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Fig. 1. Photomicrographs of NPY-immunoreactive neurons in the cerebral

cortex in alcohol group, control pair-fed group and alcohlol + T4 group at PO

Fig. 2. Photomicrographs of NPY-immunoreactive neurons in the cerebral
cortex in the cerebral cortex in alcohol group, control pair-fed group and
alcohlol + T4 group at P7 --———-------------—--—-mmmmmmmmm o 27

Fig. 3. Photomicrographs of NPY-immunoreactive neurons in the cerebral

cortex in alcohol group, control pair-fed group and alcohlol + T4 group at P14

Fig. 4. Photomicrographs of NPY-immunoreactive neurons in the cerebral

cortex in alcohol group, control pair-fed group and alcohlol + T4 group at P21

Fig. 5. Photomicrographs of NPY-immunoreactive neurons in the cerebral

cortex in alcohol group, control pair-fed group and alcohlol + T4 group at P28
Fig. 6. Photomicrographs of NPY-immunoreactive neurons in the hippocampus
in alcohol group, control pair-fed group and alcohlol + T4 group at P7 ——- 29

Fig. 7. Photomicrographs of NPY-immunoreactive neurons in the hippoccampus

in alcohol group, control pair-fed group and alcohlol + T4 group at P14 --- 29



ABSTRACT
Effect of maternal thyroxine treatment on the postnatal
development of Neuropeptide-Y-containing neuron in fetal

alcohol effects 1n the rat cerebral cortex and hippocampus

Jin, Fu
Advisor: Prof. Chung, Yoon-Young, M.D., Ph.D.
Department of Medicine

Graduate School of Chosun University

Maternal alcohol abuse is considered to be one of the most prominent cause
of neurobiological malformations in the postnatal and adult life of the offspring.
In this study, the author investigated the effects of maternal alcohol drinking on
the postnatal development of Neuropeptide-Y(NPY)-containing neuron, and, the
influence of thyroxine treatment on the 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 + T4 group C(n = 4) received 35 calories liquid alcohol
diet and exogenous thyroxine (5yg/kg/day) subcutaneously. After the pups were
born, the pups of each were fostered by surrogate mother.

Alcohol + T4 group showed prominent NPY immunoreactivity in the cerebral



cortex compared to alcohol and control pair-fed group at P7. In alcohol + Ty
group, NPY-containing neurons were found widely distribution in the all layers
of cerebral cortex after P14. Also, numerical decrease of NPY-containing neuron
was not found according to increasing age in alcohol + T4 group. However, the
decrease of NPY-containing neuron was clearly observed in alcohol group
compared to alcohol + T4 group after P14. In hippocampus, control pair-fed and
alcohol + T4 group were appeared similar patterns after P7. However, in alcohol
+ T4 the intensity of NPY immunoreactivity was stronger in alcohlol + T4
group as compared to the control pair-fed group. In addition, in alcohlol + T4
grofjp, NPY immunoreactivity was prominent appeared in CA2 and CA3 at P14
as compared to the control pair-fed group.

The present results showing the increase of intensity and number of
NPY-containing neurons in cerebral cortex and hippocampus of pups of
exogenous Ta supplemented alcohol-exposed dams as compared to control
pair-fed and alcohol-exposed pups at P7, presumably suggest that
NPY-containing neurons might be regulated by the early postnatal growth
stimulatory effect of the exogenously supplemented T4 Therefore, the increase
of NPY synthesis caused by maternal administration of exogenous thyroxine
may ameliorate fetal alcohol effects, one of the ill effects as a result of the

dysthyroid state following maternal alcohol abuse.
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T 43&S AT ovle Y U thyroxine ¥l A3 HAH

Aed ol AT W AHE HANVISAS AHE FEI MIEL 2o F
F3A74A%E 9 o4& #23v(Nathaniel 5, 1986a), ¥4l 5 ¢ZE&

of x&F oju®zgl ofye} glojd A7 A W thyroxine Fol EF FASHA
o ol ARl ol wAd JAF Y F Udx AU TH(Hannigant

Bellasario, 1990). #AMZ 2822 A Fo vf¢- F8F 4%S s=d ALHEZ



A FI 2L FFRAAAEZTY I wuztE xYsir]E dFh(Rami T, 1986
Rami$} Rabei, 1990). =
A3l ds ZFo) thyroxineS Fostfuiy o oz RHejr NGFe NT-3
mRNA 2de] Frstdte Ras JAHGiordano &, 1992).

Neuropeptide Y(NPY)+= 36709] ofv]i=ite s FA44HH Al
T AMEERE olY g oE] ERFEY HeAM NPYE & 2 =
o] ®¥3i glom catecholamine, somatostatin, FMRF-amide &3} 7] o=z
AE EFT Az o2 Foo FYPAA £Xstn e Aoz dHAn Y
t}(Allen 5, 1984; Davies %, 1990; Quidt®} Emson, 1986). =3 NPY:= #8417
ZHo| B TS viAe Aeg A doy AHA 7T, 44, 44E, 4

b oo}y r’»}(Gray@rMorley, 1986), 4439 =4 (Clark

5, 1984; Levine®} Morley, 1984), W2 &2} T2 (Woldbye %5, 1997, Woldbye
&, 1996), 2 #AA3A PFo =H-H(Heilig 5, 1993; Heiliget Widerlov, 1995) Foll =
Fojsle AAAZTY diFZAFHA AFALE Ao Colmerst Wahlestedt, 1993;
Dumont &, 1992).
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1. 435 &3 437

A o] 200~250 mge] Sprague-DawleyZl &3 83 24 vi2lE A3 wujAl A
A 6 AFE 4 vy A 3 UnR 12 vtE g @ Fo2 EFIGACD A T2
AlEolA SollEE 30 % 43S vid 35 22 JE H3ASHA 49 alcohol +
o2 B #& 23L& U dextrinel @742 A% A ¥ A (Ensure® liquid, Japan)&
A T3 7o Zzg2 vd HFHSA stY control pair-fed + o2 AT Eg
C s A T3 o] 35 ZzE FALE "YU AFAA 3 thyroxine(Ts) 5
Z3E 93 L-Thyroxine sodium salt (Sigma)E NaOH &9 = o 5ug/ke
A ojule] B R1RFo F3t FASEY alcohol + Ty w22 AT oj9p &
Aolgt HAe= g 6 dAFE AR BE A oujEe] a2 A7ES £
ket w7tz A&sdeh. D & BE 79 F Y4l ofn 9 2 BEF 12 v
2 33 s B8 AFEA AASEE ok vl o) 94 dFHAE g7
cagedl A w2 AFSSEn 21 °C AU%9} 12 A17HY HAFA S s|FA.

A, B, C T4 Hold Aq7EL &4 6 Alzte] Ad Fo 1 ofnjet 2]ty
D o gigreA 71¢A ik & olulolA dHojd I w9 AMEL GE =l
M7 E3 HolA G=EF D 79 & dElZ7F & cagedlA 7I19EE e o
b dERoAE dF AR ES AGEA HIAGES At D ToAAM "ol
N7 E& oHZE ALEste] QARG B T A7ER F2 @ A B, C 79
ol &g wHIY AAAEES T F FAHAER Euo dq i €32 =S
thyroxine ¥& &33te] 722 ddcHTable 1).
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2. 2A4A L ERAF

3 cagedll A 1 vtEly] & ZF oA 4 vl Y] oA HE AF 0, 7, 14, 21, 28Y
(PO, P7, P14, P21, P28)e]] S| RBAZAT. A% 0 43 7 49 2dFE2 =2, v
7l Ay e) A¥F 5L pentobarbital sodium(60 mg/kg, FAA S Huheko] FALEHA
A7 g 7S Ea AAddY BHFE EFE A F, heparin (250 unit/mé,
=A2hS e BAAGFEE BFMAHSEL 0.1 M phosphate buffer(PB, pH 7.4)9
=9l 4 % pareformaldehyde €& %oy Zamboni A N2 AF 2AG o} HE 3
Fate] U nAN] &yt 4 CellA 12 A} F2A 8t Free-floating 'HO 2

BAzAst NS AlPsly] sl nAY HZALE EnY S 30 % sucrose

=

ay
2

P

Wi 24417 o] AHAZ F Aol FAEAIE o83 35 mFAZ A5AY F
AMAHE A &3t glycerold} ethylene glycolo] 7% A A& Ao o} 4 Coll B
ok

3. WAzt 4

AggHol B 2AEHAS i 5 vk 1 FY FHsY 01 M PBE &AM +
A FAT F AASE2(H00E At WdAd Hdgare 48 AR
o t}A] 01 M PBE AHT F Bz sshhgS A8

HAgMel A AR HEH vISS Folrl HAsted 3 % normal goat
serum(Vector) & A2 1A7F wr$-A k. 12 A= rabbit anti-NPY(1:1000,
Incstar) & AM§-3l1 o, 4 TolA] 24 ~48 A FF AFA7)IAA HEA D I F
01 M PBZ 108% 33 4 3L ZAzlen, 22 AT biotinylated goat
anti-rabbit IgG(Vector)Z 1:2000.2 3A3ta] A &o|A 1417 wrEA7) & 1024 33
FA3tA k. 282 peroxidase’t E£XE avidin-biotin complex (ABC, Vector)& 1:100
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o2 FHste] Ao 1Az 7hF AR F, 01 M PBR 10% 33 sAste 4
A} 3,3’ diaminobenzidine tetrahydrochloride(DAB, Sigma)E 0.IM PBe] =< 7)
AEgRoF AGsEd vE A M H08 0003 %7F H=% Artstdoen, A
Lo A 5-10 #3F A7 F FHujAst A @ AE=E SHYsidch 2 F 0.1M
NG 2HAHAES Adde] HAyd sdol=o] F s}
Az o5, 49 =342534LE 714 polymount
&3k ot

PB2 2~33] Alx¥3 =
Ao 12A)17F o)Ak
(Polysceince) 2 %43t F&gnF oz
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1. % A 37&7 thyroxine %

A B, C 29 ons A7E 2ua A 6 A% FE AY T AZARAE 94
Qe Yoo =Azd Rulel F(whole blood)ol FTL FEZ YxolA

thyroxine®l %¥& £Asld A7 Z AAHTable 1). Kruskal-Wallis testZ A &
o] 43-E FX9 thyroxine ¥-g HWI A P gho]l €382 0014, thyroxine
< 002282 FATAH R FostHnt. o FolAM A5 gugles F F7l] vl
B az A4 (ANOVA) F A3 4 A (Post Hoc test)sttly B o uvjs] A ¢}
C 29 &3g =7 47 {9 Hol7t ANew C Z9 thyroxine 4ol AT
of vla) o3t Erh

2. NPY &+ A73Axe] £X

D d+23

%
Ho
>

AZ 0 Ao B 29 AS F2 N, V, VI ZolA E7)7} F£ad NPY
A ZAXNE V, VI FoA E7)7F F3ishx) && 249
NZAAEZ} BFHJT C TANE F22 V, VT FX4 A T3 FAE e A
TEo) Yeltoy A ZRUE AX F#71 o %ol #FEHANFig. 1).
AE 7 dolls A T3 B T} vla C TN Felsta 1 718 71 270
2 NPY & AZAEE BAHJEd N, V FA F3R3AhFig. 2).
BE 14 Aol C FolA A 3 B Foll vls] A Zo X B 9 NPY &+

_7_



AAAEE BEHYes ATE B o w3l NPY &% ARAE F71 dA 3
A3t th(Fig. 3).

HE 21 Aol C 79 NPY 4+ AAME X o] 74 FEHAA FEFH
Aom AFE ol A 2 Zel7t gRey B ToME o) AR wE] @
A X 7 I AAaste S eI HHFig. 4).

A T2 oA Ao} g Fo] ula NPY i NAAEN &
A3l gastgdon B &3 C 2 old d3F {FA8t92 C #of /M F=23

A

2) ok A

WF 0 Qo= NPY &6 AAATIL A £ RFoIA Gerda oo

AWF 7 Aol A FolME NPY &8 AAMEIL Aojoldel s £
1 C #2 B &% 448 divke] CAL~3 2 Holo]golA NPY &
So] BRHYEY C Fol B Pol vla) o TP IS B0 ko)A
4 Toed 94 A7 UuehatHFig. 6).

AT 14 Yol A FlME ol AT vpAAAR HobolPol A 2o Py
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A% 21 A3 28 AL AF 14937 BE Aol 2 sole Aoy A
TolAE ojdel A wlms) NPY % AZAEL 71 I gaste F4S
gehoy C M E o)A Adm vms) AE Fo Avled 2 Wt YA
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Table 1. Blood ethanol and thyroxine levels

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

Aln = 4) B(n = 4) C (n =4)
Alcohol 0.015+0.0057" o"' 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 pg/dL for thyroxine. * * ' indicate

significance at the p<0.05 level determined by Post Hoc test after ANOVA.
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dA F g=EE9 F8&  FA2w ] F(microencephaly), 47&FZ(growth
deficits), 427138, A2 A (mental retardation) 5 UeEllEs goldmzszoF
(fetal alcohol syndrome)& 927 % % o}y eh(Streissguth %, 1980; Wisniewski

, 1983) &5axl, Fo8 ¥, A ds2Y, ZAUANA 75 2F §& F
et BEFAE e At (Aronson 5, 1997; Olson %, 1997, Olson %, 1998;
Roebuck &, 1999).

AT A9 dzgdgol st o] HoldmEFF T g #4Jo] =of
213 ek, A FEo)A 9] AFssHClarren %, 1990; Druse &, 1990; Tran<}
Kelly, 1999), @71A2)sHLoffe?} Chernick, 1990; Tan %, 1990), A7 a)»s+3
(Goodlett®} Lundahl, 1996; Mattson %, 1996) A+ = &¢3F L ko] TFAHA
o] Wy HRL JYFE T F7E ATAAR siv CALY AHABAE
(Miller, 1995; Wigal®t Amsel, 1990), A3 .’:’:%‘#H}E(Pbillipsﬁ} Cragg, 1982;
Volk, 1984), Wi 22 9] A7 4 £ (Miller, 1986, Miller, 1983) & &4 A 4L 73%
A7l Gage] =EHY o8 AXY FAE FET

90 AAAEEE] FHFAAAY ddel F2F 4¥e ¥ Aot B3

o
Kl
_O‘L
32
o

(Rami 5, 1986)7F & & 43L=2 Qg 334 7I5Astet dAsto BAste
B o3t ojde] uiste] TS ZE ATVF HaHAGRami 5, 1990). 4
oA 4FE % thyroxined #HAS B1E BHY 43 =&Fd F Hod od
Foll A sxzFubAEe] 43 37t AL LA Hold Al Hs) AdH
Aot kAo (Mohmed 5, 1987a, b) &2 &F TuE FAlel T ofnlolA H
ot ol FHo Ay XFUMAEE MAAPWFoz [AT AF YPRAA, HUsh
Az FAE FHEINAY 2 SXFA E2E Tl "Hojd ofd FEo vlE)
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Z7}8t9 9+ = X 1 (Nathaniel 5, 1999) 5] A}t
B Ao E U F 232 HoldaLaHRE A oY FHY M9} A&
ol

ez §58 otn Yk P4 VA thyroxined #1Y Fojste] Hojy ol
of MolA NPY #% WAL 4F 437 9w 33 4902 gLt

S5 ofuloA] Elojd 7AS-& viws At & Ao 4 AELY ZAA &
P& del2E A8t 2 AES 719A sded 2 ojie $4 A 29
= A dAg HAStooF & vk olye} Nathaniel $(1999)0] B gk vle}

o] A @3 C o9 ovle ¢3ZE&d =&5 oxytocin 87} JAHA FF B
uj7b Zraste, ofnle] a2Ad dF3E A FTLoR AF FF WHIE Y
7hedel Qi Al & EFoAl EA} A7tel AP BAAE FAATZ A
Ak I B A BF 0,7, 14, 21, 28 € HE AET olfFe AF AHE
3 FZbo]l AR AAZIZFE] Al WA AE7](third trimester)ol] | F3ET o F-E9
ANRBAAELES B 21 A Aol 545 =2ddes 23 S (Mohmed %, 1987

a, b)oll 71¥ste] AT GHE 1 A 1Ho=2 BF 4 F71A NPYSHF A A

£
Ol

5!
-«ln

i

o

ol ALES Tyo] £32 o8 AFAEY Bid IAs Y APsA =
Propylthiouracils] o1&} 244 7154 ek A7 #E8 oA Aol Ted 25 pe/kg
/day S)stFALEE B A S 718 ofe} Mok &AM FFE FIAHeH, A
A fF ol 15 pg/ke/dayel T4E FAF A% A2 F Ha AR AZARHY
ol HAXF L FANZAGn QY tH(Nathaniel 5, 1983; 1983). ulebA ojvjo} @y
U HAe] A visE FAANNIA ¥ FIE =Fo 93 AHstd
thyroxine 48 %3 B ZEsl7iol B33 Fo] 5 ug/kg/dayet 314 thH(Nathaniel
%, 1999). N Y thyroxine ¥X¢] #3d Nathaniel 5(1999)2] R I1e]A

thyroxine 9 ¥9 F=7l A4 ¢34 €¢3L 7 Aol HFAF 2 thyroxine



go] d:E I FoAF Aolrt Aoy Y TIHE 1A AT sAdeTl
B oAgox Al o W thyroxine ¥& C Tl BZRY A FAH /A
ot} e dE FAHPGHFE thyroxine Foll Aolzt A& FojEt AZrEH
thyroxine %3 FAA718 N2 t24 &iA vus) B Ax Z8E Aol A
zZhge},

Aol M7 s A e LA F

A7 BAe 243E d8 F A VT ojder 4% FRABATS 2
3 AHAAZFINE Aol AL Aol At glvh(David9t Nathaniel, 1981;
Thomas$} Nathaniel, 1992).

A Fde, 430 =EHAuAE EZA WolA thyroxined A&HAH o=
o B2 AE 24 F uHEAdAe AT 7Y FEEa 1 718 71 2]

BAEEo] BFAFo] ¢FE ¥ B} vl FEHI FHUNSE

4 9 olFHEHE ZA WA
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S AA AR zA A S AP

2 A3 Az ¢33 Lo =25HUYetE 2A WA thyroxined X&EHo=Z
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Explanation of Figures

Fig. 1. Photomicrographs of NPY-immunoreactive(IR) neurons in the cerebral
cortex in alcohol group(a), control pair-fed group(b) and alcohlol + T4 group(c)
at PO. The intensity of NPY immunreactivity was most prominent in control

pair—fed group. x200.

Fig. 2. Photomicrographs of NPY-IR neurons in the cerebral cortex in the
cerebral cortex in alcohol group(a), control pair-fed group(b) and alcchlol + T4
group(c) at P7. In alcohlol + T4 group, more differentiated NPY-IR neurons
exhibited larger and intensely stained cytoplasm. In addition, their processes had

increased in length, thickness and complexity. x200.

Fig. 3. Photomicrographs of NPY-IR neurons in _the cerebral cortex in alcohol
group(a), control pair-fed group(b) and alcohlol + T4 group(c) at P14. The
number of NPY-IR neuron increased in alcohlol + T4 group compared to the

other two groups. x100.

Fig. 4. Photomicrographs of NPY-IR neurons in the cerebral cortex in alcohol
group(a), control pair-fed group(b) and alcohlol + T4 group(c) at P21. At this
age, the intensity and number of NPY-IR neuron similar to P14 in alcohlol +
T4 group. However, the number of NPY-IR neuron decreased in the other two

groups. x100.
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Fig. 5. Photomicrographs of NPY-IR neurons in the cerebral cortex in alcohol
group(a), control pair-fed group(b) and alcohlol + T4 group(c) at P28. The
decrease of the number of NPY-IR neurons was not found in alcohlol + T4
group. However, the intensity and number of NPY immunreactivity was clearly

decreased in alcohol group. x100.

Fig. 6. Photomicrographs of NPY-IR neurons in the hippocampus in alcohol
group(a), control pair-fed group(b) and alcohlol + T4 group(c) at P7. NPY
immunoreactivity was remarkable in dentate gyrus in all groups. The intensity
of NPY immunoreactivity was stronger in alcohlol + T4 group as compared to

the control pair-fed group. x100.

Fig. 7. Photomicrographs of NPY-IR neurons in the hippocampus in alcohol
group(a), control pair-fed group(b) and alcohlol + T4 group(c) at Pl4. The
distribution of NPY-IR neurons was similar to its previous age pattern in all
groups. However, in alcohlol + T4 group, NPY immunoreactivity was prominent

appeared in CA2 and CA3 as compared to the control pair-fed group. x100.
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