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development with fetal alcohol effects in the rats

College of Medicine, Chosun University, Gwangju, Korea

group A and B at P7. In group C, NPY-containing neurons were widely distributed
of cerebral cortex after P14. Also, numerical decreases of NPY-containing neuron

the cerebral cortex and hippocampus at P14.
Conclusion : These results suggest that the increase of NPY synthesis caused by

thyroid state following maternal alcohol abuse. (Korean J Pediatr 2006;49:677-685)
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Effect of maternal thyroxine treatment on the offspring’s brain

Jin Fu, M.D., Yoon Young Chung, M.D." and Sang Kee Park, M.D."

Department of Medicine, Graduate School, Departments of Anatomy’ and Pediatrics f,

Purpose : This study aimed to investigate whether exogenous thyroxine(T,s) treatment to alcohol-fed
dams would ameliorate the detrimental effects of alcohol on the postnatal development of neuropep-
tide-Y(NPY)-containing neurons of the cerebral cortex and hippocampus of the offspring.

Methods : Time-pregnant rats were divided into three groups. An alcohol-fed group A received 35
calories of liquid alcohol diet daily from gestation day 6; control group B was fed a liquid diet in
which dextrin replaced alcohol isocalorically; and alcohol+ T, group C received 35 calories of liquid
alcohol diet and exogenous thyroxine subcutaneously. The features of the growth and maturation of
rat brain tissue were observed at 0, 7, 14, 21 and 28 postnatal days via immunohistochemistry.
Results : Group C showed prominent NPY immunoreactivity in the cerebral cortex compared to

according to increasing age in group C. A decrease of NPY-containing neurons, however, was clear-
ly observed in group A compared to group C at P28. In the hippocampus, similar patterns appeared
in groups B and C after P7. Especially, in groups B and C, NPY-containing fibers formed plexus in
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A, B, C* ojv]9] EF 43 &7 thyroxine X Table 1

21} thyroxine &

Table 1. Blood Ethanol and Thyroxine Levels in Maternal
Rats

Alcohol Control Alcohol+
Blood group A group B T, group C
(n=6) (n=6) (n=6)
Alcohol(%) 0.016+0.005" 0 0.013£0.006"
Thyroxine(ug/dL) 2.02+0.27" 312*0.24  3.31*£0.42

Yalues are means* standard deviation
Indicates significant difference from the control group at the
P<0.05 level determined by Kruskal-Wallis test

Alcohol
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7 29l Kruskal-Wallis test® Al 7Fe] &3
thyroxine%& ¥ Z3} Batol vls] A¢ CHo €38 ¥
S7F A2 sk Al =9kom A9l thyroxine®ol Bitol H] 3|
Fre] 8k Al SATHP<0.05).

2. NPY atf MBM=E

1) CH=ZEA

A% 0o BFolME F2 1V, V, VI 94 NPY & 4
AHAEEC] #REFHJow ATH CiME F2 V, VI Fol
gyl BeEU AA eI Coto]l AT EUE AE F7
% 0 o] BHEAKFIg. 1A-1C). ZF TolA NPY 4 4l
AME FeE Fdste] BEAS Ay, B CaolAe FEls)
I 7 =718 7K

o Bx

T e 5 AAAEE (multipolar neu-

rons)°] #AFHG=H BolA o FEEHch AvdAE #a
FAE B715 K vAds s W NPY $HF AAAEER
#& = JAH(Fig. 1D-1F).

AT 7ol Al FollM NPY i ABAE 71 25 o4

dHnTt Frhstem CaolMe Bitd fARHA A el A
A AAEe] BFFR oY ATANE F2 N, V, VI 204
BAFHA T QS By CarEUE A B2E A ok(Fig. 2A-
20). AEe Roks s & Ay, CdAE Av Bl
FeElata 11 5718 7 A717F & NPY - ABAIE
TEFAoH AwoME old AR v=g FHu FAL

Alcohol + T4

Fig. 1. NPY-containing neurons in the cerebral cortex at PO. Arrows in A-C were shown at higher
magnification in D-F. The intensity of NPY immunoreactivity was most prominent in control group. In
alcohol group, NPY-containing neuron exhibited immature neuronal feature with a round soma and
thick primary process from the soma. 200X (A, B, C), 400X (D, E, F).
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Alcohol
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Control

Alcohol +Ts

Fig. 2. NPY-containing neurons in the cerebral cortex at P7. Arrows in A-C were shown at higher
magnification in D-F. In alcohol+Ts group, NPY-containing neurons had larger, more irregularly
shaped soma and intensely stained cytoplasm. In addition, their processes had increased in length,
thickness and complexity. 200X (A, B, C), 400X (D, E, F).

718 7H AAQAEET B2E A HFig. 2D-2F).

AT 14dell= Al ellA BF old d#ETE NPY $F 4l
BAE 7 dAS SUekR A A el Ax BExEisd B
o} CatellA Aol vlEl o FEHFh CatolAs B 4
A A Fol AA g9 NPY g4+ AEAEEC] #RHJUG
(Fig. 3A-3C). &3 B3 Cat& ME fAbste] 723 kA ub
$S Holx AFAETEol BAEHJeH AAAMEL] E7]0A
A7EA Aol FElsln AR dAAEJoY ATME AEA
o] A7]E B, C¥ H=d o Er1E59 A7 FAol 7t
2] AAo] Tyt #AAE A ri(Fig. 3D-3F).

A% 21l Al T F C9 NPY & 2AlAAE £
o] 7} FraAA AAHAKFig. 4A-4C). ColAE 1 &
NE A B3 AAAEE] T2 BRHIAL ATl E F
gt 71 E715 7 NPY 3F AAAEE] Yehx] ¢k
H(Fig. 4D-4F).

AF 28dell ATE old o)
Fr ABAE F7F @A3] sk o
I FAEIG A Ctol Mg FEER
5A-5C). B#¥ CoolMd e 11 8718 A x| g 3
HAou Al E o)A A# FAEATHFig. 5D-5F).
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Alcohol 7 Control Alcohol +Ta

Fig. 3. NPY-containing neurons in the cerebral cortex at P14. Arrows in A-C were shown at higher
magnification in D-F. The number of NPY-containing neuron increased in alcohol+T4 group compared
to alcohol group. In control and alcohol+T4 group, NPY-containing fibers formed plexus. 100X (A, B,
C), 400x (D, E, F).

Alcohol Control Alcohol + T4

Fig. 4. NPY-containing neurons in the cerebral cortex at P21. Arrows in A-C were shown at higher
magnification in D-F. In alcohol+ T4 group, many of NPY-containing neurons were multipolar in shape
and their processes had increased in complexity. 100X (A, B, C), 400x (D, E, F).
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Alcohol Control Alcohol +Ts

Fig. 5. NPY-containing neurons in the cerebral cortex at P28. Arrows in A-C were shown at higher
magnification in D-F. The number of NPY-containing neurons markedly decreased in alcohol group.
Also, their morphological character was not significantly changed at this age. 100X (A, B, C), 400 (D,
E, F).

Alcohol

Control

Alcohol +Ta

Fig. 6. NPY-containing neurons in the hippocampus at P7. Arrows in A-C were shown at higher mag-
nification in D-F. NPY immunoreactivity was remarkable in dentate gyrus in all groups. The intensity
of NPY immunoreactivity was stronger in alcohol+T4 group as compared to control group. In alcohol
group, NPY-containing neuron exhibited immature neuronal feature. 100X (A, B, C), 400X (D, E, F).
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Alcohol

Control

Alcohol + T4

Fig. 7. NPY-containing neurons in the hippocampus at P14. Arrows in A-C were shown at higher
magnification in D-F. In alcohol+T4 group, NPY immunoreactivity was prominently appeared in CA2
and CA3 as compared to control group. In control and alcohol+T, group, NPY-containing fibers and
terminals formed a rich network. 100X (A, B, C), 400X (D, E, F).

(Fig. 7D-TF).

A% 2195 8de AF 1493} 2 Aol ¢l
BEoIAE o]del st vas) NPY #4 ABAE 7
7 pase gae vehlow CelA: olde] et v
A AE ok @]e] 2 st glg

o

Vel At et Austel vid 4w W ool Apgsta
SFE dPss Aol v @el Awe] ditel xaw
o @22 ugd ot AvEA= AA I

o]-_‘:(__o_ \J—%..Q_ O];(]E]J,]. 713

sakoff &

fio

o

+

25

= o

rlo o o

ox f R

P oo gz Mo
T,
o
o)
£

2% 9 @ glojehs w9l
A VA sl wgo}—z— 23
T RaEdd?, dmge] wig
L [ s B Ti}— *J Aoz gojd
w2020 0b519.3) thyroxined EAlOl F
A7 26 2EAEE AR OR %%_%}aatm o
Fof st ofujo A Elojt g0 HlE| AlAE
S

2 AFolAE A F T2 Hof ¢3e 595 FHA

off 12
mlo

A F9 w9 &G S35 dta e A4l AFHd thy-
roxines " Fo3te] eHojd oA Fo HoA NPY T

AAAEL] AF A B e MZ vusda E=3 F
FIETE FEg ouleA Hojd A-otE nlasty o

thyroxine %o #3] Nathaniel 5”2 thyroxine 59

Tt AT dFEde HAAF W thyroxine FoIw9]
thyroxmea% d3E THE FYg Zolrt Ao A o

= stk —7’—:5]'5’&‘:]' 2 ATNAME 24 &8
ol LH thyroxme‘j’kol LFE+T, volA gIEwe] v&)] #99
shAl A YERE A Nathamel 59 mael fApsg ot
SHE+T, wollA AdTreh Gt = et 302 R
Hol 22 49 thyroxined Fo 2dviel® Anict df u
thyroxine &% o7} & Aozt AZIEY  thyroxine ¥
FolA7]1 8 A2 t2A Algste] vl Be Ak Had 4l

l

[e]
=

- 683 -



thyroxines

ok
=l

3l

3

NPY
oo} 2

L

L

289

vhebsiTh

o
T

[e]

2719 A7 @Aol v

i =
fou

A exgrem A
2ok

0

7] Aol Fe

oA NPY 3f A173A
AL AEd

3

o — — ~ — < i Lo . o oan
koo N S K A oo gf W oo o R w- o ™ g 88 =8 ¢g&
o Yor o 7o S w R E N _ T w T > 22 =% g8
. = o) ® o Z - o =y S < 2 c B SE
R - BT N W oo R oz B Eow X - = . &€ =2
H AT LR T oW o W 3 o B o M o 5] S 4 Nal=! S)
‘_oM - £ \I_.#O‘I.I‘HE o 0 _ZIL..LJ|, X o) = o 9 m =
du W S 3 RN P A o n_tunﬁeﬁ.Ail o) iy 3 L 9 —_ S
xaTipToasw two C e L T T T =5 —SE 82
=0 o — o - r = i . 15
MRy Pgg gERE T oW _wy T <8¢5 §& B,
o My pgpmn e H TN T B R o ] o= $2:57 EE w%
= ° i il o M R & oo g = g LT v o0 8 S
Ldﬂioﬂﬂiﬂ%__oﬂ;ox — 0 = 9 ATmM 5 s . o 8.2 T oos 2
o ok T of LU e . @moo%%ﬂurmﬁ ﬂ%isoﬂm 528 _g8L05%F
T — —_— T e e o~
W ST gy < ww‘_ ﬂir Co X YT M MM e m_‘ nﬂwm g ° 5= W
X L EsTEmbre LEw wq@e F LT @ SET5 Zeofgd
B _ o & P o= ok oy = b o 2@z~ FEXYE
iy KA + o r BRI 0 — Lo o= ) 2y lo —_ X o a 58 2 g
N R t e BAE e+ Astgm M e B8 BB ET B E S
o= o W oI ow ko o T ek L X o ik g oy o ) g8 TmMegxd g~
A= ° ™ K ~— B A, - N o o= ° ,_tAT el D & ® Ie} 85T g
%.mﬁLEMrngmﬁN FrREq8T . ®xlZW 0 &£5ZoIig&~ oF
Nl 8 o © oy N ol s Z ~n S Ay W= o . LA 3 D
— T X — N -~ N ok % 1 o IR el =i o o
2 EigpMPEg Y B E o= PP RS aw & EgEgRstrii
o E S 9L = =3 Al of B X o WF ARG A2T"SSEg 28 E
X dy K — J ™ s o . o) H = N = S 28 &5 8 REEN
Tezt i gl ZETRAfIsR LITYLE sE§E-s455 8
T oo o8~ = T om ° o oo T o oF s o oM ZEHd B35 1 ETE R
! o I K ' oA~ W ow — R iy R N N E-E8 R4 RBET
s (NI < ﬂuquj o NI o ) X | Tq,é.o]]_lmo] N oM S E
NI I TR U N QU T e BEESTET=
o3 E = s o bk 5 s o <o ~ x i R = 2
%@%%MfﬂsWﬂwﬁmﬁﬂﬂli%ﬁ%ﬁemué%lﬂ B gfsizidiw
SR BRGNS YR ol T [ S SR ESTESR g
™ R TR ;= I o T N F oo R p- oW o P E- "R ESE
CHE R SR 5 W LEREEEREEE
Tt lm T _ ST F g T L WTRT O TN SE< 88805 R
o W P E RO E M ooE WA e ik W % Mo %o g ~ = ~ -
FOMSHEER T QB L B P T T Z Y B B Rk o -« - =
Lo sy RRYETTUR TP EITOHITHP LT THE XD
ST hewmFTE PAgH IR _® o T STk FEW T A
= B o B o X o & T 2 o —_ e = Z o Z
T W JH ﬂe Eo E.E o AH ~ < O# ~ ;cl EI B° w X0 m m T oy = ° — =
ol Bm oD g il g H_R 2REeTT EEwEE T pRg R
o = E o o o L WK T o o H ~ _ 8 CRR U= = ¥ L S
woo o — & S0 T oo SR g ~ oy ® S i =o jod N o o A WA
ﬂﬁeaﬂ_wmkmﬁomLLMMﬂﬂ%_%@'ﬁM Wwoauwmo?%ﬂ_ T T L %En%_zyu
. o H T = r o = ) o K ] L RO X° — mo ~ Ig N ol
%&ﬂﬂﬂm“zﬂ%%w7mﬂmmﬁ m_xﬁaﬂm%ﬂ%ﬂwﬂw_m%%@ aﬂ@ﬂm
N = T X T 5 — X [ = B B | ool oy !
ol o M ,M/m < = M MO %/.A ﬂxuﬂm "~ X 1 e T W& ¢ = MMM g Gl = W = Ww Jl, =l Moo T Lo E de.#
' o3 T o O o 7 W <R LG S e An = . °
@E%mhw_n%ﬂwoamo%ﬁ%woﬂfm_% ﬂ%%mm%m#mﬂaqﬁo%m_ Mwﬁwgﬁ%
W E L TR g ow = TyEERET Yo N Py
T e o T o T+ ~ W R gy S o T 4w
s ERrrm o tg B iwLEDn wr TR BV RENaaw RS T o
%%%%N%ﬂﬁgﬂ%mmo%wﬂqm wm%mwgiwﬁaﬁoi%ﬂo% %Mﬂe%
—_— —_ 03 —_— — )
e P e lro e DR pevcp IEST a0 d ke
ﬁYimrme7io o X om Rk iwqﬂ IR L GRS T i
PoEom oW oo g Lk T oy J - SAE AN N 22
P T E g ezt el mxT e mpran [ AEPITLIR e XSS
WIS KT ErBRO Ao vxg P P x AW ) P=E W R e e
- N W PR gy T v 7o
= o= " uﬂu?%ﬂm%mﬂﬂﬁ%]ﬂ%iﬁ P & me_#LWuLoLagﬂodﬁOJPi.mmﬂ R
wrE®d HRIX LTSN TH RS g BT R PH S E o
mmé,o@]oéovJ@ ﬂ%io],%w.@uAﬂbﬂmuo%W Hﬂogaﬂ}ﬁ oo OB m g
PEsX o7 T @Tr BRIgEETT T oW g R ®PEY o o 5y ®
T o RWE ZEXgp plearm® I BN S TR S R
W ENEPT B G HE B, 6wy PPz ST PN o™ o O T
ST R CSIRT 3 %EE T Q S S T A, op o R ook m o
) E WA o B W R BT U ®oT A oM T dn AR Fk T BT Sdpew o ez K 4r e o] %o

World 1994;18:62-9.
6) Nathaniel EJ, Nathaniel DR, Mohamed SA, Nahnybida L,

5) Hankin JR. FAS prevention strategies. Alcohol Health Res

,684,



Nathaniel L. Growth patterns of rat body, brain and cere-
bellum in fetal alcohol syndrome. Exp Neurol 1986;93:610-
20.

7) Hannigan JH, Bellisario RL. Lower serum thyroxine levels
in rats following prenatal exposure to ethanol. Alcohol Clin
Exp Res 1990;14:456-60.

8) Rami A, Patel AJ, Rabie A. Thyroid hormone and develop-
ment of rat hippocampus : morphological alterations in gran-
ule and pyramidal cells. Neuroscience 1986;19:1217-26.

9) Rami A, Rabie A. Delayed synaptogenesis in the dentate

gyrus of the thyroid-deficient developing rat. Dev Neurosci

1990;12:398-405.

Giordano T, Pan ]JB, Casuto D, Watanabe S, Arneric SP.

Thyroid hormone regulation of NGF, NT-3 and BDNF

RNA in the adult rat brain. Brain Res Mol Brain Res 1992;

16:239-45.

Bessho Y, Nakanishi S, Nawa H. Glutamate receptor ago-

nists enhance the expression of BDNF mRNA in cultured

cerebellar granule cells. Brain Res Mol Brain Res 1993;18:

201-8.

Allen JM, McGregor GP, Woodhams PL, Polak JM, Bloom

SR. Ontogeny of a novel peptide, neuropeptide Y(NPY) in

rat brain. Brain Research 1984;303:197-200.

de Quidt ME, Emson PC. Distribution of neuropeptide

Y-like immunoreactivity in the rat central nervous system-—

II. Immunohistochemical analysis. Neuroscience 1986;18:545—

618.

Gray TS, Morley JE. Neuropeptide Y. Anatomical distribu-

tion and possible function mammalian nervous system. Life

Sci 1986;38:389-401.

Nathaniel EJH, Hassard T, Burton L, Novak C. Effect of

exogenous thyroxine on the development of the purkinje

cell in fetal alcohol effects in the rat. Exp Mol Pathol 1999;

93:601-9.

16) Rice DP. The economic cost of alcohol abuse and depen-
dence. Alcohol Health Res World 1993;17:10-1.

17) Langlais PJ. Alcohol related thiamine deficiency : Impact on
cognitive and memory functioning. Alcohol Health Res
World 1995;19:113-21.

18) Clarren SK. Recognition of fetal alcohol syndrome. JAMA
1981;245:2436-9.

10

=

11

—

12

=

13

N2

14

=

15

N

Korean ] Pediatr : A1 49 ¥ #l6 & 2006\

19) Heaton MB, Mitchell JJ, Paiva M, Walker DW. Ethanol-
induced alterations in the expression of neurotrophic factors
in the developing rat central nervous system. Brain Res
Dev Brain Res 2000;121:97-107.

20) Mohamed SA, Nathaniel EJ, Nathaniel DR, Snell L. Altered
Purkinje cell maturation in rats exposed prenatally to eth-
anol-1. cytology. Exp Neurol 1987;97:35-52.

21) Mohamed SA, Nathaniel EJH, Nathaniel DR, Snell L. Al-

tered Purkinje cell maturation in rats exposed prenatally to

ethanol-II. synaptology. Exp Neurol 1987b;97:53-69.

Angelucci F, Fiore M, Cozzari C, Aloe L. Prenatal ethanol

effects on NGF level, NPY and ChAT immunoreactivity in

Mouse entorhinal cortex : A preliminary study. Neurotoxicol

Teratol 1999;4:415-25.

23) MacLennan AJ, Lee N, Walker DW. Chronic ethanol ad-
ministration decreases brain-derived neurotrophic factor
gene expression in the rat hippocampus. Neurosci Lett
1995;197:105-8.

24) Linnarsson S, Bjorklund A, Emfors P. Learning deficit in
BDNF mutant mice. Eur J Neurosci 1997;9:2581-7.

25) Minichiello L, Korte M, Wolfer D, Kuhn R, Unsicker K,
Cestari V, et al. Essential role for TrkB receptors in hippo-
campus-mediated learning. Neuron 1999;24:401-14.
Iritani S, Niizato K, Nawa H, Ikeda K, Emson PC. Immu-
nohistochemical study of brain-derived neurotrophic factor
and its receptor, TrkB, in the hippocampal formation of
schizophrenic brains. Prog Neuropsychopharmacol Biol Psy-
chiatry 2003;27:801-7.
Litesse HG, Roskoden T, Linke R, Otten U, Heese K,
Schwegler H. Modulation of mRNA expression of the neu-
rotrophins of the nerve growth factor family and their
receptors in the septum and hippocampus of rats after
transient postnatal thyroxine treatment. I. Expression of
nerve growth factor, brain-derived neurotrophic factor, neu-
rotrophin-3, and neurotrophin-4 mRNA. Exp Brain Res
1998;119:1-8.

Roskoden T, Heese K, Otten U, Schwegler H. Modulation

of mRNA expression of the neurotrophins of the nerve

growth factor family and their receptors in the septum and
hippocampus of rats after transient postnatal thyroxine
treatment. II. Effects on p75 and trk receptor expression.

Exp Brain Res 1999;127:307-13.

22

=

26

N

27

-

28

N

- 685 -



