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Abstract — (+)-Methamphetamine (METH) is a psychostimulant, which has been the most popular abused
drug in Korea. The rewarding mechanism in METH abuse has been reported to be mediated by dopaminergic
system. Recently, it has been reported that dopamine releaser (phentermine) plays a dominant role in the dis-
criminative stimulus effects of METH, whereas 5-HT releaser (fenfluramine) can strongly modify METH self-
administration. The present study is designed to assess the behavioral changes and the changes of the serotonin
receptors in the brains of rats administered repeated or self-administered METH. The repeated administration
of 1.0 mg/kg/day METH for 12 days increased locomotor activities, and there was no difference between i.v.
and i.p. treatment. Rats had actively acquired METH self-administration for 3 weeks at 0.1 or 0.2 mg/kg/injec-
tion. Whereas, it was taken few days to acquire sucrose pellet self-administration. The binding of [*H]-8-
hydroxy-DPAT (5-HT,, receptors) and [3H]~5—carboxytryptamine (5-HT, receptors) to brain sections was
examined. Both passive administration and self-administration of METH did not change significantly the sero-
tonin receptors levels in hippocampus, striastum and nucleus accumbens. These results suggest that serotonin
receptors may not change in the acquisition period of METH self-administration, and we are trying to inves-
tigate the serotonin receptors levels of brain in rats maintained of METH self-administration.
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%, 2000). Hzstuelnle SRl ohel Al Evle)
THE F7MA71E Ao] BAlsle] glom, Akl vhEA
22 xE2E A9 =] A7AR) ohzt AR E 21
Ax AT 4 9lch(Hirata 5, 1995). oFE 2|&4=) T
slod w9l 21794 9] Wt 2 g3t e B I
7} 3= et Az E] A73A e dsiAe we] ezl
vl glom, ZZe A7v) s A= 9w

AZEx2 gd Follrs il wo] EA)elm] HY
FES J2T= Ae] duA ok AzES T
e HEE M2 EE ERehs 217AM 2] HoR aF
# o)}, NEE] AAAE 2] raphe nucleiel] A Z3)
o] &5}, cortex, hippocampus, striatum, hypothalamus,
amygdala 3 substantia nigra 5 2] o8] FEoF Mo
et 27RGANMe] zhgo 2= AL 24, HEon} AL
I 22 % 24, A 9 H5Es Fe] g A=
g7 Qloh A2E e8AE QA7 & 17 ¢
g2 gl=d, 7719 subtypelE vi¥e] ¢lT, =hA] Z+
subtypee] ME-gks]el AT=IL S} AA7EA] 71 wel
odeA e 8l S HT, 2 5-HT, 984 )=} 5-HT,
TEAE A 5-HT 08 S-HT, A B753 9lew,
adenylate cyclaseZ HJA[3le] ZH-E vjepll= 7oz 4
A 9l=H(Frazers} Hensler, 1999).

2]t ele] AL F 5o 984 ventral tegmental
area Y substantia nigraolA =T 8491 D, 847}
PA 8] 723}, nucleus accumbens®] D; 83 % 74
3l Zlo] ¥ u= 9]k (Stefanski =, 1999). Z&hv}, oFE-9)
EAol Sl NEEN 44 Wslel fstdibe kel W
EFoof| 2Jaja 5-HT & 773 prolactin®] ##]7} Zhax
e XY (Baumann®} Rothman, 1995)7} $l2 2, o=
Z vzl A9 givh
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e Ao HAAAL] AEEY FEA SHT,
o By WS wlw SYHIA S,

A

%

i
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FHEAA A AT EAAAZRE 5T BRI
AFA Sprague-Dawley 31FE - uto} ARg-sidr). Al
PEE2 2% 23+2°C, F% 551 10%, 12417 2HF7
2] 2713l AREEI o, E) AR AR AIRRES Al

slehate AHrRe] AT 4 UEF F23] FFekdt

Alot o M=

w24 el] [(+)-methamphetamine HCI}¥- Sigma Co.
(US.A) AlELZ, AR A el S ARS8
2—(N,N—Di[2,3(11)—31-1]~propylamino)-8-hydroxy~1,2,3,4—teu~ahy—
dronaphthalene(*H-8-OH-DPAT) ¥ 5-carboxamido[H]tryp-
tamine trifluoroacetate(*H-5-CT)x= Amersham Pharmacia
Biotech Ltd. (UK.)EHE T2, ketamine HCLE
FrakeFs) ()] AR 9L, sodium heparin>- 34 A}
2] 2leFEe Fsto] 1431 7)ek Aoke Sigma
Co(USA) A% EE 17 Aok TUsjd AMgalsis.
Al A4 ZHEEl = A4 0.7 mme] PES0 tubing(Norton
Performance Plastics Co., U.S.A)% silicone tubing(Solomon
Scientific, U.S.A)2 4T o4, sl A43)sic).

Ho FHEEH A ==

AT AHTEE 9 £ JHEE 5 73
A9 (jugular veinyell 4H43F F Aol AME319TH(Caine
%, 1993). Ketamine HCI(100 mg/ke)S E7F Fol8led )
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o] 3312 FAA swivell] dAE  A=F FAAAE
22} 293 FHeElvle] 9338 WAEl7] fl5hed gen-
tamicin sulfate(0.5 mg/ml)E F¥3t sodium heparine £
o (1.25 units/ml) 22 vid flusingdl] FrH0.1 ml/animal).

ANL2sEH 58

AP FE polycarbonate cage(42X 42X21.5 emy7}
Bl ®  Columbus Instrument(U.S.A)2]  OPTI-Varimax(Auto
Track System V. 2.44)S o]-&3&}e] ZAsleir}. o] AA|=
X&T Yo 247 15714 9] A9 jlo] 2.4 cm TALZ
sl e] glo] A FEL] 5ol &sle] Heade] 7hAE
= AS AR ApEpEee] EAEES 1ekd AHelotk
A Fe R v AR (1.0 mg/kg/day) A Fo -}
B Fog T, e A A9eE AW Foa)
At Al AFsl] 394FE wd 608 AlHAR] o
ol el A-eAIF| A, 2 B F 647t v Hl st
s Foigt F 6084 ApE-g3E £l

AeMFEs AE

L F- 747 3E7|zhe] A ApEAFS AlES
ArEted). leEl7E 97 21FE operant behavioral
chamber(Med-Associates, U.S.A)ol| 2.3, 71 €15 syringe
pump(PHM-100, Med-Associates)sl] QAR F 5-74
Zb AES AABIEEL, AEEA Feu 33 peivl Hx
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£ 31992, timeout2 30FZ, session> 2A|7Fe 2 A5}
Het. Sessiono] AlztE o sle[E]e] B2 HF7] S5}
priming injection®] A} 2.2 H7| TR, session <t A%
(house lamp)#} nose poke2| cue lamp7} o] 2 =2 &g}
AF 15FLAZRE 13] ¥hgel 13] injection®] HE=F 3192w
(FRD), 259 ZAx HAAOZE FR5(53] vhgel 13]
injection)”’}*] 2] 231}, Timeout A7} Feboll= F
7} B AAES slal o] dfjelli= Whgo] o= injection
o B ke Sjglt, 12T, Bl APE AT S
Med-Associates interface®} WMPC =2 73] (Med Associates)
L7 EZAsgo. AT Al2dule 0.1 mgkg/in. F
T 02 mgkg/inj. FoIZ, B AR T 2 ulFed o
Zr, 783l W 2dsep] Sl gt viaApE Feodd-
Ao} S vl FodEe slasle) AR A3
o] 557 &AL Ao, APFHF Al FE AL %k
2 o Ao Folsiich |

MzEY 8§ dgs 54

YEUEA AP ApREAT Al Bt TES
ether® nRELL 55 Aol -20°C2 isopentanes] 30%
7 Yoivih PAA A 387 o] G F -70°C YE L
o Bgsidet.

BE AR E o]gsle] 9 striaumP} nucleus accum-
bens(Bregma 1.7~1.0) ¥ hippocampus®} ventral tegmental
area(Bregma -5.8~-6.2) 2|4 20 um A2 AHE At
silanized slide glass(Daco, Japan)l] 2t}

A2E 584 235 F4Z 95l H-labeled 7%
A BolH zhdokg ANl om, vt o] EAEI% T
(Pazos 5, 1985). 4 Tris buffer(170 mM Tris HCL, 4

A Day 1
12000
‘é“ 10000 -
8 —o—salineiv.
E 8000 - —— meth lV
© —b—meth i.p.
=
& 5000
|-
e
& 4000 -
5
2
o 2000
0 T T T T T T
0 20 40 60 80 100 120
Time (min)

Distance Traveled (cm)

mM CaCl,, 0.01% ascorbic acid, 10 uM pargyline, pH 7.6)
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WAY-100635(5-HT; ) Z4 5 uM methiothepin(5-HT )& %
o] 7lsldeh AkeollA] 6057 wER] & 4902 Tris buffers]
537F 28], Sl 2027 ek 2P 371 R 2087
ZFEAIF)AL, 60°C ovenel] 5~108-7F ol ¢k ARAZT
a=jal, w7 £4)% SHsensitive imaging plate(Fuji Photo
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(Fuji Photo Film Co., Japan)& imageS 24519}
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TEET TOAREL T G = AT) £
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Fig. 1. Average value for the total distance traveled by rats after saline and methamphetamine over 120 min period in day 1 (A) and
day 12 (B). The distance traveled was measured for locomotor activities in rats (n=6) after saline or methamphetamine (1.0 mg/kg/day,
i.v. or i.p.). Each data point represents the cumulative distance traveled over each 20-min time interval. Data are means £S.D. (n=6).
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Fig. 2. Effects of methamphetamine on locomotor activities of rats. The distance traveled, total vertical counts, time ambulatory and
stereotypic movement were measured for locomotor activities in rats (n=6) after saline or methamphetamine (1.0 mg/kg/day, i.v. or
i.p.). Each data point represents the cumulative value over 60 min. Data are means = S.D.
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Fig. 3. Acquisition of methamphetamine (0.1 or 0.2 mg/kg/inj.) or food self-administration in rats. The duration of session was 2 hour.

During initial sessions, one response in the active hole was required to produce an injection (FR1) and the number of responses
required was gradually increased to 5 or 10. Arrow points the day starting FR5 (METH) or FR10 (food). Data are means £5.D. (n=4).
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Table I Total intake of methamphetamine in rats self-administering
methamphetamine and rats receiving yoked injection of metham-
phetamine (n=4)

Metham- Acquisition ~ Total Intake of Daily Intake of

phetamine Period METH METH

(METH) (days) (mg/kg) (mg/kg/day)
0.1 mg/kg/inj.  22.8 £ 54 217 + 2.8 1.0 & 0.4
0.2 mg/kg/inj. 22.8 =55 283 £ 56 1.3 £ 02

afet ZApUAAF ] FVkse AL AR 4 YT Fe.
3). w2t b 0.1 mg/kg/ing. T} 0.2 mg/ke/inj. 5
3T EFo)A fixed ratio(FR) Zte] 19 = oFEo] Au
o2 F=E active hole?t ¢FFo] FYUHA o=
inactive holed| w3t WH&- 37t fAREE 2, FRE
2,3,52 7 71HA inactive holeel] &t BFEA]-& 714
= Whalel| active holedl| =3 kAL Fristal
active holeol] w13}k B3 R 0.1 mg/kg/inj Frod Froll A
0.2 mg/kg/inj. FlFE} 2] AT = AL FABEY 5
A%AcHFig. 3A, 3B). 2B]1 jéﬂ' "d-&%“f zt 2
A 1.0 mg/kg/day H 1.3 mg/kg/day®. 5 FollA FAFsE
SeH(Table 1). 9 F43%] 5o w}E WAl ==,
HhE Fedof] 3 ZA) WIsA] g ALE vepgch

oFEo] o3t AR HTH 2] ARRE ARl HEA
7 F AepalRel] g3tk vheAdS 3 TeMe AdRE
783t dbhgAde] vehger, 159 ool FREHE 10744
<2 U o] ARE Bale] AL AE g
F3e] W §lo] oFF felsh ARl A & F U
oHFig. 30).
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Fig. 4. Autoradiograms of [H]-8-OH DPAT or 5-CT-labeled
serotonin receptors. The striatum and nucleus accumbens (A,
©), and hippocampus (B, D) of rats labeled by [*H]-8-OH DPAT
(A, B) or 5-CT (C, D).
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Aol *}72’5]“‘:] t‘:?l', striatum & nucleus accumbens®]]
A= o] AL vehiz] ‘:’]'%}.—Ur lateral septal nucleus
oA Aol ZkelA VPt amygdala nucleus®} cortex
A= Fado] Ve Zlol S1REIgC(Fig. 44, 4B).
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Fig. 5. Effect of METH adininistration on 5-HT,, and 5-HT, receptors. The data demonstrate the binding of [*H]-8-OH DPAT to 5-HT, ,
receptors or [°H]-5-CT to 5-HT,, receptors in the brain of rats receiving either 0.1 mg/kg/day METH or saline for 12 days (i.v. or i.p).
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5-CT2| ZAse] ZA A=A Adsict.

AzAlg =t dageieinle 1247 B8 585
2} hippocampus, striatum % nucleus accumbenselA Al
28 $849 A5 W w3 8-OH-DPATS] 2
T FH% 49, “”"‘?J'Jﬂ‘i]'m S ATk :rL-°f]
hippocampusi| X3k EAde] F71ele ko] QJglor) &
7k Az} w9 AN el AL dsle, stiatum}
nucleus accumbenss A= Aol 712) vjehlx] egie). 5.
CTe] ZA5& 743 A=, diagiem Fo2e
hippocampus#} striatumell X Bl o] Frlsli= ko] gl2
v FETS "WApE AN 9492 dsiohFig. 5). =38
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g 4 gledekFig. 6).

[l

i

ATNAE A=A dadselnl e whE R3S
'IIH e WA, AT AP Sl uﬂﬁ
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5-HT), ¥ 5-HTg subtypedl] gt Aias 331, o
syl ed WA AR S84 WaSe) B
-2 234 st
4, el B AT ol MMk FolAz
ol E7HFel el ArAHS Alge] AMEEe AW e o))
PERs)e] Aol2 WAL A, BAFAZ A4 6027
S7H sEse] FAEoH, Bl ARzt
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6027} WL v, T3HFoIT A9 20844 408717
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mg/kellME HEFZ Z 2ol E Holx @ort, 0.3 my
kgg T8t A-f- HAT 3= 2] S5 HgoH,
1.0 mghkgs Folgt A9 180% Fofof AR AL
B usldeh(Riviere 5, 1999) =, 27, A%, 3L ':975}
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A#s 232 AN 23 01 ¢ 0.3 me/kg/inj ol ME
o]&A o] AE L), 0.56 mg/ke/in & T3 ATl
)&M) FAHA &om, 0.1 mgkg/inj. HAGH o)
71 74s vbeAdS Bele A& B asleleh(1999). v
o) Munzar 2 0.06 mg/kg/inj. WA=l oz APy
Hy FL ANBIITH1999). £ AFelHE 0.1, 0.2
me/kg/ing. ] B3l|A B3 wpel FALEA oF 2~3Fe
AA ApAFT FHE AAE A YAEHE RS
320} (Fig. 3), 0.06 mg/ke/inj. e &M=
oj&4 o] AR ot (Data= BelA] kghs). =3l
0.1 % 0.2 mg/kg/inj.ollA] methamphetamine 43332 F
Absted ot 0.1 mgkg/inj oA 0.2 mg/kg/inj Bt ¥HA
o] ol A JEloE= g 0.1 mgkg/inj.o] AL &
Hell 71 AAY FEE ARSI

o Aot elale] ofEguisd] gk A2 %yl zRgof Tl
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