o & A &l F &3 K
Korean J Phys Anthropol
18(1): 29~ 43, 2005

2A thyroxine o7} go}dz & g7E 713
313 &> oA BDNF3Hf =%
AF ol vA & o3

e, s, FaE, 2ol UEE, 234,
seiz, 70, sae, HEY, Fod WEA
AN Gw A st wl, kA E 9 It
R IR L P R R B L PR

ZEY g Re] A3 F8-2 dof AAEEA o] EF dgleldh YR £F Fo] T E FFEo|vEtE

FAz7t FHEE P5d Fedel 52 el Heldzgads oA 4 gluth 53] wlebe] o iAo

dRlg A4 7)zbget AEH ez SFahe A Heldmeads vehy] 4o & AdelMe 94l 71z
4 sh= Aol thyroxined Foste] k&2

Falgt oz AT Holdzeast

otn7] $13te] AF Aol whel IH 24724

F 149°] 257l 23 BDNFIHf 2% :

TES A oz e mid 3572 Ao 43S AFT ¢=e & ¢=2e W4l dextrino
A

)
I
>,
1y
+
32
i
X
il
m?-

114,21, 2806 SAAA WA zA RIS Adstelon T F dnt Eoha
AADARA GAE ARG £ A7 A AT LD b 4T A 2ol

% i i 2EU RS nA% e Uehion] AT
WE o173 sIch A3 149) BONFIE P SATEE A 24 DT A, Y28 A
T AEaT|Re] ek FoeA Qskort A4 2 BmE +T,ZolHE AN EATE AL W92 B

9 A TARAE] A el $ze) Aeor ResA BHE FI dohlt 5 A oA
£ A3 Qg

VISl AN Holt T B AmE +TE APole) AT A% P Aol dmge

X
Eo:l%}b thyroxinee] 1 $<=9] 4 727l°] BDNFE ZEwﬂi«l AF el mA = Rl GeFE NAA
4 A&E AlAFeEeL w3t 24 thyroxineFed 2 Qls] 7 39 AF it 27]o] BDNFg} 282 217 ¢d<kql
ZM FAo] Z7kEe] Al F AT L FEoR Q% AN F2E BFo 2 WA HeldIagadd e £

=371 9l Aoz Y

i)

+, 283 43S v A3skT thyroxineg wid Spglkg =3} -%A]-‘}O% oze

ol Y| 2ot gloldz-2- &5}, thyroxine, BDNF 288 2, B35 Wi
M B2
*o] ¥ 2003d= AN Tw shedTH|e) A9E Pt A o2 SF3= oAAolA Hled oo
it : ot e Az Feprge] MaE Helt dollmesy

TAAA}: Age (@A o) e o) et aAl) =
A A8-7 : yyjung@chosun.ac.kr (fetal alcohol syndromej o3t 7344 o] ujl-$-

29



(Joneg} Smith 1973). ol a5 7
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7} 15k (Giordanos- 1992).
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alcohol + T, 202 3lgit o]¢} 722 2e|e} 2%
HAl 6YAFE] A 2HEe
N7 EE E9rE Wj7hR] A&k D42 &
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SA 8t e 28] peroxidasel A€ avidin-

biotin complex (ABC, Vectors 1:100c.2 343}
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%<l ¥olE<glc). Plastic slidell~] BDNFe}Adulk-s-
Az AL o] g3te] wolle] wjg] Fxls £
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o] BeEn g AL o] toluidine bluegd 42
Slod S A& H9E AT LKB A
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1. ¥ 23IAS3 thyroxine &

A, B, C229] ofn]7t M71E ERIsE ] 64]
At & ARAAE A G FHAMEZL =A1=)0)
wifje] A& (whole blood) A U¢zE =g, o
oA thyroxined] ¢f& ZAdle] # 9]
(Table 1). KruskatWallis tes2. 4| < zFe] &=
=59} thyroxine k& vlwst Ax} B 2o B3
¢} C 29 ¢=2& s=rF 474 sk e,
A Z2] thyroxine<ko] B Lol v]a] §-25A W)
o} (p< 0.05).

=
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Table 1.Blood ethanol and thyroxine levels in maternal rats

Alcohol- Control pair- Alcohol
Blood fed group fed group +T,group

A(n=4) B(n=4) C(n=4)
Alcohol 0.015+0.0057 * 0 0.01253-0.005*
Thyroxine 2.2+0.36* 3.025£0.30  3.275:0.56

Values are x+SD% for alcohol and xt SDpg/dL for thyroxine.
Asterisk indicates significant difference from the control piid group
(p<0.05).
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= #2434 99l (Fig. 1D, E, F).
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W B0l ¥Azez B} o Wiha 2 &

Mg WA Ae BFY & gloleh A ZelAE
B, Cell wls] fAekA ke =7)9) pubs A=
Fo| WAFGom AFoR Folrle BrEL
ekspl gAsglont Fele Feshl HUT 4 )
ek A ZolHE AF 219 0] Fojxjok BDNFEH-
2P EEe] B3 wjde] Yels T el
27 Ho] zgulEast e ZEse] THel
Pesident B,C 24 44 st slad & o
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BDNF miuhg- 4=, A% 4 31 BDNFIH-
zgAEe] Z7|7} o|Ae] el wls FlEH
Aol Hel7] AR AF 149 vAlF2E Al
ol M vlastaeh Al = mEA 2 Fodi-e
o] f1213kglem ddy et 7L 3t slslen
R mokg 07w sl

A ] BDNFI 23 zeME ] 77
7b g2 7 2ol wis Zlem A=A AAe] Ak
so] Sl Al BaA7h el R AFIA
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o 2449 AR Edste 5 AT He
Fel7h kA skt (Fig. 2A).

B Zellr: & =33t BDNFRH- g
So] ek AFH A o
7|= sigiARE 2 72 3l Bk FElsiglon o
T3] T Y z
A7 F EA e A s Sl A
om I Feeo AP EAITE] 22 He2 A
24 AA 2% HA s APH 2L IEE
HPoz wjdse] 22 HleAE YA = 3
Ak AFIA = ol wgtem o sfe] EAA
So] 3 F9]el uH ¢ s A2 s (Fig. 2B).
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2= 5= (Fig. 2C, D).
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7} B 3E ¢t (Ramie} Rabie 1990)E3l 3-89
=20 F o A7 4 m=guhze) g
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ot 759k wlmstelet 7 AP2e
A2l =g Agste] 2 AA7ES 71

RN

3

(4 ot

s
e

34

Fad uiEe

o)
=

F 24 A& FAbeloF sk
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HRAE AT olfe BF AL 3F3H(PT, P14,

P21)] Al gAal7)zre] Al WA AHR7] (third trim-
estery] sisln] o] AAHM TS AF 21
dAel| A4 423 =F3E= B3 S (Mohamed

51987 a, byl 7]Qlste] 24T Gy 1579 214
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2 AR A T, §F2 ofe) ATAE
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7 =g o1 Fol T, 2.5pg/kg/day=] s}t
3 A3 AF 7|8 ohle} due} 4xe] A
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T AT A% A4 F 45 Fypele] 1444
3 ol §AE FAAZAHE Bavt gl =
A F BRe] S 71
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91%io} (Nathaniels- 1999). & 4
=] 3| Nathaniels (1999)2 thy-
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& FIE AT Aeolrt o AN FIE
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thyroxme

A dN W thyroxines}e 438 +T,20) &3¢
Zo H)8] S0 e AL sAlElgloy U=
Py

<+ +To] d3E FHo o ¥4 veht 22
oko] thyroxines o Higlulgl= 7fA|njc} A
Y thyroxine xej x}o]7} 9)& Zleo|zt AzEw
thyroxine o=} FoJA|7]5 M2 of2A A3}

Blws] B Ax de% Ho=z AZE.
dde] Aoz A8 Fol o PEde
BDNFe #3 ® 3 (Das% 2001pi4 =224
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Bash vlas) F 9 Pe) Aol ozt YA
4 2770 BDNFE4 23ehi 27} 4l s}
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MRNAW =) cfe] Zrlel zgabize] 3§
ii}zﬂ. sz 2 Hgnkge] A=l dAdte] S
AAFgHE) 28y B Alsls}l Cambonis- (2003)
zpol M2 A oz el o7 F|o| Mol
BDNF gl wbalo)| m)x]: thyroxined] Fo &3
27] 98 A3 10¢ F9F thyroxines Fo3td| H]
3 2 Alge] AS A Fo = thyroxinegE FoJ3}A]
A 2 FAd 2A HellM ¥ A AAA A
7o sjst= =4 Aol thyroxineg Fol syt
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Lo =23 AS AF 1094 swfe} HjxR
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I Baspglet =3k 252 AA PAl7|zk ZEA
Aol =FF F "ol o F o] oAy B
HellA] BDNFe} NT-3 = of2 A4} <3} 2n]
U Zel7h gl ovt NGF el g 724 9 =
FHAAA 24 A F F7HRE o2 A5 10 A
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(2000p] Hae} 2 AY A= w|Fo] £ uf, 4=
2] AARAel o AAepIAe] Bao] o
H9)el wet M=z zfelrt glom UL x=EFH
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AFz25 Al FellA vlas] Bgled G528 o
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+T 2l FIARAE 233 AlZza7|he] F
et om HEaA A =3 FEEk R
2A] 437 =29 mAd i3k thyroxine 2|
7} BDNFsh 22 vhil §4& Z7M07A elasel
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Legends for Figures

Fig. 1.BDNF immunoreactivity in the Purkinje cells of cerebellar cortex in alcefiedl group (A, D, G, J), control paifed group (B,
E, H, K) and alcohalT4 group (C, F, I, L)atP7 (A, B, C), P14 (D, E, F), P21 (G, H, I) and P 28 (J, K, L). Mature patterns and
monolayer arrangement were reached at P14 in aledhajroup, whereas these morphological features were found at P 7 in
control pair-fed group. In alcohelfed group, the monocellular arrangement of BBNRmunoreactive Purkinje cell was not
completely achieved at all postnatal ages, in addition, the number of BBINfinoreactive Purkinje cell was decreased at P 28
as compared to control pafied and alcohol T, group. Scale bars =%0n

Fig. 2. Electron micrographs of BDNFmmunoreactive Purkinje cell in the cerebellar cortex in alcefeol group (A), control paitfed
group (B) and alcohelT, group (C, D) at P14. The BDNfimmunoreactive Purkinje cell of alcokhded group exhibited large
nucleus, small cytoplasm, small amount of ribosomal collection and rudimentary cytoplasmic organelles. The morphology of
BDNF-immunoreactive Purkinje cell of the control paied group was characterized by centrally located nucleus with a
prominent nucleolus and a cytoplasm exhibiting segments of rough endoplasmic reticulum in a matrix of free ribosomes. In
addition, numerous short segments of rough endoplasmic reticulum showed a tendency of parallel alignment and many Golgi
complexes were appeared in the perinuclear position. The cytology of BBINfunoreactive Purkinje cell in the alcohdl,
group was similar to that in control pafed group. Golgi complexes were found within the cytoplasm in a circumnuclear
location. Parallel arrays of rough endoplasmic reticulum formed Nissl bodies. G, Golgi complex; m, mitochondria; N, Nissl
body; nu, nucleus; rib, ribosome. Scale bars f1in7
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Abstract

Effect of Maternal Thyroxine Treatment on the Postnatal
Development of Brain-derived Neurotrophic Factor-containing
Purkinje Cell in Fetal Alcohol Effects in the Rat Cerebellum

Yoon-Young Chung, Yang-Soo Kang*, Sang-Bong Jeong, Young-Ki Kim?,
Jong-Joong Kim, Jeong-Seok Moon, Young-Lan Park, Jin Fu, Sang-Soo Park,
Kwan-Young Cheon, So-Yeon Ryu®, Choon-Sang Bae?

Department of Anatomy, College of Medicine, Chosun Univéiitgca Aesthetic Clinic
’Department of Anatomy, College of Medicine, Chonnam National University
SDepartment of Preventive Medicine, College of Medicine, Chosun University

Maternal alcohol abuse is thought to be the common cause of mental retardation. Even moderate maternal alcohol
consumption may produce fetal alcohol effects with behavioral and learning difficulties, if the drinking is associated
with malnutrition. Especially, continuous alcohol consumption during critical period of brain development is very likely
to produce fetal alcohol effects. The aims of this study are to investigate whether exogenous thyroxine treatment to
alcohol-fed dams may ameliorate the detrimental effects of alcohol on the postnatal development etBmbiRing
Purkinje cell of the cerebellar cortex of the offspring.

The morphological features of the growth and maturation were observed at 0, 7, 14, 21, 28 postnatal days via
immunohistochemistry. In addition, electron microscopic finding of BBdthtaining Purkinje cell at P14 was also
examined. Timepregnant rats were divided into three groups. Alcefed group received 35 calories of liquid
alcohol diet daily from gestation day 6; control p&&d group was fed a liquid diet in which dextrin replaced alcohol
isocalorically; alcohoH-T,group received 35 calories liquid alcohol diet and exogenous thyroxine subcutaneously.

As a result, a similar developmental pattern of BBNiimunoreactive Purkinje cells was observed in controlpair
fed and alcohoH-T, group on and after P14. These cells of alcefeal group showed immature features. Sirtdger
arrangement of these cells in alcokf@ld group was not completely achieved throughout postnatal life. Electron
microscopic observations of BDNFmmunoreactive Purkinje cells at P14 revealed large nucleus, small cytoplasm,
small amount of ribosomal collection and rudimentary cytoplasmic organelles in alfazhgroup. The morphology
of BDNF-immunoreactive Purkinje cell in alcohel T, group was similar to that in control pafed group. It was
characterized by numerous short segments of rough endoplasmic reticulum, many of which showed a tendency of
parallel alignment that suggested an attempt at Nissl body configuration. The cytology of Golgi complexes was also
found within the cytoplasm in perinuclear location. Those observed differences of postnatal maturation patterns
between alcohelfed and alcohoH-T, group may indicate the beneficial effects on the postnatal development of
BDNF-containing Purkinje cells in cerebellar cortex in the pups of thyretieated alcohelexposed dams.

These results suggest that the increase of BDNF synthesis during early postnatal life caused by maternal
administration of exogenous thyroxine may ameliorate fetal alcohol effects as a result of the dysthyroid state following
maternal alcohol abuse.

Key words : Fetal alcohol effects, Thyroxine, Braiderived neurotrophic factor, Purkinje cell, Postnatal development
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