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Neurobehavioral Teratology Due to Hypoxic Exposure in Newborn Rats

Sung Soo Lee, M.D., Seoul Lee, Ph.D.*, Dong Won Kang, M.D.*,
Jin Soo Kim, M.D.**, Dong Goo Kim, M.D.*

Deparment of Neurology, Yonsei University Wonju College of Medicine,
of jo; Yonsei University College of Medicine

Background : Neurobehavioral teratology is a term used for the postnatal effects on behavior of prenatal exposure 1o
drug or 1o specific environment. Perinatal hypoxia is a major risk factor for development of behavioral abnormalities,
such as cerebral palsy, mental retardation and learning disability. The objective of this study is to investigate the effects
of neonatal hypoxia on long-term changes of behavior and neurochemical system and o learn the role of 5-hyrox-
ytryptamine(S-HT) in hypoxic stress. Methods : Sprague-Dawley rats were grouped by hypoxia and/or 5-HT receptor
antagonist treatment. Exposure to 100% N, gas was done in postatal day(PND) 2 for 12 minutes. NAN-190 HBr or
ketanserin tartrate or both were injected intraperitoneally 30 minutes before exposure to hypoxic environment. Rats
were weighed periodically and examined the eye opening, Wire maneuver test was done on PND 22. Between PND 40-
55 and PND 63-84, explorative behavior test and Rota-Rod test were done serially. They were sacrificed in PND 100,
and aminergic neurotransimitters and their metabolites were measured by High Performance Liquid Chromatography -
Electrochemical Detection(HPLC ECD) system. Receptor binding assay was done using 8-OH-DPAT and ketanserin
HCI in brain cortex. Results : The group treated with S-HT receptor antagonist and hypoxia showed higher death rate
than 5-HT receplor antagonist or hypoxia alone. There were no differences in weight gain, eye opening, and the result
of wire maneuver test among each groups. In explorative behavior test, NAN+N; group in male and NAN group in
female showed markedly increased activities. In Rota-Rod test, NAN and NAN+N, groups in both male and female
showed decreased motor coordination. There were no differences in the concentration of aminergic neuroiransmitters
and their metabolites, when measured in PND 100 according to the brain sites. There were no differences in pKd of 5-
HT receptors measured on PND 100. But Bmax of 5-HT,, receptor were low in N;, NAN and NAN+N; groups. NAN
and NAN+N; groups showed elevated Bmax of 5-HT,y receptor. Conelusion : Exposure to hypoxia in neonatal
period causes long-lasti changes with jities, and 5-HT receplor activity has a
role in that mechanism.
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delhe mgAA 52 3T wsle] Y A%
2 7hs el wrh>

FAA o] AT AR T & A
= 7}t 24%%} 23%, e 30%% 24%E Baslel gl
o4t el vhE Al e B, 24 AR
7 BAF ol 2ke2 < o)X Hrle &gl A
Az LA ek, 2o A oA HolE £ F
2% Aloza) Aol ¥ R A3 AkETe]
Fasles el Welos AFETE) Wt B
¥ A0E FEEL SAF ANLT wEE AT
44 27¢ WY 5 Qe A5 3 adess A9y A
ZAHE )7 (selective neuronal necrosis), 714145
A} 2l 4sk(status marmoratus of basal gan-
glia and thalamus), 514 3919 w933k (periven-
tricular leukomalacia) ¥ 44 #1¥4 =14k (focal
ischemic brain necrosis) ol %@iA gich 28l
AYFEIA FAAF ANEFE LY B le 2N
Aol fggel wieh AR g yelaid Ut &
#1734 (total asphyxia)slilis Hgiel g wusiA
h obFRl 7HAA gk HelAl gigheba dh, pe]
2 A%2¢) 44 (partial prolonged asphyxia)elde
ool g Releka ek A FEARE A
o] FAAF ALETE LY ATAE F2 A=
Ak dxjelld] Wutg wAY ¢ gdeku good, M AzAl
<] dopamine systemell o}4do] Wbgcln Hirslo] g}
I 18] acetylcholine(ACh) o] 44 9 Al
HAE AASAY® AdLF FEA tryptophan
hydroxylase] ¥4¢ A7 5-hydroxytrypta-
mine(3-HT) 9| #4£5 Yorldrt A4tZ Do) By
o AFA 542 4 @ 5-HTS ¥l oA Fokech
I pasle] gieh ¢ a2 oleidt AMEL asphyxia §
WAl A AeE 4T 1Al Role A
Pahe chackn 47k, H71Ee Aot skl e
olF RAksl] Ssle] o8] o] WEs]7] shEele

AgolA gt e of add HE §F A
21} w424k (premature delivery)el o 40%2A 7}
2 gol e 3 vges PislE 93 sdes
24 AR ARET w@ol 25%00 HPFBeL T wEA
ol g agle] HAulE Hidvn Yreizle ¥Ea
ol fele 2 nl, mr vlSuEle B¢ AdETo)
B AgaFel Fa) Uzksied H7ls Aot AR
ot A7k, dabd FERUE ASLT md P ok
Uzt Aol Fal Ul oW dgzzle] o
FolAok shzvl, ¥ ATE thy olEH Al A7sk
o] 5-HT 84all 288 239k AR 5-HTE el
EE 9ol EARle] 2 Ug uehieh ol 5-HT
o} BEE Folahgo] ficke Aol glont ¥ AN A%
& ¥4 =t sl =3¥ 1% (harmonic func-
tion)g SFaffels W] WAolth, FAZ 5-HTE He) 2

E F9lell EAfshs B FFS] opelel norepinephrine
oI} dopamineXch 794 el geiols] R4l R BHE
F Mk ol B4 AR e AR sl
A el T2 glo] AeE b sk A¥E 5-HT
7b ARY Jhsdel B5E vshich A2 5-HTE 3
T 2 FEAE 14% ol daidle] A3 2 F gEDg
ol Fau BHE Aol 5-HT % 5-HTaancd 8401
o F FRe S8 B ARAAAA Gag 7
fatt 5-HT, 784E cAMPE, 5-HTouse 84T
phosphoinositides] 7FFESIAHEE o] &8ich " Holdt
e o F AV SRS o AR wdiEe A48
& e Z97F grke Zoith WA o] F S84 F
Yol HE 7168 AL 7hsAel Frka A £
FolAE 5-HTys G862 5-HTayne T84S BAES
77t e Bl 2gslel AakkFoll =BT S
ol FRE AL TRl AAARRA ehie WEHe)
S AFH AR WEE Paksiaiek

FAAF AMLT dfese S woRAAA
st 27] ARAAGTE DA B9 DR We] RS
St AN N ERE AT 3F WA 2 HRE
ol e X2 59 thFaltre] AN Qe Bl
2 9] APEEA AdaZol g gulell ot XEe
barbiturate,® oFiA &M YA, FEEREA
A, * prostaglandin® indomethacin,® pheny-
toin, ® glutamate $8x ZYA> 9 5-HTFE4] &
AP Gol Axddeh, aT oY FEL AMLT
eFH EE Aol Fofsljop B} Joms AR A4E
o dlolliz Aol glek A AgAe] W] HAnt
Hl, AAel o tpdeld] AU LA gevt olF
Aol ARE A8 HE e e e deid v
G gHolth, 2R ANLTE o8 TERLS &
sk olell 3 A& ARAHUH WEE DAL o]
F Aol g gy Ahdelehs Fdeld W o
72 sk,

bl B Qe A LTl 43 BF 4
A7) BlAE dge Al ellzrlel T4
WPAFLR A% A7 ME I ole] Aol BT A
A& Rk delat EY AL AEslzol o o
5-HT9] A% Yohisal digick. ol AF=H o 2
7 AREF =BT AT PEARE AR wER Q
AAA el X sy Aol 712§ Fgstast o
giek ol flal WAL PWNAF AT F2 A
o WEARE AR Foll A, Al ¥ A3
SEAe) g WEL WP F45kn o SHTE
A AAE Bl ARBEA WES PEIYH ABA)
A sisiek
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1 HESE Y dET

AYFEL PPl 9k Sprague-Dawley A5l
HEE olfsigich ARAL AFLE 21£1CE §AA
Fowl, 07:00%E 19:00747) 1242 o2 mgo]
2393, % ASWRNE AL )9 4 A
A Askeh, TIE AWTELS GFE FE 1FY
B AEA 736 A3 A3k

YA $7el A8 d=v 93 ol A kel
A 2 A Y2 g fEsh ST £
71 fstel YEe) WEAZ CRRAZH19:008E
07:007bA) oll 2|7} elfe] A = YEF S oA
Zoll 4Bt 22 Aol W2, v o8 Wol Y of
FRE A Aol A b2 Frlok olFoiRA) g
= 3gieh

TolE FER ohed 24 9Nl A e AR
AE Algelel FEREA olellold Aol = A
& Aow Boksle] QAL 00 Fegch A I
JEE Fegeld Aeldgon) & Aol divlelrt 29t
A g=% ek

A 15LAREE & AMe] Aol & vlels B2 4
HAReA 42 219 Zoll Ygich & vlele) ofmjaly
dold A olelel ks FElr] eled g
5:59] AulEE A% 24ANF Auee] 10uteld A%
i3tk

A% 299 Sprague-Dawley HEE 5-HT, 48
BHASE 5-HTypnc 784 4IRS Foddls 100% N,
Theell e FAP ALEFTE R A ASshaA o
B9 WEE BHsslch AU et o] Rk

1. NH(Not Handled : eje]Zeild wthx) ghe-

2. H(Handled) : & A9E $UehAl Akt opF

HAE AL F

3. N2 : 100% N, 7heoll =344 AbeEg fuet
—1‘

4. NAN : NAN-190 HBr(5-HT;, 584 2ai4) =
AE

5. NAN+N, : NAN-190 HBr ZAXF A443 §

6 K : Ketanserin tartrate(5-HT, o521 $21
A AAF
7. K+N; ¢ Ketanserin tartrate AAA% 48443

)

NAN+K : NAN-190 HBr3} ketanserin tar-
trate $4 AXF
NAN+K+N, : NAN-190 HBr# ketanserin
tartrate $4 423 AT FUT

ol @ E E4 ¥ 376 siglen), 4 F 470
YFE sl shie] AgAel rleld Agsisien,
A DA RANR

©

014+ i+ Hoj7| MAMECS olpt NEBET Y

AYFEE YA/ AFE FPsideh AU
T F AT 2% AT 7l ATEE T ST
A% 12-15%00 AekEE ARSI A3 22900 wire
maneuverdAd Aldsiglon 4 40-5597 A%
63-84%9] FEE At Rota-Rod test® Alehelg
ok WE2 el B APTEL AF 1000 214847
A i AHAA 5-HT 3% 5-HT oo T84 AGAEE
Asgela XM oby APNLEAN T A
< g FRs

2. FuLE f

A% 299 A7)E 37CE RA=E 364ar plexy
glass A7 9olA] 100% N, 7h=4i7de) Azl on
N2 78] #8), HEHEE 24 /minolgl, 1287 =
FAR AREF B 308N AYTel WA 2.0
me/ke NAN-190 HBr(RBL Natick, MA, USA)# 2.0
mefkg Ketanserin tartrate(RBL Natick, MA, USA)
¥ oz FAsSIL

3. Wire maneuver test

B¥ 229 SIe @ A=s) WS A7 YAt YT
54m Eololl 47 ols) AAEE AL F YmS] B
ol vheish gl HEE R Aol weIE Sk
23 A g S ARE s,

4. EH4EE (explorative behavior) Z4|

A 40-5590 2§ el =EHNE W) AL
Hehs BAREE Al 50X50X30me] ok=2
ARl Agoz =FA7T Foll AA=o] g HelA
FAAAE $A9E AYgicHActivity meter, Med
Associates, St Albans, VT, USA). #3A7:& 30
FRelglen =) 3¢ FAeE ambulatory activity®
Fasisick

5. Rota-Rod test

+E2471% (motor coordination) & Z4sh=
Rota-Rod testt A% 15e%) rotation rodslell =
€ ¥3 302X 1.6rpmeE, 30& olFol:
4.5rpme2 3HAAA rodellAl Hold wirkAe] Ak
FA%gh, $E2M7]ZE Panasonic Speed
Controller (Panasonic Co., Tokyo, Japan)& AH82h
sieh

6 ofaly NzEEEY BT &%

AYERE el AN ME Bgoz YA 59
2 $lolAl Glowinski ¥ Iversen(1966)*2] W& 9%
1] RFI (frontal cortex), A2 (corpus stria-
tum), #eHhippocampus), A4 (thalamus), A4
A3 A4 2A 21299 (hypothalamo-
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amygdalar-septal-preoptic area), ¥7(brain
stem), £ (cerebellum)& £ H&sigick, 914 o
24% WEAEY (cryovialoll ¥t GAEAE ol82ie]
B WEAA BIsglch HEE H2AL of) 34
2 98l Wagnerg®el e Hgstel A F Axz
EvlEads 47138 A% A9 (High Perfor-
mance Liquid Chromatography-Electro Chemical
Detec-tion(HPLC-ECD) System)& 1821 &4l
h & HzAE 224849 2040142) 0, 1M perchlo-
ric acid (0.25% disodium EDTA %) & 7lel 34
3REF 158 B DS FollAl 94 PHR F 12,500g
o4 2027 LAEelsle] 21 NS SR F ol
% 204§ HPLC-ECD systemell FJ3}o1 norepi-
nephrine, dopamine, 3 4-dihydroxyphenylacetic
acid (DOPAC), 5-HT (serotonin), 5-hydroxyin-
ic aci A g ic acid
HVAE elzgsdas, 2§49 22984 (peak
area; wXsec)& §1e F olF thA] REES (exter-
nal standardization) & ol&sie] #Fe 2 B3I,

High Performance Liquid Chromatography
(Waters Instruments, Model 700, Milford, MA,
USA)E A44112m, Column Biophase ODS 5 m
(250X 4, 5m, Bioanalytical System Inc., West
Lafayette, IN, USA)E 483}

o154 (mobile phase) ©2& 8% acetonitrile, 92%
0.15M monochloroacetic acid buffer (0. 55mM sodi-
um octyl sulfonate, 2mM disodium EDTA%S; pH
3.35)F Agslgled, 9588l #ISEE 1 On/min
& f#A%sich 77124 Coulochem I Elctroche-
mical Detector (ESA Inc., Chelmsford, MA, USA)E
g3l Guard cell 320, Electrode cell 240w,
sensitivity 200mo04 Z31gick

7. 5HT8A =X BE 3 HStE 5F

5-HTF-&Alel 494l A¢EA CHI8-OH-
DPAT(Amersham, Buckinghamshire, UK)& ol
sle] YRS AW AR F il del iRk 84
79418 (receptor binding assay) & A3aisich WA
HEH 23 A7 0,25M sucrosed el Y cell
disrupter(ka Labortechnik, Dreieich, Germany)
2 (13,500rpm, 102) #4471 ¥ 500-900g% ¥
Aelelol A%eRg gk ol& 4] 40,000ge04 15

£7 Qagelelellde AAEE 10009 A7HE 50 mM

Tris HCH|(pH 7.6) 22 347 37coldl 2082
incubation#7] ¥ =4l 40,000g% 1587 ARl
gtk o] FAEE 20w 50mM Tris HCIEH(pH
7.6)2% ¥g3le] #FM2® membrane prepara-
tion® THEol ZAY AL FANCE o] R
SEA AYAYL o7 FE@FFE 0.125-120M

<] (H)8-OH-DPAT 50} 45048] AEFASY % 50
9] 104M 5-HT HCl(EISe1As) == 50 mM Tris
HCI(pH 7.6) $5R4EFAWM S 0.5m wiekioz 37T
oA 1583 Ao EA gaigieh ohg ol wiokRg
Brandel cell harvester (Biomedical Research &
Developmental Laboratories, Baltimore, MD,
USA)E ol§3}e] Whatman GF/B filterol] §417
¥ 2AANEE EYL F olF 6w scintillation
cocktaildl §7 liquid scintillation counter(Beck-
man, Palo Alto, CA, USA)Z AZol A% CHIS-
OH-DPATS] A5 SAsi3ick.

Fol4 A FAIA ulKel AT Wl o Al
Asiglon of ke CHIS-OH-DPATS) 5-HT,, 84
o digk Bmax$h Kd& Scatchard plot olgsied Al
Arstgiet.

8 B-HTpapct8HIS H=2L UE o RslE &3

5-HTopc 840l SolRoz Adets E424
(3H)Ketanserin HCINEN, Boston, MA, USA)€ 3]
FEE 0.0625-5nMe] ofe] $EE sie] whgAlze]
HlFoAY F4e A% AATAEAE 1208M methy-
sergide® Folsigich, = 919} WHE 5-HuASEA 2
A A Aselict

9. BAX|

AP B4l mtet AT FAANE Agsisich
& AFE7he ARHE APES AGEES contin-
gency table analysis, wire maneuver ZAHA2
Bl24EAS) Kruskal-Wallis 348, T2l @48%
Z43% Rota-Rod test U 5-HTF&A A= o WS
AL BARAC elo} 2 Fzkel AR wlag
Scheffe's test2 Z43igich

Zz

T AOfET| HALE R AZI0| T BEF WE

At AgE AEE gsge] XA 97) aEel
Aol 24 AES =33 SAT 2UE AR
Selel A 19, 299 39 I J=F 5% Al
EFAAN AfLZel BBk YARGAEE THEFE
Batrey AARIGTh ANET U & oo 108
BHow TFFE FAY vk AE 1, 2%Ulke AGET
SR EF571 242 79,6+3.08)/min, 87.3+%
3,93)/minelgtedl A4teF 4% 1080k 474 87.8
+3,43)/min,  97.1%2.8%/mine & Z7HEgsh 28
U oold EF4E AT Fdelel 308 olFel: 18%
olstz fARTh} AT U 5087 Al =23l
o, olshe el A% Yol ARLF U olF TS
7h F7Rsle} AREF K 508 ool Agel) A7
A $ASYHFig 1.
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ol2id ZAvhe AF 29 olFRE] ATl e =]
HA7Isel #his] viehds AR wekd £ ATl
B ALET B AHE AF 292 Aol ol 4Y
& Assialek

2. HMREI SHTHEH S44%0L AlEe] oixls
A4
AEL A% 290l 33 AT AWk 2442744
o 7 A5 ARFE TN el sl @
AT 2440l ST AFEE AREFL U T
olAE 19.0%9) A& M NAN-190 HBrfolF
ol 12.0%, ketanserin¥F<lAlE 9.5%, NAN-
190 HBra} ketansering& §Alol Foi¥ Folde

©
©

o PNDI (10
)

RESPIRATION RATE/ min

& PND3 (@)

TIIE (min)
Figure 1. o) 27) AP2F HU A7l GE TR WF
age] ghe 4F 19, 28 Ei 394 AYLE IBF o4 10
#RAen tH¢E Ay PTrAT AR FAGYT
()ete] ke dYFEFE e Ao 4% 18 R 2UFE
B AR IWVEE AEE FUA IFF F28 xR
SO0% o] FHE] AMYY WA HASU,

Olg% 2 1 HOHEY| NALEOR ol NEUSIIE
5.6%3ck. 5-HTH8A 22iAlE Fold gulold A
AFE U B9l AdEe] S5 FYeinc} 24 o
4 WARA F7lslel NAN-190 HBrel Agole
27.3%, ketanserin® 30%33 NAN-190 HBrst
ketansering FAloll Fojala AMLFE Fisidd
2 Aggel 53.9%u gl ¥ =% olF 7WAAS
AREE ¥ xF 2447 oliRet of Foksgiont
Aoz vad ZeE 29l (Table 1.

o] ZFEA AAEFE pishe B D5 mFucks
S5-HT8A7 $4isigle B¢ AN wge] S4eL
& ek 53] 5-HTp% 5-HTouucF 84 2574 %
HEALE B9l 50% ool Asied olFe] aAFelA:
NAN+KS} NAN+K+N,#! 442 Astzisich,

Table 1. 4% 2¢9) A4£F €3} 5-HTT84 ¥4 Fo
F 2443k o]} 4 TR7NE] ARE

2471244 A% 192
z b hikd F kil
NH 00012 00EIS) 83N 1335
H 000%) 83112 OKWB) 83/
N, 02010 1822711 303(10) 273311
NAN QUL 143 1822 14324
NAN+N, 182/11) 364411 364U 4SS
K 1010/10) 90U 30010 188211
K+N, 10110)  S0.0(5/10)°* 2002/10)  S00(S/10)
NAN+K QUM 0OOM 182N 0007
NANHK+N,  3084/13) 7691013 4626/13) 846(11/13)"

I e9E qEEoln (el AEERT AR 9.

2 AVLT FRE 12YE100% N, il wdAIgon] S-HT
83 BHAR & 08U 2ne/kes ¥ FASAE.

3.4 p<0.01, K23} ¥]aL, “p<0.01, NAN+K# 2t vl s(con-

tingency table analysis)

Table 2. 4% 29 AQ&F #¢3% 5-HTS§4 ¥H4 FF 4F 14Y7AH9 AFE7}

4% 149

A @ A% 19 A% 29 A% 3¢ A% 19

% NH 7.0£0212) 8.2:03(12) 9.4205(12) 14840.8(11) - 25.1=1.9(10)
i 7.0£02( 8) 8.0£0.3( 8) 9.6£0.4( 8) 158404( 8) 264150 8)
N, 7.2:03(10) 8.1£0.4(10) 9.420.7( 8) 166+09( 7) 2672200 7)
NAN 7.5:04(11) 8.8:0.5(11) 10.620.7(10) 17.1508( 9)  27.1=1.6( 9)
NAN+N; 7.5504(11) 8.6£0.511) 10.520.6( 9) 163£1.0(7)  29.1=13( )
K 7.850.4(10) 9.0£0.5(10) 10.7£0.6( 9) 17260007 293823 7)
K+K, 7.940.3(10) 9.120.4(10) 1042050 9) 166£1.0(8)  258+2.4( )

L] NH 7.2409(15) 8.320.3(15) 10.0£0.4(15) 17.820.4(13)
H 7.2408(12) 8.50.3(12) 9.820.412) 16.4£0.6(11)
N, 7.3:09(11) 84203(12) 93505 9) 1542080 8)  24.1x1.5( 8)
NAN 7.0£03(14) 8.1204(14) 9320.6(12) 155:10012) 255423011
NANHN, 7.2009(11) 8.2:03(11) 93+0.4( 7) 147100 6)  27.7527( 6)
K 69+03(11) 8.0£04(11) 9.350.5(10) 159+08(9)  28.1+1.6( 8)
K+N; 73404(10) 8.3£0.5(10) 102410 5) 176110 S)  31.0+0.6( 5)

I Re R REe A, G gol, ()tel £rhe APTES 59

Aag HRE 1282 100% N2 7hae] @2 5-HTH§4 lil’{& =g 30% Wl 2ng/kef H7NH FAIASIE.
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3, MULBT 5-HTHSH B4 HES7 vlxle
EE]

A% 286l ALEZE HUAHY TN), NAN-190
HBr(NAN) =& ketanserin(K) Fei¥, NAN-190
HBr E¥ ketanserin AHAF AZ FUFNAN+
N2, K+Np), Aol delgiont A4aF f4 = o
EFelE A o FH 25 ofulZelA] WuA ek
© FNH3 E7A F7hel QelAl Holg HelAl ehgieh
(Table 2),

Ol Ak B QlFolA] A ANLFI} BT
ool xFHYUY gl o]¥e) 4RI UG HEE
2] o A0 A, B A7l 44 AT
ol AP 4% PEAAE YT T PE AL R
Ageigich.

4 MULEI GHTHSBH B2} 7ot (eye-open-
ing)oll olxle g
FHeHEye-opening) & 4Hel AES AL A4
ST Gk AF 12-159% B ARk BEE 4 T
ol Aol7h glglow] A% 15Yele RE 7o AHEE
oA oggto] AgksIgiTHTable 3).

Table3. 4% 29} AILF FEH 5-HTHEHA B44
FAT 12~15Y Atole] Pek AekE

2 A% 102 AT 3Y AR LR A% 15y
NH 18.2(4/22) 409( 922)  682(1522)  100{22/22)
H I1S8(319)  S26(10119)  T370419)  100(1919)
Ny 20003/15) 4670 NSy 86T9I3/15)  100{15/15)
NAN. 30.6(6720)  55.0{11720)  80.0(16120)  100(20/20)
NAN#N,  2500312)  S0.0( 6/12) 7500 912)  100(12/12)
K 333(SN15) 467 WIS)  TI3(UIS)  100(1/1S)
KN, 30.8413)  S390 7I3)  846(11/13) 1001313}
1 aele gl ()99 £AE LUERS el ool
25,

2. ANeF FLS 1287 100% N, 7heol =3ARCH 5
HT44A 2348 =& 3087000 2m/kez 37h] FAbs
a9E.

5 NM2EX 5-HTH8 B2} wire maneuver
testofl olxiE A8
A 290 AT 5-HTFSA iAol =Eslgl
9 AREEE A% ARl AF 229 g o
wire maneuver® Alsisick, Wire maneuvers A
Apgell dnht oo iR 5 Qlisrt ks YA WE &
el e,

AR R G AR 7 2 S99 Rl

F 2RY F ggiFig 2.

6. MULFI S-HTSSA| S4xvH B4ES alxis
a8

A 29000l AAEFI 5HTHEA iAol =g
B ARTES AF 40-55%0] BAETE AARh
FARE QelAE AR el wEHAE W Hol
ATEE 3087 Fsigich

e qigle] Syl 2w BEES Nyw,
Aol FAlglel FFEE AEE 7o) xFD 2700 B
et 158 o)l HYHE A%E Hsirh

FAellA HES 3087 RAEFEE (ambulatory
activity) & 397+102/30minel4 NAN+N2FE
ALSTE HIS Fol7t glgiek, F76l4E NAN+N2
ol HHETIRE w2l ol %S BNBEEE Yehy
©f 30%7ke) FEFEI} 2,289+ 1, 190/30mine Z HY
9l 397+102/30 min®] 54 oldelgivh, NAN+N2F
olglel FHE HEH wlasie] Holh gigich, ztelA
© NANTo| o Fahe w2 oy 5o RAEsE
& uehlel 308709 $FES} 3,695+ 1,747/30
mineZ HFY 1,030£162/30mine] 3uf olgelgl
HFig, 3.

ol¥ Asks WF7IYl AExelrt glg-e vehila
A% 290 S8R0 =FHUYD AYel AT 209 o)
FAE 759 WES 2l PeE HoIFETh

LATENGY (ssc)

LATENCY (sec)

Ne NN NN K Kot
GROUP

Figure 2. 4% 2¢0) A5 #YT S-HTTHA ¥4 F

¥ YF 2208 AYY wire maneuver test F. 1¥9]

B¢ wired] EHY AUE FRLAELHR EAQ AY.

2 o] dPEE FE 4012 o]PolT.
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7. RMAEI 5-HTHBH 2KV} Rote-Rod testol
olxje 2
A% 290l ALEFI 5-HTHEA] SaAlel] =g
W REE AR5 AF 63-84% Rota-Rod tests
AAsigieh. Rota-Rod test® 3ashe 4594 73
& % FE 4 WS Ak Wz $52AAES
Az Agch
WEollA ol wiAe latencys AWHeE $A
o] gk} ZAgic P4 WAl NANTH NANHN,Z

w s o w0
E - H (5
P D@
Eol e S
§ o + NANGN ()
> o 5)
g %o T K6
o W
|
R
H
o

36 8 w215 w o2 o2 2 B

700 FEMALES

o Mz
nH o

AMBULATORY ACTIVITY

b
TIME (min]

Figure 3. 4% 290 23 #4957 SHTTE4 44 F

AF T 40~55%°] AYE FUEE F4ER 299 @t

AEE BFo] BN F 0¥ 3RVA0E FY¢ $FE

oo} ()9 & dUFEFY.

# p<0.05, **: p<0.01, HZ3} ¥ (Scheffe’s test)

Ol 2] 1 MolE7| HAEO S olFt MEMETIE

o] ©HE Foll ulsle] latency7t #ekwh F3lolAd HEE
AT FAKES k2| 302 olF UFolA et
of HF FeAIdo] 36,043,322 vlsto] NANT-E
27.9%4.2%, NAN+N2TE 20,7+£9.822 729
3, PAAE HES latencyst 25,9+ 1, 2906 vl
of NANTE 6,1£1.62 NAN+NZ& 11.3+2.8%
2 WA ZEsginFig 4.

8, MAAEMN -HTHEA B =2d ofpld
MATSEA Bl nixis

A 290l AakaF 5-HTHEA] BalAlell =gl

QHEE AE 100200 BGAA olly ARATELE

50
©
5
2

5
g
g
3

NAN NANG; K Kotiz

LATERCY (sec)

i

NAN HARGN; K
GRoUP

Figure 4. 4% 29] Y45 494 5HTFH £44 F

AF 4 63~842 A¥E Rota-Rod test . 179 3

& GEAYA GolF el JjtE YR+ EF AR 1T

AY. B A4EE AF 023 Lopm, 0% ofF

& d.5rpmelgict. 24 29 YYFE T 4o ol Pelgnh

#: p<0.05, **: p<0.01, HZ 3} ¥ (Scheffe’s test)

Tabled. 4F 290 A2 #UH 5-HTT8A §44 FIF 4F 10040 3F¢ & P48 5-HTS} 5-HIAA 8

3 FC cs Th HASP BS Chll
H 215:029 1674006 072:011  329£2.04 2473037 13130.10 ND
19035185 22776129 642:027  1643:238 12895470 643:0.63  2.57:0.26
N, L8705 1924020 0632006  133:020 3095018  1.35:0.4
17204091 21886207  582:041 15601297 6644069 2534041
NAN 1942035 168:011 0512008 0781027 1382007
160241 21942140 547:0.62  17.0620.65 6545136 1992008
NAN#N. 1992020 1505027  D67:0.8 1112008 248:036  1.03:0.08
SHIAA 17455187 19606224 5895055  19.99=191  7.50s733 6012075 1.93+0.8
1 e BE+EFAIM, VAL w/g tissueol L, YR F¥ 47Hd o] ¥,
2 AVLF FTE 1282 100% N2 7hs0) @AZew 5-HTFEA BAAE =% 308 Aol 2/ B2 FA24308.
3. FC: frontal cortex, CS: corpus striatum, Hi: hippocampus, Th: thalamus, HASP: hypothalamus-amygdala-septum-preoptic area,

BS: brain stem, Cbll: cerebellum, ND: not detectable.
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2 OArEe BRE FPesnh oAls) ATl 5-
HT1AS8H $4el Foeglonuz H N, NAN ¥
NAN+N, ZolA Al A5, Az, sk A
A, ASIRREA-FA-AA A AR, s &
Helld ®9wz %A% vk norepinephrine,
dopamine, DOPAC, 3 HVAZZE T2kl Hol7t ¢l
gich, r2le 5-HT$h 2 SA4HEe) 5-HIAAS Pkl
E Aol 5 AT 4 deH(Table 4).

9, MA2EN 6HTTSA SMH7t =T 5-HTS
e Lot Fstkol ol I

A3 290l A4kFH 5-HTHEA B0 ==t
o AES AF 10029 HLAA Bl 5-
HT1A, 5-HToune ™83 Z8AEE Afsiaet. o2y
ARAADEANAY vBATIAR H, N, NAN 3 NAN +
N, Folll Aegsisich,

5-HT1A $84l9) A%Ex 2 F3bll Aol7t gglent
-84 W% (density, Bmax)¥ B3 Hel7} gieh
He] BmaxA3E7b 4.51+0.04pM/g tissueclgledl
Bl N, NAN % NAN+N;Ze Bmaxle 27 1.90
+0,04, 1824009 3 1.884+0,30pM/g tissuee
£ S 1/2018105HFig. 5). 8 5-HT,unc 8419

K (iog M)
C-NLaABON® BB

Brmax (pmolelg)

GROUP

AJEE T2l Aol7t et} BmaxAl7 HZl wlsh
o} NANF NAN+N, TN F7kete] 5-HT), 584 ¥
S} 5-HT, 584 #toligh 5-HTapch 84 WES
WAARE Yebiglel Fig. 6).
i g

B
i TRk 2ol Uirel 9 AAE AT e
PpEoln A% AAE ATIEAETS ol A
At AelAs] S Uehis] 42 21 A4 A4
Gk 2Els AALFo] e el [t EFFH
o E SRR A Ans SEe) b o) Re]
A olF Qobsly] Hste] A1, 29 H 3399 HE
5% A0 wEAAN TEFE] F7HE Bslel B
skeh 3 s % 39 ol FelAE kAT fatkell whE
W YAEGe] e & ¢ ek aEeE
AF 2VAAS AEF FES AP dotld A
597 wgst wisy 2z ARSI ogA $4
Aol AAtLFo] f3 AolAE U= Az o o
9] BFFFol WAt A HAFE A%H TEF
g dod § glrka Haslo] gl =

AgLFt st F2 AREF Pl 54

PKd (og M)

H N2 NAN NANAN:

Bmax (pmolefg)

NANGN,

H Ne Nan

GROUP

Figuré 6. 4% 220 AGLF 49 SHIFEA $449 F
A YF 10099 FHO AHHES 5-HT 84 AHE
(kd) 2 UEBmax), I8 e VTEAELAR ENY
Y, % 2o AVFF FE 449 oI,

“ p<0.05, % p<0.01, HE R ¥l(Scheffe’s test)

Figure 5. 4F 2o AT A4 SHTFEA ¥44 7
I 4F 10099 $TY HH9D9 5HT,F64 95
(okd) % UEBmay. 285 Ge BILEELHS INT
Y. % 29 AUEF S 470 POl

5 p<0.01, H2 3 ¥ m{Scheffe’s test)
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ol 5-HT¢-§’1} BHA FolE W FoT vzl u]
AFES Heleh 9 A4 Agste] 44

ol H’é}ir% A7l Binienda®e] Aol R
AEE B 1027HAE Aol figlevt 2083 308
=58 oA 2z 21%% 12%9) AES 29
4587 =39 FolE 83%9) AUEE ngt 2 A
Holldiz 12382 100% N37ell =2A170 23t 19,0%
) AE Ho] nt A3kE 231} NAN+N, Tl
AHe 27.8%, K+N;ZoAE 80%, NAN+K+NZoIA
£ Aol 53,9%ut ¥le] 5-HTHEA] 8442 Foi7b
AEF fu USRS o AREE QA Eole
¥ & & dgdek olR AL 5-HT, 584 HHA 8-
OH DPATEZ @58 FR153el Agslol FYATE &
o34 A%4 <) apneusis) & A3k geA gL
% 5-HT,, 8409 ¥4 HaA2 94 e
buspironee] A543 F1lo] 471 o] 2| gl aqlche
ZE” 22Y ul 5-HT,, 841 g2)Ale] Foirt T2
# YRR THSAE wiAIY F U Ao Y4

FAAF AT AKH ALEF A Al
AR Fol AT F7P} vHzgol uld) HojAivka Bas
AFE ou® B Ageldst e A Awle W
Ael7t @ikt Mg A4E ekt opil AgAE
AE F7IAE 4 20l AelE BRE F Udw =2 9)
ofl Bhe g A3 Aekelut wire maneuver testelld
E Aol § WY + fgleh

F A ABEFE U AF FARAAT B
Yoz A7 F7Hopen field oA vhE (hyperac-
tivity) & 292 & glevl® & ol2idh el 4% 20
U olFolle glojAlchs RILE gleh,® Binienda®
FAA AT D A EAF 19U AW
A A dlEdst Aol gisivkn Rarsigich,
B AYeAE SRS AR SAIA NAN+N 2l
e S7RE HEE & F AR FAAAE NANZA
®E S & 5 A olHld ke Ple] 3
vl o7 A&FF 5-HT T84 $2ell vl 31
Fshehe A& Jehdet. & U (nverted U-shape)
ST RO B NREFAI0) SRS §F b
SRR H3oll 9XYE & 9ok WA Rota-Rod
testd olgle] #19) $E=A715& F4Y Jansen ¥
Low™e] Algolld §4 Aol AdLFol =89 ATE
czFell nlate] v el WEold Wejzivka Waegle
dl # AYellAlis Qi ZFoIH NANZ# NAN+N,Zol
A latency7h @Al 725 2oz veht o) A B4
W A RIAE AT 97 ol 2A oAl
SHT, 0 32l Folrh 957140 oo wa 2
iz AgRick

Aoixr] EAHolsL A4 ALFE FuilE
wloll 44-FelE tryptophan hydroxylasest tyrosine
hydroxylases] #4e] Al ZHasigichAuy® Az

0l&% 2| 1 MoHEY| HAMEOS olet MME7IE

dopamine®] #21¢ H47} F7HEgIcRs B, % -
29141 norepinephrine 4ol Z7lsigicks B3 9
“”Ml Z%A norepinephrine #4el Z7hsigirka &

F A7l AR ARET ol A ¥ A%
H‘é‘%’&i—! A% WPt 2aEgics AYE B3
sglevh Aoliy] AMEF FlE Bk vl A
|22} norepinephrine®#el 271% <) de ggivka
she B gieh? 19934 Dell Anna 598 ¥ 48
3 BLsb AF 2900 100% N 7hsoll eFAA A4
£F€ I JEE 4F 602 2A8AAA monoa-
mine system& 8% 23} d=Aell] DOPACSt 5-
HIAAY #e] Z7hegics Basigiont ola] 94 o
ok, Azxle] 5-HT, tyrosine hydroxylases| §3e
Wbt glgieke sigich, & AYOIAE AF 100901
o 39 MEAEE, QAL sk A%, A
EA-FA-A 24 3 99, A0 2ok 4
7712874 norepinephrine, 5-HT, dopamine ¥
o4 4HEQ 5-HIAASH DOPAC, HVAE Fsislert
7 F2he RolF WAY F ggick oI FAAE AL
&%l %] YES H=A6lA dopamine system$
ZA% Lun $7°¢ Ageld ¥ke] noradrenaline
system& ZAR} Soulier 79 AYellAst viriA =
77 obily A7 AR YPRohe 4 ABHLE
o} ool AR EAS) WS} olol WHE ThAES W
37} ] 2 systeme] 7Pl QS F Aoz LA
vish o) G Aol 2 ool e & Sicke g
vetdicka gz,

AT FU3t 5-HTHEA] ¥aiAlel Folzt vnz
5-HTS§4 RES} AEo| vl JYol4E 5-
HTIASFEH WEE N,F, NANZ 3 NAN+NZolA
ol Hl3) WA ol sigiedl ol AN
= UHOZE 5-HT, 80l 5-HT, 584 244
Foigh vtA WoHE uehd & Qe AeE AN
oh E 5-HTpuci 8418l WEE Nt @ NANTSH
NAN+N,Zolld F7RE 2% 5-HT, 582 3441 F
7t 5-HT pucFEAIOIE Q%S Al 2 ofgel 4%
FollE ALYE ¢ F Ak

ol4e] A Mot AelElS] MALF U A
e} ¥ AN WEE ek AFYEYE
EhlA S, olol] 5-HT,, 821 4o] F2 ofthg &
Aeg ArEe] YF vidtt 5-HTFEAlS) a4 o ¥
HAE o182 ATL AALF, SHTTEA, 2 AFHE
718 Aele] A vl dioll Yeshelel 4z,
a2 B

Aozl A4k fke] ob/lshe: WERH U A
3 g€ Fe feked ¥ 298 REE 100%
N, 7Ra7doll 1287 @A Aadoll g A%
e wEe AMeigich G AL AEdlle] i
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5-HT®] 43g Johy] fiste] AT ¥ 25 Ex
5-HT 8 5-HTanncF 847 $419 Aol A4baZ
kg Alegete} el AsHE sl

L A% 290 AgEF U e 5-HTHEA 2408

A7 A5ew ANY Ao AALF §U} 5-
HTS8A1 B41E BAlo] A8 399} Aol ¥
ek,

2. A% 290 AAEF K 5-HTHEA B44E 72
WY Yuo) waAge A9Y AFL AL 2
wire maneuver testi T3kl o]zt glgivh.
A% 290 AREF {23 S-HTFEA 248 4
Y= AF 40-5599 TABFAME TR
NAN+N, T3} 58] NANTolA Ra5est o
A3 F7hEie,

A% 29 AT P 5-HTHEH 2208 2
@4 Y=l 9% 63-8492) Rota-Rod testd S
% ¥ NANTSH NAN+NsZolA 85247150
Zk&slo} iglek

A% 290 ARET FUsh 5-HTEA 208 2
4 dee] g A 10090l Hjed o Fpy
oIy ARATEAT T WANES] WFE FH
Flout 27l Zel7t gigich

A 200 AMEF FUst 5-HTHEA 2% 3
d g=o] AF 1009 WY o2 5-
HT, 58418t 5-HTanne 8] A3 (pKd) 2
PEBmax) & S A3 A Asheols Wk
7k gk 5-HT, 84 REE N; NAN %
NAN+N, Tl @shA] gz, APol7]oll
S-HT, 584 841& 788 Tl 5-HTnecT8
A =7k Sk

olde] Atz Hob Hellzrlel AT UL AAF
WEI | AR W ke ABWETIYE
Ehfie] ololis 5-HT, 841 €40l Fo3h A8e & A
o2 Az,

®
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