fig3
F-H), RAX 2§ 244130l 2% =Hqewol vluste] & WstEs Holx gk $H, DMSOR
el gk 7 4841 7o) A g Hh R A e RAXM 5 vEhE A8 3 Hals 33T = qidn
art DMSOE A4l Fol 27b% 719 ¥& Fodie AEU=rE 7 HaHASS B3
g Aot o1 Y RAXME o Ao v & o & Aol E Ko FA(Fig3 CD). M &
A e A F b Hg} 4% At humerus, radius, ulna7t 2 F-9ol& olv] Fu P4 A X E0]
Bol7] Alatste] a3l gl AdeAQ prechondrogenesis?t & E 11 91&L BAT 2= 9k
ol B3l Yol RA B DMSOZ Ml d 190 483ts YR orE AT DL 257}
wF A ekt (Fig3 AB).

RAZ 2] & 72A17be] ot Gz A EAHD Y Eile] SRR Ego] By
dew, A drhe] Rk B4 FQ) doe Fersel T ¥kl AERe] # 3% 2 cH(Figd
G-D.RAE A o188 719 ¥ 2902 2R HE RAMEFE 2447 2 48417Hdl ol A Byl
Ao g AEdEe] g4t 5402 #35AcH(Figd J-L). 22y DMSOR A 2l Avt i

e AMyHA e d 2 e RAME Aeoe ga FAHd diade] dAHE
Ae #EE F Aoew, =3 S DA dd FogAde AESS proximal anterior
FelM g = AAYL RAME A B F D AERS FE8 % 328 5 A vH(Figd
AP).

= 9

HAS Aol wingbudel the RAME T AR MEDE AAE fFusigon
AER®] wingbud"] RFEOR olFEE A2 B AER Zol] Aol za#lFAT o 23
sk olvl A $ 24*]7“’51 *]3}5101 Al 72A1 A A& ] Q) )

drhel Hael AR g qEyrel Wil B8 A7 2E Cooke® Summerbeltol ¢l &}o] =35
Aufe] YAE HEZH AP S E 4 ATk Cooke®} Summerbell(1980)-2 wingbud®] ¥k %-9]0)
A sk dohe) AFE dAse 93 AT S FPsh= Ho 2 23 2 zone of polarizing activity
(ZPA) £ wingbud®] %o o] 2% o *H-thymidineS ©] &3+ wingbud 22 We] A 2] A%
8 A E(mitotic index)E ZAFSIATh 71 A3, ZPAo]Hol| ot AT R FHLI Y=
oA 58 S1eASS BRHe, A NEULY AeE DaAsgrl B A7
wAE Ayt ostH RAwE Hel$ 72417t0] AR AT Aavg 29 ZujdA A
1o g Aste 2gstddh. wely HEFHAEAN U fYdre Astdde T 293
Foll M 53 E Boli ik ol el @ A XU o] AstE RAX 2lof o3ty 7] & 9] M E3F 1+
Al BEEC] s f2e AEID BHAEo] RAS A Zolo HEH Hgo 4
SENE o 2H H 7] gite] opdr) F&a) 2 4% Slth Teratocarcinoma stem cello] 4]
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RAAE & AED B4 £8 FAAEQ fibronectin, laminin ¥ collagens-2 Zeu al o] F7}7t
S Ed(Joukoff et al,1986)E B9} t1Eo] AFel A Heko] RaAA | o3t rhalx A e
hyaluronic acid %°] &7+8 tH(Kochhar, 1985) % AHal & o83 &8 A st 9o o)
He gow x33eHQ £ YaarFd WHE Tk FHEoF & Aol

RAZ 2o w}& AERS el 2 X9 syl Aoz gk RAS AHAI dFUA ==
o]z} & ¢l PR 2 R B3] 9}l Maden(1984) & Wilde5(1987)2 Zt7t axoloti¥t Al
o] teleld dEe 2R o)A S File RAME ] oJ& thele] FAEAART F
WA AEo] thd RAS) FHAQ Bl A Byl Qlch FH AERY] o4& T
E & de] do] HrEthis o] dEFo g g A Ao (Saunders and Gasseling, 1968),
o} 2§ AERAA 7} T2l & FAIEHA 2 SR 23 o8] e 484 A (Saunders
and Reuss, 1974)91 vl &0 & m) 2o A Lheld RAX 2]l 2] 3 AERS] 3 el B 9139 ¥gte
wingbudE 7R3t THIQAHAEY HI2ZREH falE oA AHgu F5F 5 Uk

8 Leedt Tickle(1985) 2 FALAzIAw A& o] &3le] RAMEF chick wingbudel YEIY=
AERS i< HEE MUF AL 2 Az P dat 2AEHG. 25 2AR ofEtd
wo Fre] RAMNZE AERZ 0|2 AAS fLEre sht 59 57He tEo] AERS Zelr}
2388 Ao v golxe Ao vewe aeu 2z AHele AZ9 HEARGYs AS
Ao HAE fen Aes Ao gdld AEFY EAr fudde 289 EAE ¥
2 oo 2 Apeld Jehd viel Zo] AFY FAE fdste HHU9 RAXMT | 25t AERY
Zol7} AoAe AL 259 A9 A Ao R Bl vEo] RAM T 23t AERY
A7 AR 2o X A4 4 AERZoIY A& FA] FeldA 239 W
71918 Aoz F&HErt ol2d &9 2AE RAMEF Fal AFe BAZL dold F-HelA
Axdxe F4% Fr840l vdeuEs 2o 2RE ZotE & Sl webs BAHR Qe ¢
Aol Udetbs AERY W3brl RAH el wE PR Adetnes RAAA] FAT ol §
2o RAZ ME¥ FuigA 23 AL R A2 oANHES T vL &
AFA FHE F o Hozich

Thaller®} Eichele(1987)% 78] wingbud®] ZuWkiel Fubio] A3l Sl RAY FXEE
HPLCE o] &3t ZAISta, 1 Avt 9o B} §2 o] RAZ EATE 9 Wit ol 52
oleld AE A AR RE RAZE ENel AFEHS AASe AR st TRk ol HA 29
S dP4 g Zgsteel Hojxle RAE A EE W) EAste A28 423 cellular retinoic
acid binding protein(CRABP ; Maden and Summerbell, 1986) ol ¢]8te] 1 &3 Fuj7} vebte
Aoz wolxn CRABPS ZA#ax 42 4ol RAVE #o& Eo7} retinoic acid receptoret
AFstT o] 2FA7 B FA 2HL 2HeE Qo2 o3 5 5L AH(Giguere ef al,1989 5 Ei-
chele, 1989). wetx o g F-psjojop & AFE olagh oA wEHIt ojd {HAz
wdo) 7|¢lskErtel] 1 Hhgko] Y iolxiol A oz Heolm tEY 53 §MA dEHo] £3 o
A xo aet o w3 xpo] S Ho|wx FALa|or® Zlojth ola g FellA H wa A upel 2ol
Aol theld Ao homeobox FAAMe] BEe] FHlgol UEhdtE AMHE BE TtedE
BolF 3 Ith(Dolk ef al, 1989 5 Tsonis, 1990).
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The Effects of Retinoic Acid on the Developing Tissue
of Wingbuds in Chick Embryos

Man-Jong Han and Won-Sun Kim

Department of Biology

College of Science and Engineering
Sogang University

C.P.O. Box 1142, Seoul, Korea

A histological study has been done to examine the skeleton duplicating effect of reti-
noic acid (RA) in developing chick wingbuds. After RA-treatment on chick embryos at
Hamburger-Hamilton stage 19, histological changes in developing wingbuds have been
observed as follows. (1) RA-treatment caused decrease of mesenchymal cell density around
the RA-applied area and increase of mesenchymal cell density at the distal region of wingbud
where the future duplicated structure would arise. (2) RA-treatment evoked lengthening
of apical ectodermal ridge (AER) and dislocation of AER toward anterior margin. (3) The
above changes appeared at 24 hours post-RA-treatment and persisted upto 72 hours.
Furthermore, at 72 hours post-RA-treatment, a duplicated AER in addition to the original
AER covered the mesenchymal tissue which would ultimately form the duplicated skeletons.

The above observations suggest that RA-evoked wing skeleton duplicating effect might
be the result of changes in the mesenchymal and AER tissue which are manifested at 24
hours after RA-treatment.
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Figure Legends

Fig. 2.

Fig. 3.

Sections of chick wingbuds treated with RA (in DMSO)-soaked or DMSO-
soaked papers and an untreated control at 24 hours after implantation. In all
figures, left sides of the figures correspond to the anterior sides of wingbuds
while right sides correspond to the posterior sides.

Longitudinal section of a control normal wingbud. A characteristic apical
ectodermal ridge (AER, arrow head) covers the mesenchymal tissue near the
center (slightly toward anterior margin) of wingbud. x 60.

Higher magnification of Fig. 2A (distal region). Note the well-developed AER
(arrow heads) which is very similar to the AER in DMSO-treated wingbud
(Fig. 2E). x 300.

Higher magnification of Fig. 2A (proximal region). The cell density of the
mesenchymal tissue in the anterior part of wingbud is as compact as that
of the DMSO-treated one (Fig. 2F), but it is quite higher than that of the
RA-treated one (Fig. 2I). x 300.

Longitudinal section of a DMSO-treated wingbud. The AER (arrow head)
has been widened somewhat, but it covers the center of the wingbud as in

the control. x 50.
Higher magnification of Fig. 2D (distal part). Note the thicRened AER (arrow-

heads) over the mesenchymal tissue. x 280.

Higher magnification of Fig. 2D (proximal part). Compare the mesenchymal
cell density with the RA-treated one (Fig. 2I). x 280.

Longitudinal section of RA-treated wingbud. The AER (arrow head) has been
widened and moved anteriorly from its original position. RA-soaked paper
(arrow) can be seen at the anterior margin of the wingbud. x 50.

Higher magnification of Fig. 2G (distal part). Note the AER (arrow heads)
cover the anterior part of the wingbud mesenchymal tissue. x 260.

Higher magnification of Fig. 2G (proximal anterior region). Note the low cell
density in the region where the RA-soaked paper has been inserted. These
mesenchymal cells show numerous cell processes among themselves. x 260.

Sections of chick wingbuds treated with RA (in DMSO)-soaked or DMSO-
soaked papers and untreated control at 48 hours after implantation. In all
figures, lower sides of the figures correspond to the anterior sides of wingbuds
while upper sides correspond to the posterior sides.

Longitudinal section of an untreated control wingbud. Note the prechondro-
genic condensation of mesenchymal cells at the region where humerus, radius
and ulna will be formed. x 40.

Higher magnification of Fig. 3A (proximal anterior region). Mesenchymal
cells of the wingbud in this region show relatively high cell density. x 280.
Longitudinal section of a DMSO-treated wingbud. Note the inserted paper
{arrow). Since the wing had undergone bending at this developmental stage,
only part of proximal tissue can be seen in this section. In this case, any sign
of duplication cannot be observed. x 40.

Higher magnification of Fig. 3C. Note the remaining paper segment at the
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G:

Fig. 4.

A, B:

right lower corner. The mesenchymal cell density has somewhat decreased,

but has never reached the extent as in the RA-treated ones. x 300.
Longitudinal section of an RA-treated wingbud (distal portion). A sign of

duplication can be seen as an expansion of mesenchymal tissue at the anterior
region of the wingbud (arrow). Note the aggregations of prechondrogenic
mesenchymal cells at the site of prospective stylopodial and zeugopodial
skeletal elements. x 50.

Higher magnification of I'ig. 3E (anterior region). Note the dislocated AER
(arrow heads) from its original position. x 280.

Oblique section of an RA-treated wingbud (proximal portion). RA-soaked
paper still can be seen at the site of inserition. x 50.

Higher magnification of Fig. 3G (near the site of paper insertion). Sparcely
distributed mesenchymal cells show extensive cell processes among themselves.
x 300.

Sections of chick wingbuds treated with RA (in DMSO)-soaked or DMSO-
soaked papers and untreated control at 72 hours after implantation, In all
figures, lower sides of the figures correspond to the anterior sides of wing-buds
while upper sides correspond to the posterior sides.

Longitudinal section of an untreated control. A; distal part: B; proximal part.
Note the extensive chondrogenesis at the sites of humerus(h), radius(r), carpals
(c), and digits(d). x 40.

Higher magnification of Fig. 4B (anterior region). The cell density in this
region is comparable to that of the corresponding region in the DMSO-treated
case. x 250.

i: Longitudinal section of a DMSO-treated wingbud. D; distal part: E; proximal

part. The overall morphologies are similar to those in A, B. x 30.

Higher magnification of Fig. 4E. Note the disintegrated paper segment (arrow
heads). Cell density around the paper insertion site is not so low as that of the
corresponding region in the RA-treated one. x 180.

Longitudinal section of a RA-treated wingbud (distal portion). The outline
of a duplicating wing can be clearly seen at the anterior part of the tissue
(arrow). In each wing (original and duplicating), separate AERs (arrow heads)
can be recognized. Also, note the chondrogenic condensation of radius(r) and
ulna(u), carpals(c) and digits(d). x 50.

Higher magnification of Fig. 4G (original wing part). Note the new AER at
its anterior region. Cell density is relatively high. x 250,

Higher magnification of Fig. 4G (duplicating wing part). Note the new AER at
the apex of the duplicating wingbud. The cell density is comparable to that
of the original wingbud. x 250.

Longitudinal section of a RA-treated wingbud (proximal portion). Proximal
part of developing humerus(h) can be seen. x 40,

Close-up view of the region where the RA-soaked paper has been inserted.
Only the trace of paper remains (arrow). x 100.

Higher magnification of I'ig. 4] (near the paper insertion site). Note the sparce-
ly distributed mesenchymal cells and extensive cell processes among them-
selves. x 320.
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