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ABSTRACT

Effect of maternal thyroxine treatment on the posthatal
development of brain—-derived neurotrophic factor—
containing neuron and protein amount in fetal alcohol

effects in the rat cerebral cortex and hippocampus

Hyun, Young-Sig
Advisor: Prof. Chung, Yoon-Young, M.D., Ph.D.
Department of Medicine,

Graduate School of 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 malnutrition.
Especially, continuous maternal alcohol consumption during critical period of brain
development may induce fetal alcohol effects . In this study, the author investigated
not only the effects of maternal alcohol drinking on the postnatal changes of BDNF
protein contents and patterns of BDNF-containing neuron but also the influence of
maternal thyroxine treatment on the postnatal development of BDNF expression in
cerebral cortex and hippocampus of pups of alcohol abused mother. Time-pregnant

rats were divided into three groups. Alcohol-fed group A(n = 4) received 35



calories of liquid alcohol diet daily from gestation day 6; control pair-fed group B(n
= 4) was fed a liquid diet in dextrin replaced alcohol isocalorically; alcohol + Tj4
group C(n = 4) received 35 calories liquid alcohol diet and exogenous thyroxine (5
pg/kg/day) subcutaneously. After the pups were bom, the pups of each were
fostered by surrogate mother. The amount of BDNF was significantly higher in the
alcohol + T4 group as compared to the alcohol-fed group at P7, P14 and P21.
Especially, alcohol + Ts-exposed pups showed a significant increase of BDNF
amount at P7. In alcohol + T4 group, the amount of BDNF was higher than control
pair-fed group, in addition, the decrease of BDNF amount was found in alcohol-fed
group compared to control pair-fed group at all ages. Alcohol + Ty group showed
mature pattern and numerical increase of BDNF-containing cell in cerebral cortex
at P7. In hippocampus, the number and immunoreactivity of BDNF-containing cell
in alcohol + T4 group increased at P7, and began to decrease at Pl4. However, in
alcohol + T4 group, the BDNF immunoreactivity in hippocampus continued to show
prominent configuration until P28. This study clearly showed the increase of the
BDNF-containing neurons and BDNF amount in pups of thyroxine-supplemented
alcohol-exposed dams compared to alcohol-exposed pups at P7. These results
suggest that maternal thyroxine treatment may induced the early stimulatory effect
of BDNF synthesis during the postnatal development of cerebral cortex and

hippocampus in fetal alcohol effects.
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AR SFE e A4 "ol dote A JedAe ME xd s
€ Holdz2ZFF T (fetal alcohol syndrome)ell g Aol w9 =th(Joness}
Smith, 1973). HotLdZEFFTL 53 7| Fol, N5A3), AFHF, FAES=|
< (mental retardation), A3 -9 229 @ F(microcephaly) 53 #& FFANAAS
o] o] YElE ®ut olyi AR dF3E HFN ASAAF, 718, uAALF
A FFHA, S5UFE Wzt R HAATY o} T& APAHE A2 F
RAoe 42A 3lvh(Abel? Hannigan, 1995). 53] w#job#Al(embryogenesis) #4 %
o ¢dFge] =EHW "ol gy LxFI i ojfo] Fiadd oy Y A
HE doA di¥ dgiA Z42E 20T ¢ o o3 dAle Wale FENAAE
o] 79 7159 §HAdisruption)ol]l €3 o4& {Hud Zojztxm 3t tH(Richardson
S, 1985; Abel, 1996).

Rosenbloom 5(1995) AU RE& F5AE FAHsA &

#A3tA L CTY MRIE A ol & YAt 53 ¢4=Zg F
I Aol o] A9 FEA EFFAEY 2E 2 AAY
(Sullivan &, 1995). &Z&dl g A¥e AL Lxdy e FFoA g B
Aed, T2 A AFHY =3 g MAAL 4A¥ ALAdAM F2 YEYn
a¥EY e 52 dojur GAW 3L F8o o A
U3 Yagdd Wil Yedes Aog Buso] di(Victor 5, 1989; Raz 5, 1992;
Karhunen %, 1994). Nathaniel 5(1986a, b)2 ¥4l 6doA Eurd o7tz ¢a2&S
AAT dA ouldA eojd 2 M7E9 FF5F ¥ 2 & 47 Zae 2H =%
vhAl el weEd d& A 2 Aol F& Hd, Goodlett 5(1990)2 A
A g3 =3d A N7 2FHAE #71 A3 Zisdn Lasc

facs
ric

i)

ol



ol zF W AHE AU TAG FEHR F=dtd "H”]‘:Q] o] 43S v
9 olE wHdttn Y or(Nathaniel 5, 1986a) Y4l F Lz Lo

=29 ojn#nt ofyet gojd 79 A W thyroxine ¥o] BT A o
T A o A 7)9% RAY 4 Uty 3 tHHannigan¥} Bellasario,
1990). FHgAZ22E B Foll wl¢ T2 S dt=d HAANIEE AP 9
A ABAZL F43 ol Fofl, ol FA Fol & AFYAY Ad 59 2L FF
NBALZY ey WS 2A3%71E drHRami 5, 1986; Rami$t Rabie, 1990). &=
< neurotrophin(NT)¥ 1 849 2dE xAdu A 379

thyroxine® HFd3ddy o o HollA nerve growth factor(NGF)$}
neurotrophin-3(NT-3) mRNA 2@do] 78t vteE »u% 9JtH(Giordano 5, 1992).

AAMEDRA7] 59t AT =2 A

rO
-,

74 4 <1 " neurotrophic factor)
el AZBAE FANL FE Utk AFGEAAE B FA ZZAAATAN A
BAES] AE, 23 R FAS 2N ARG $A AAAEY 7T E FXste=d 2
H3A B H(Chao, 1992). AR FEAAA G & o8 AXE 9% NTEn
L 3t=d dlxF o= NGF, brain-derived neurotrophic factor(BDNF), NT-3 %
neurotrophin-4/5(NT-4/5) 5°] 1tHEbendal, 1992). °] & BDNF= FFAAAE
AAlel AA FHeAsA 2= 53] #vt3t4d A(hippocampal formation), o 2
4 2 HEHZ A (amygdaloid complex) oA Wol Wiz ZAA FAH v}
o ABAEL FAdA qFPor FEHe oZ dex JtKHofer 5, 1990;
Phillips %, 1990; Wetmore %, 1990; Distefano %, 1992). =3 BDNFE= 24 3 3
a ogEd =2% 9rAE f#ol F7tE9 (Friedman %, 1991 Schecterson®}
Bothwell, 1992), d& ol F715l wet A ZA=HZA ol BDNF7/F A%d F541
BAGAAE AFAHY q48s & ozt g ARXxm  UtKLapchack %, 1993;



Narisawa-Saito®} Nawa, 1996, Katoh-Semba 5, 1997).

A Qe dme Fool I FEo FAVEAAL doslk HE BE Ao

2 AR k. 4F9 FF Fol AUAA gt AF d3& FEo2 AT Ho}
o eI 4o wAeE oY A AT S JEdle HoldmngFF TS
z#sHA FojEle AR &F Fol FUAE FFEL2 ALHo|n JFAxI} Fub

Hd 5 dgdel & dvehlle mobd & A Hfetal alcohol effects) & oF7] A
A 4 Jded 53 dHote] ¥ @A Auigd ARH 71 T HjAY A&Heoz
SFete B¢ "Hotgdzgads vehirl don ¢eld ltkHankin, 1994).

metA B d7e 94 F SFE dotdE2ast wEd FEF A&
£ 3 U&= 4 AN thyroxines Foldte] Bojd FE9 diHPA 2 dulellA
BDNF & AQAEe] A5 A3z 2 vxe o dall Udotrr] sto A
FHoz FYol ¥ A Hold A3 diPE R sjvist 99 F TolA H
ot A diH¥ZA 9 duielx BDNF ¢ "2 34 wie o]§3 BDNF
i AAAEY] EE FAS AF 0,7, 14, 21, 28 dolA A7 vl BA stz 314
o.

o

=
B



AdA=s 2 By

1. 435 &7 483

A|F 200~250 gm®] Sprague-DawleyZl &R dH 24 vi2l & A} wujAA ¢
A6 48 4 vy A 3 YA 12 vtglE & T2 ERIAT A 78 AF
oA FolsEls 30 % ¢E&E i 35 A28 = HH3A 84 alcohol 22, B
T 43& A dextrinel 718 A% dFA(Ensure® liquid, Japan)S A #3 2
2 ZzHz Y A3 A 39 control pair-fed w22 ATk £3IC & A &+
Zol 35 Z2g dzZLE WY MFSA sz thyroxine(Ty) Fo EFE 9
L-Thyroxine sodium salt (Sigma)E NaOH &%l =] v 5 yg/kes YA ojujg]
E 5284 93} FA5 alcohol + T4 w22 T o9} & 2lolgt HAE ¢
A6 dREE Az ZE QA onEo] I 7SS EnE d7A] A%sArh
D #& EE 9 F 94 on] o 2 2F 12 vtz 37 Alge ES ARFE
A AR st vl Lo A dFAE 22 9] cagedld W2 AM{sa 21 T
AUEe 12 A Jegx=d4 S dFA0

A, B, C ToA "ot 75 &4 6 Aol A Fo| 1 ofujs} et D
9] dEBA 715-A ek & ojmdA "Hold 3 uje] MAELS TE ujo A
NEFH 4olA] FEF D T & d227} 3 cagedlA 71955 e o o of
gRAAE A7 g E& ARFA AASES stk D ToA "ot A7ES
el 2& Agsto QYA & F Y7E74 EeE A B C T oS vk
o] AFANEE ¢ F S4HAZ 2o Y il ¢3E FE9 thyroxine & 54
3o FAIAE A H(Table 1).



2. 24Ag 2 Z2LA%

& cagedl A 1 wkel® F ZF FollA 4 vl ol HE AF 0,7 14 21,28
(PO, P7, P14, P21, P23)o) 3 AAATH Z TollA ZF Axd=E 2 el ¥ 2 BDNF &%
9] Aol AH837] fste] vy F ulE HE Ao A Az de -70 CToll B
AT AT 0 97 7 do AHAIFTELS dHEER ynR dH HIFEL
pentobarbital sodium(60 mg/kg, T A F)S Hukgto] FAleto npAAIZ oS Jl5
& du g #FE =S AU ¥, heparin (250 unit/ml, SHAHE -3
Aeddez #AFAES2 01 M phosphate buffer(PB, pH 74)9 =< 4
paraformaldehyde -8 94o]t} Zamboni ZA N2 #F AT g HE AZFso F
Ast nAQde] Grt 4 CollM 12 AF T3k Free-floating o2 HHZZ
stetg e Algsly] el AR HE2AL T g 30 % sucroseol] ¥ 244
b ol AAHAR F AuUle] FAAHAUIE o] 3B m FAL AL5AL THAAAE
A28t} glycerol® ethylene glycolol #-f¥ A 78Ho] Fol 4 Toll BA5Y

rO

3. Total protein isolation®} BDNF ELISA assay

~70 Col AFE ZF o d%5d o F dH{ZA 2 sivkrb FE =2 100 mgol
lysis buffer (137 mM NaCl, 20 mM Tris-HClI, 1 % NP40, 10 % glycerol, 1 mM
PMSF, 10 gg/mé aprotinin, 1 zg/mé leupeptin, 0.5 mM sodium vanadate) 1 ml& 7}
stol Eastgth. 30 = B9 Lol ¥obE F 4 TolA 15 ¥ F<F 12000 pmOE
AR T JHAS Rt Bed 434 BSA protein assay kit(Pierce,
US)E AH&319 total protein ¥& FAHE F 7} A& FLE dol THHAES JF

stk A w3 total protein 300 pgd - Ao A3t BDNF 42 dA] Al#s

N

lo



i 9= BDNF EmalImmunoAssay System (Promega)e A£3t9=d] WA BDNF
8Ll E carbonate coating bufferoll 314 &e] ELISA 96-well plated] 200 ud/wellS
wjated 4 CTolA overnight 3ttt TBST Wash buffer (20 mM Tris-HCI(pH 7.6),
150 mM NaCl, 0.05% Tween 2002 FA§ TS standard curveE 7] $3A
standard BDNF& 1 x sample buffere] @A 2 343lo] FExjs] & & Az A
Z(300 ) A Z7 200 wi/wellE Euljste] H20A EEoFHEA 1A w5t
At tAl FAFY & 23 FAZE anti-human BDNF pAbE 150022 3] 23}
100 pb/wells Euljste] HA2oA 2 A widstan FAE F anti-IgY HRP
conjugateE 1:2000.2 343l 200 wl/wellS Eujsta] A2 A A7 vlgsslo
3 % TBST Wash buffer® <413t TMB one & 9& 100 wb/well ¥uidte] 10 &
Z+ ESolFn wEAZon 1 N HCl 100 w/well & tldte] §E8& AAANN F &
"o =A7|(EIA reader, Biorad, US)E Al&-3le] 450 nm 9] HFoAM FIZEE

@ F BAdgth RE AZe 9 o4 4%t 1 BFRS AF FE A5

Er

AN
o

4. BDNF %49} 5AA=

Kruskal-Wallis test2 Al @ 9] ¢4:E& HX9 thyroxine & H|ustdq P gk
S T8 F 43 ou Je F F 78 vud Bazp EAEAHANOVA) F A3
A (Post Hoc test)3-$1th.

5. ¥z 55t Al

Aggde 2@ 22AMA F AHdA R fetrp £dd HAAE o 5 Fepi 1



AAE #H3td 0.1 M PBE &AM A £ T k84210 E Ak U
ol FAstg i S AAdgoen i 01 M PBE A3 £ WA zz sk
5 AAEA .

d
Aol 31 AR v 5ol ¥kg& Fo]7] 935ty 3 % ZHA (normal horse
serum)S A2 1A17F wS-A e} 12 &3= BDNF 83 (1:500, Chemicon)S
g3l on 4 TollA 24~48 A1 T JAFAZ1EA wgAIHAY. 2 ¥ 01 M PB
2 1084 33 A4 3AES Az e, 23 A= biotinylated horse anti-mouse IgG
(Vector, 11220008 A2A 1 Ak wgA2 F, 0.1 M PBE 1024 33 33t
18] 1 peroxidase’} E A€ avidin-biotin complex (ABC, Vector)E 1:1002.2 3143}
of AgoA 1 Ak 7k wgAIZl F 01 M PBE 10 #3F thA 33 A8t UA
3,3" diaminobenzidine tetrahydrochloride (DAB, Sigma)E tris-buffered saline (TBS)
of Ho 7|dgHoz AgaHed ¥ A H0:5 0003 %7t HEs H7sA
onf, AdA 5-10 £ WA F HulAsted Ly FegE A, =%
EM & %+ nickel chlorideg DABOl &3iA#H «#3tx 0.003 % H0.8 #H7}shod
BAukS-S Q1S 1 % TBSE 2~3 3] MAT 3 4% 2A-WVES Adgd

o] yjatg &efol=o R3] A2oA 12 AjZF o] AX3 g, T FA A4
Ao =g



a ¥}

1. 9% 43&5 thyroxine ¥%

A, B, C &9 ou7} A71g E9g A 6 A Ax Ad T AFHAARE a4 o
S AHMEL FA4Ao] BuUo] HAd(whole blood)oA ¢TI FTEE FHNA
thyroxine®] %¥& Z#A3sto] A3Z AYH(Table 1). Kruskal-Wallis test®Z A 3]
dZE FE9 thyroxine && vl Az P go] ¢3:2E&2 0.014, thyroxine2 0.022
2 FARHo2 FAsA o] FAA ZE v = F T 79 Bl rux &
ArERASAEY B w2l v A o C 29 ¢2E F=7F A7 fo%
o7t dRem C 9] thyroxine ¥el A | vlal F93HA =%t

JlN-

=]
A Y

o

2. BDNF ELISA assay &7

BDNF 42 AF 7, 14, 21 9l C A A ol Hl&l AAsA F7tden &
3] AF 7UNA 230 + 26872 JMF A FAHJG AF 14 48 A &

o BF d¥HAM A T3 B T ol 7T Aol BFHA ¥UYH. B ¢H C &
k9] zolE Tz BY AF 28 Aol B o] C TEY R A FAHAJE o
Hzl dEdds C Tol B 2Rt 4 =4tk A% 0 4S8 A B dE T A
F 21 49 A o] 125 £ 2122 7B st @EkA BDNF 42 2E A% A"
A A Zell vl C TollA EA FAHENSY AF 28 Aol B T H°E TER

B #3% C  gel 2 Aol galrks A2 & 5 99

B

o A =A SAHHAIS
t}(Fig. 1).



3. BDNF 3 A3 A%e &%

D 24

AE 0 ¥ B &9 AF I, O FoA mlAdsstARE 7171 F3ld 259
BDNF &% A7ZME7 sa8glon A ZoAE V, VI 244 sl 948 =
7t F88lA G AT s BAHUL C FAlME 1 FHE VI T A ZatA 4
Ao 7177 53¢ MEEC] v FZHAR(Fig. 2A, B, O).

AE 7 Aol A T C & BF gix Aol do)A Mo FEeXA YEle
U C @0l A &l H& dxZA AFA AA F3n 31 2715 71 2 MEE0]
o4 BRHUTG. B FoAME A5 Ax BDNF 34 NZAAL7 BREYEY 535
V FolA T8 A cH(Fig. 2D, E, F).

AF 14 Aol B &7 C TollA e ol A7l vlaf AE 717t AR M2 4
%% A7l BDNF &# AZAZ7E dFEJou A ToAe ojde] A5z & A
oj7} gle FEYAES Jetlltk(Fig. 2G, H, . |

AE 21 43 28 dolle Al & EFA ojHe d#H 3 nlws oFzte] MEx £ 7
27F RS ¥ 2 s glol AT

2) 3ivt

A% 0 Yol BDNF &4 ABZAE7 A Folde veyx gskern] B 3 C
ZAA e CA3(cornu ammonis 3)¢] AR &£33ded B ol s C o] 2t
2 Fig. 3A, B).

AFE 7 Aol A FAME FANE AAAE 2A8YE ¥ ollet B, C ¥
2% A% 0 gt AN A¥e REyL Frletgch A 9 CAlAAE m$ <

g kg YEllE Ao AMERe] BEHUZ CA3NAN 7 @] EEsen

R



CA2sF Hojolgel = w2HA 9igkch B 23 C 2o LEPIS fASHAEY
CAL CA2, CA3 2 XoojgrolA Auts MESo] BAHAYET T F CA30) 7%
test Bxstdon Aofolge| N 24ure] BAHUTHFig. 3C, D).

AF 7 Lol Al F BTN CA3IAe W&o 74 Folate] Al o CA3GIA
BDNF 3 AAAMES] £EFHS el vlmajwd B o CA3 satotZoA Al
xo} Rty E7] R AABE Fol /A FASA BFHYLH C FL B TRTE
9 EEQAT Ar1E FAEIGes A Fol wsdE o TG P4 vehac

AF 14 dell A FelAME CAlYl F3F FANE AEEC] YEldon CA2 =
PSS UEY oy difie F3 2§ ddd A= CA39 Xoto]dtelx BDNF
3 AAMEL AF FRHA gtch a2y AF 21 7R E ¢ @Ee] CA3NA
AR F4ute AEEC) A% £dIdAY. 53] CA204= B #3 C #ollAs BAF
7 dojl olm] AFQutSS YeElWout A FeliME o Rt 1 F A NS AE7}
Z3# s h(Figs. 5A, 6A, TA, 7B, 8A).

W AT 14 Uoll B TollAE YREANA F g Uetded 53 CA3%
olol oA 7} Felslgen C *% B T3 EXUNS FAIG oY SAdukS
AXE 75 B TodA oi$ FEHAA g4tk AF 21 49 4% dHo CA3AE
A ol ¥l& B, C #ol F33 JAduhg& vel¥ch(Figs. 5B, 5C, 6B, 6C).

CAlolA el BDNF 3 AZ4AEE B #3 C ToME AF 28 A7AE A% &
dagou A FAlAE AT 14 4d71A] 2859 S ¥ 2 ofF AR E BEHA
gtk AF 28 Aol C w9 HololFolAe AF 14 Ao FEFET FASHA #F
5 2 cHFig. 8).
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Table 1. Blood ethanol and thyroxine levels

Alcohol-fed group Control pair-fed group Alcohol + Ty group

Blood A (n=4) B (n = 4) C (n = 4)
Alcohol 0.015+0.0057 * 0°" 0.0125+0.005 *
Thyroxine 2.2+0.36° 3.025+0.30 3.275+0.56"

Values are x * SD % for alcohol and x * SD gg/dL for thyroxine. *, " indicate
significance at the p<0.05 level determined by Post Hoc test after ANOVA.

._11_



BDNF ELISA assay

300
—a.— A
b B
250 A A C
£ q 4
; /
Q
* 2004 .
o A
: AN
. L \i e :
: et
m
100
50 T v T T v T v =T =S

Po P7 P14 P21 P28

Postnatal Days

Figure 1. BDNF protein was measured by ELISA assay in postnatal days 0, 7,
14, 21, 28. BDNF protein was significantly increased at postnatal days 7, 14, 21
in the group C compared to the group A. In paticular, BDNF protein was
highest in the group C at postnatal day 7. There were no significant
differences between group A and group B almost all ages except postnatal day
14. This data revealed that BDNF protein was higher in the group C than in
the group A at all ages. A: Alcohol-fed group, B: Control pair-fed group, C:
Alcohol + Ty group.
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Z

K

AL Fgol A 71 gL v st dFE F8ol AyYH
gy AdFoer F 4 A7AFH A3A Wemicke-Korsakoff FF o= A#
o] vt A XA =HUHLanglais, 1995). E& ¢IZ &7 AHA Do) AAA
o] RuEy] o]dRE 4AEL FE3 a2 AT € o}dl(thiamine) ZHo] 4 7}A
A% EAE 28 & doked #4E 23 QoY nFoAe d3gn dasid
i Agt ol Algslm Hel Ao JAe 483w gukm ®3E oHRice,
1993). HZ dF9 42L& F8o] Tt o] HeoldAEFIT U BAHo] &
o}x)x g9low oju] Ejo}dITEFF T AHY FHFEHL I de#x UHClarren,
1981). EZ FAMIE 8ol FFADBAY 22 T AL & Aozt K
(Rami 5, 1986)7} A& ¥ 43I EEZ AY 3 715 Astet #Hdo 2= B
o 2% ojidel disted #ASL ZtE A7t BaHYTHRami T, 1990). AHoA &
L 2D thyroxined &G RoE BH 430 =EH F gHold o)d FHqAM &
¥ ZFaAEe] 43 &3i7t A FelA Hold A g vlE] AAdHAGL stF L
o) (Mohamed %, 1987a, b) €¢Z &M T4E FTAll Fog ojmox dojd o] FH9
Aa¥ ZZHAEE AAA oz BFF A YA, YeiAE 749 Y
A 2 FAZA7L 2L FAA Eold oA FHAS wE FrMElddE Ru
(Nathaniel 5, 1999) 5ol AArh

B APdAE gAl F SFE Holdagans fLAzl 9
F& 33 Q¥ YAl HFH thyroxineS WY FoAsta] ®Hold old Fef o B4
2 #juio]lA BDNF 43 BDNF 3 AAAE] AT A7 dd F3& A3
2 Qggelrt F33k ojulelA gojd F9-o vusgdn. B APeAe 7 43T

o mAZ B ¥ Ul RE Agste] 1 AZES A SAED T olfE +H

ol

2

N

_13_



A e BE BA dae Hastelol &t ol Nathaniel 5(1999)0] Bigt v}
9} Zo] A 7 C 79 ojuls ¢FL) =25 0] oxytocin #H 7} A EH FF B
B 7} 7Aastd, ojnle R Aw dFL HF Fdez 3 PF WUIE 2 T
Aol la A & BFOIA BAe A7zke] 2HE HAAE FAANZ AAMA AL ®
3 B Ao A 0,7 14, 21, 28 ¥ HE AHEF olfE AF AL 3 FUPT,
P14, P21)o] AFs a7k} Al WA AHE7)(third trimester)ol] 330 &) A
AAEE] AF 21 & A AT £Edrt=E B 5(Mohamed 3, 1987 a, b)
o 71038t FAF FHE | FY BHoE AF 4 F71A BDNFEF A7ZAEe] A
543 E Py oz AAstn 1 @F o WMEE A RA oA,
Nathaniel $(1999)& ¢3z& o] AN v ¢IFE + Ty ol vl&] &M =Fu+
ALY Fg Fdo] 1 FHAE AAdH AZIgn st Aoz o] 33
%o HojA BDNFeol #% Hi(Das 5, 20004 wxZA EEs+= BDNF
mRNAE A% 3 5 Ao, BDNF @32 A% 2 F Ao Juxd =gdgdcta e
g 2 APAE B oA BDNF @9 o] AF 14 dof] HuXe =2dgozA
Das 5(2001)9] 21} FAFSIATE & d7ol4 BDNF= A o ¥ C TolA H
ot AF 7, 14, 21 9 oA FH9 diE E dfutelA FAF F7HE vElen 4%
7 de] C FAM A Fo BE dF FoA P =A4A SHHAJE B ohet B T
B} Fe15lA BDNF &% ko] Z713tglet o= A% 10 @ ¢ thyroxines F9
& ¥ F743dA BDNF mRNAE AF 7 4, BDNF£ A% 10 ool dASHA F
7bat k= Camboni 5(2003)e] R el FARIAAT & Ag el xo]H-e Camboni
5(2003)& A4Hoz dHojd old FH FA}AA BDNF @9z &) A&
thyroxine®] %o &35 B7] 93] A% 10 ¥ 59< thyroxineg Tt & 4Y
A e AT thyroxined FA3tA &3 &F FA EA WolA ¥ 249 AAH

A7le] dgste &4 Al thyroxined Foldtgivh= Aolth £ ddolM AF 28

>
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AL At i AF ddolA C ¥l BDNF &9 %ol A4 Frr} F7}
don RE AF A A Fo H& C TollA = SAHAJD AF 7 Ao A
2 I3 C oA Hold ofd Fel H Aloje] BDNF ©¥ <& Zolzt Jdx vin
A AR F T Alold & Hole Ut EF AF 14 4§ Addae B #H
C o Abololm 2 Aol QAo A Fol B Fol Hsl =& dAH oA BDNF @
%ol A ZAHUY. Heaton $(2000)2 A ol dZ&o] =FH A$ AF 1 ¢
of ¥ ulf-&olA BDNFE A4 &3 & Aozt glol fAlsden, 24 F 1 A
ZF H 7] 7H(brain growth spurt period)?l &4 ¥ 4-10¥c)] ¢HLo] =5H ALE=
AF 10 Lol ampell At FA o] Hla AAA<0 BDNF @ d F717F A w
2190 A FAREIAY @A SAHAYDL musigdo. B AFdME A 79 A
F 0 ¥ BDNF ©@¥A B &3 & zoj7t Yoy A5 7 Ao & #9f &
AFEG 71F =4 SASEJOY A Fo]l B R FUEIA = ko] aivloA A
¥ 7 €9 BDNF & AZAMEY EXFFE vb7tAAT AF 21 o ol%9 427
2 Heaton (200003 #Atstglel. 22y BDNF %S o H9jda pulsie &3
sl £ "art & FHojelk AT A A Fo dAE wFo ug
BDNF @@d @@l Aol7t A& 4 Avke A= wiAT 5 ¢g& o

B Ao dAdzxzsstd g A, C F9 g2 AdAME 1 23E VI &7
A AZ AA &7/ FHEn ZAsA 449 BDNF & ARAE} BF 0 4
Bl & T vlal g @R AF 7 Ao b FEaon A Fo o4
g g AT ME 7% C Fd vl 2ok sivke] CAlY A$ B &3
C TolXe AF 7 Aol FAwkdo] Yyeston A% 28 A7tA ALH oz G4 A
EEo] Ao A FolME AF 7 doll vf$ A4 wgoz YEl AF 14 ¢
A FAANkSS Btk CA20ME B o3 C FollAdE A% 7 Ao F33 FAut
$& Ueloy A & AF 14 dd BF F3laA et § o]F AAdqAaes @

oM

ot o

o
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Z= ] ¢okch CA3AE B o7 C ZddAe AF 0 dFE F4vsS veplln
AE 7 Yol F ST BEXE BIoY HA #Fa

of FAutgo]l Yeln Ao FUMAFE ¢ dHoA &5 veldth R olo| A
E A% 14 49 B A 7 F3l3 &S Bgon C FdAE AF 28 dAA
T PATS AXEo] ekt aetd 2 P9 A sntdMe C A giF-E
AF 7 43 14 dol BDNFEF ABAE7 S7hstdve 2 & 5 Aded olE
A AAFHQ FA IRl T2 2 sivtelA BDNFS} 22 NGFA NTY 1
F8419 mRNA 2dE& AF 10-12¢9 F7HA AU Ba S(Liesse 5, 1998;
Roskoden %, 1999)3% #AMte &4 A EA ) thyroxine F92 &4 & 1o F&e
BDNF & AZMEe] AAe uA= 4] AF A< thyroxine F9 &7t
FATHE 2 % & den sukel ®at B4 F A% 2o A7 AF 10 Y
7ol BDNF mRNA 2 g9 ddo] thyroxineo] 8.3 9&& v& Aoz Agd
1=

T JAEA Aol Aol F7rEFE sule] CA2E ALg dF-E9 sivt
ARMEY MEXH 2 E7]9 BDNF dHWgo] HAsFAtte Hi(Hayashi 7,
20007 Aded & Ade 4 £ duldlA = BDNF i AAAMEZL AF 14
d o]F dHo| FEFHF I FE FAAoY AF 28 A7AE FRAY FHNS
< Yedlo.

Axgolel FA7IEA3E LA FA A7 (cuneate nucleus) E Ao AU
(anterior horn) 5ol dAFFE ZAANA BAY d3d F8& F FA 759 o4
o2 Q% FFAAATY A AdLFHE Aol AE Aol AZEHA HAUAGY
(David¢} Nathaniel, 1981; Thomas®} Nathaniel, 1992). Propylthiouracil2 S=% A4
Aol A7) 5 Aol thyroxines T3 2% Hel 4&x A 717 Added A
F 21 doll FAg At AF 14 4ol £ F 5ol o FEHAD 237 AAqS

=
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i1 3t th(Nathaniel 5, 1988). Nathaniel 5(1999)2 ZFurM X A3 Xde ¢z
&3 I ARIEY Tl ¥ AR O thyroxine AstetE Aol Jvn =
O & 4gdAe ¢3&d =559 9 W thyroxine ¥=7F %2 ojuldA] glojd
o FollMe AF 14 U o|F2 AXE &Ldo] Felaglaey ot &4 A AT
A3t AeloA A4 49 BDNF i ABAES] AF HFo= A4S v Ao
2 A4dd.

2 A A Teo §%E o7 759 BRud A AP
Propylthiouracilel ojaf FAA7]5 A8t A7l fr=d ofd FAd T4E 25 peg/ke/day
HatFAtg A9 AT J1ET ol Mo AMe e HAANFHoH, AA 3FH
o 15 pg/kg/dayd] TeE 59 A% FF F A5 A0y AZAN} Bo|PHA &
ZAAHA T2 R H(Nathaniel 5, 1983; 1988). watA ool 9} vt F9) ea}e] 7HA
Ao 715& FANINA F2 2L =& 93] A3tE thyroxine ¥& FH3 HF
st7]ol A 3gk ol 5 pg/kg/dayet 3 ch(Nathaniel 5, 1999). % W thyroxine
F=o] #% Nathaniel $(1999)9] E 1o)X thyroxine ¥4 w9 F&7F 34 &3 &
& T Atoj9] HAAHLn thyroxine gol &EE FHE FoAF Aot ARy
A4 e 28 edda sged & AddA Za9 ) W thyroxine ¢ C
Tol A ol HlE F3A & AL fAIAoY C Fol B 28t 24 SHHo
AAwi 2 ¥& Fo4FdalE thyroxine %ol Zol7k A& Ho)g AztEw
thyroxine 43 FAA7IE ME t2A A vlud Be 3T Had Aog Algd

oy

B2 AF An 432 =EHAqudE ZA dolA thyroxined A&4EHoz R4
we AL 4 F H BDNF %ol AF 7 dell 714 F1e e #uk ohyat gy
Bodvl 5 R o §9clr BDNF % MNAMES EXx7F 4% 7

Aol 78 Tzl XA et Ao Hol EA A thyroxine K47 4 F %7]9
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A mHo &F2 A PYAMUEEEo] #HAdY TAHE FFAAATY oS
thyroxine F942 RAAZd £ A& Re2E Algdd. 22} Camboni 5(2003)9] X
o)A EA Z7]9 thyroxine ¥ F 4 Y9 @ AAAA= AF 10 Lol 9]
BDNF #tg AXE 71 fostA Zdasdod A4 dode A% 10 43 AA
Abole] & o7t AT FPoER AF 28 A o|F9 AYF} HA H =33} F
S 5 oS dAA A Wt S v B et & Aew YiEn.

ol e Ang FTFtdl HA BA 43E&E HFE AT FAHEERE FFo] g
o mAE fFAF dFE &F FTU EA thyroxines FAF2LEA Hold F&EE
ol 4 x7]9 o ZAd 2 &vle BDNF §4& 347 BDNF g5 A4 A E
AE g A fABHI FAAZIAY 22X £ J& Ao HAY.
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A%l F:E ol ol AULKAAY TP AAo|v} YR &F o] 37
AE $Eodds 9FUEst SUHE Y50 G5l 52 Ui deldanen
38 oA 4 ov S8 wole] ¥ WAl sluE FAH FZHcritical period)
Fko) A&H o A9 BolIALAIE Urhy) 4ok B 2PN E o

L =4

ks

fot
o
N
o
e

Al 717 & A&H o AdFLE HFHSE EA thyroxined Fo3to dx&9 &
3 Jdgoz A% HoldILAAE NAANZL F UAEAE Hold 87 d 2A

9 siuhel 4% el wek BDNF @ AZALY 293 4% $48 Basgn

o9}l Bsla Alge BS AHEA AFAste de 2o 719A stk g uje] A
7] 198 ® & 4 v E 0, 7, 14, 21, 28 Yol A AANA Wzt AP
on 7z} FoA Z AP AR 2 vpe]¥ & BDNF &l d FA o] ARt

2 A3 A3 BDNF %& ¢HZL + Ty TolA &3 o vl AF 7, 14, 21
Aol F3 F71E yEldlon 2 F AF 7 49 ¢3E + Ty TAA 7 =
ool A FRUZ FEA FUkesg ¢2E& +2

A
o
i
32
tjo
RE3

=

3l
AFE + Ty T9 dlvloAe A& AF 7 47 14 U] BDNF &

Q
&
7} 2ol d#o] F71d+5 BDNF 3w AABAE &= #4383

olN
)
o
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o
B
ol
ox
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o A% 28 ANAE FRE FPHEE YE

ojatel Axg Hol YA F dIE FE-E st EA thyroxined FoFo2X
=S T didgd 9 sjvld] £¥3= BDNF &4 AAME] AF 2 S
} 23 fARIAY o wEA 34 £ S ez A7dn. =3 2 Fo
st 422 thyroxine X7} &4 & Z7[ BDNF §4<& S7HAA ZA9 &=
& G0 opHE Holdz LA} #2 AT NANE + A& Rz A
Ztg o},

3L
o
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e
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o
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Explanation of Figures

Fig. 2. BDNF immunoreactivity in the cerebral cortex in alcohol-fed group(A, D,
G), control pair-fed group(B, E, H) and alcohol + T4 group(C, F, I) at PO (A, B,
C), PI(D, E, F) and P14(G, H, I). The intensity of BDNF immunoreactivity was
most prominent in alcohol + T4 group at P7(F). In addition, the number of BDNF
immunoreactive neuron increased in alcohol + T4 group at P7(F) compared to the
other two groups in all ages. I ~ VI = cellular layers; sp = subcortical plate. Scale

bars = 50 um

Fig. 3. BDNF immunoreactivity in the hippocampus in alcohol-fed group at P7(C),
control pair-fed group at PO(A) and alcchol + T4 group at PO and P7(B, D). BDNF
immunoreactive cells(arrows) appeared in control pair-fed group and alcohol + Ty
group at PO(A, B). The intensity of BDNF immunoreactivity was stronger in
alcohol + T4 group as compared to the alcohol-fed group at P7(C, D). CAl = comu
ammonis 1; CA2 = cornu ammonis 2; CA3 = cornu ammonis 3; DG = dentate

gyrus. Scale bars =100 m

Fig. 4. BDNF immunoreactivity in the CA3 of hippocampus in alcohol-fed
group(A), control pair-fed group(B) and alcohol + T4 group(C) at P7. BDNF
immunoreactive cell appeared in control pair-fed group and alcohol + T4 group at
PO(A, B). The number and intensity of BDNF immunoreactivity was most
prominent in control pair-fed group(B) compared to the other two groups. Mature

pattern was apparent in alcohol + T4 group(C) as compared to alcohol-fed
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group(A). Scale bars = 50 m

Fig. 5. BDNF immunoreactivity in the CA3 of anterior level of hippocampus in
alcohol-fed group(A), control pair-fed group(B) and alcohol + T4 group(C) at P21.
BDNF immunoreactive cell decreased in alcohol-fed group(A) compared to the other

two groups. Scale bars = 100 ¢m

Fig. 6. BDNF immunoreactivity in the hippocampus in alcohol-fed group(A),
control pair-fed group(B) and alcohol + T4 group(C) at P14. BDNF immunoreactive
cell increased in dentate gyrus of control pair-fed group(B). In CA3 and dentate
gyrus, no BDNF immunoreactive cell was found in alcohol-fed group(A). Scale

bars = 100 m

Fig. 7. BDNF immunoreactivity in the CAZ of hippocampus in alcohol + T4 group
at P7(A) and alcohol-fed group at Pl4(B). BDNF immunoreactive cell in

alcohol-fed group appeared later than in alcohol + T4 group. Scale bars = 50 ym

Fig. 8. BDNF immunoreactivity in the CAl and dentate gyrus of hippocampus in
alcohol-fed group at P14(A), control pair-fed group at P28(B) and alcohol + T4
group at P28(C). In alcohol-fed group, BDNF immunoreactive cell appeared at
P14(A), and no appearance was found at P28. BDNF immunoreactive cell of control

pair-fed and alcohol + T4 group at P28 was evident as before. Scale bars = 50 um
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