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Methamphetamine (MA) is a major drug of abuse in Korea. Currently preliminary evidence suggests that MA depen-
dence may cause long-term neural damage in human. Repeated exposure to psychostimulants such as metham-
phetamine results in behavioral sensitization, a paradigm thought to be relevant to drug craving and addiction in
human. Sensitization alters neural circuitry involved in normal processes of incentrive, motivation, and reward.
However the precise mechanism of this behavioral sensitization has not yet been fully elucidated. Repeated use of
high dose MA causes neurotoxicity which is characterized by a long-lasting depletion of striatal dopamine (DA) and
tyrosin hydroxylase activity of DA, DA-transporter binding sites in the striatum. The loss of DA transporters corre-
lates with memory problems and lack of motor coordination. DA fuels motivation and pleasure, but it s also crucial
for learning and movement. This selective review provides a summary of studies that assess the neurobiological
mechanisms of MA.
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SIS i B {e)gdolista div= v o)
TR At A Sl THEELE g FEAEY &
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Y 23E Y HRoE A YT, b 55 Al
FHOE ol §HIAN. o)A THEFLE AAHE F
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I, FF, A, AME FABIL A TE5S HYd
W} 2R T o] ekEo] opd “mieF o] HIY, &
g AAE MA & oA vpekEA] F 7 B vE-2
AABI Y A2 T vleAPE-L 9613 3,682 9
A 20024 7,918 0 2 ZIVSIH A I F 74.4%7F MAS.
2 UBRIE 84 dok 20039 1994 797 vlekR
S A3 2002 1€0A 7€) ¥ Blas RE
MA?®] 79 161%¢] F71E Kol vk AREL oy
& MAo] YeRE B BT 289 Uik 717E 8.oF
3te] B9kt

[ == (==

MAS v £3 FFA7}F 78 -F(behavion)d] ®X]=
8% 59E F9 3yt A F¥3Hmood-altering) ©]
o MAZ} A %o HYYE e £ 2 383 (eupho-
ria) & @A Fv, A E FE& T I He 7B
$-(ice amphetamin) 15294 208 A% XA 24
& YERATH MAS] 3 G7HE 124130014 2427 A R
&3, FTE o129 do] FAE A4t AAA
(hyperawareness), #=§ A& &5 (hypersexuality),
ANLF 2] 2F(psychomotor agitation) 5] WER}A
ZF(mania)A g Hol7| % gt} B-&-Fo] BopA AU F
o] 7)7¢o) AR HA EBA A stimulant delirium)&
Beolx o) 2 EE, A JAg ZHA V= g 34
A AH-F Yehls ASF T (neuroleptic malignant
syndrom)3} 22 311 g(hyperthermia)¥ % Z(agitation)
& Bo)|x 3= ) o] S+ AUt 22 HE JAA
7171 &84 18&-%2) benzodiazephineo] A3 AT,

ol g FFHsle] Wle] =& AUA3EHE 7)Ad i
g A58 B2A7} 73 Dopamine (DA)A] ol 2H-8-3) 4]
vehes ez AZEa Jok 24 F cocained
dopamine transporterdl] A3+ & synaptic DA2] A|F
F(reuptake)& HAFo2H 1 FE-& HeERE H ¥
e MALS DA reuptake® To WA FA]o] DA trans-
porterg& %5 DA 1] & £33} 273 0 & extracel-
luar DA®] E71E= S E43% 7|AE B3l 243
. Fx B-3]7f(the ventral tegmental area, VTA), &
3 (nucleus accumbens, Nac), & 37 (ventral
pallidum), W& AAFE 32 (medial prefrontal cor-
tex)S X FH-1A/FH-HET DA ABA
(mesolimbic/mesocortical dopaminergic neuronal
system) ¢l 4] DAY G& Fof 80 dodl=FH B
A4 g8Hacute reinforcing effects)¥ opr] g} &2 F
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GEHEE viAsta = Ao g AdEn. ¥ norepi-
nephrine(NE) ¢]u} serotonin(5-HT) & A& So]
& o] ZF&}Hreinforcing effects) B rl= 7HH A9 v/l 9
A Aoz AP,

HtE-Ao|3 Fr|H o7 ZTEAE FAY o Yeh=
A3 2 YA (tolerance), ZH&3H sensitization), =43(tox-
icity) & & 4 Ut} WA (tolerance) o] & oFE Fof
7} e XS dd 2 A9E &) fEiME o
22 FE 87 He AL gt ol A vig AF
3819l HsE B A4l FHA FellA cocained] 7
£ cocaine FEAEINAE B2 EFY A (dorsal stria-
tum) ¢ Y& D2 &) (receptors) &3} DA transporter
7} ZAFo glor o]y et A7l WS dod|e AT
de] Qe Fo 2 B3t A= oY A145HEHA W
dol yAgdl digt 71548 T840 oIl A=
=do| WP,

2ske] eole AMRIMEE i R4 2 2 amphet-
amine5-9] ZEAE APTENA T3 HH -5
%4 (locomotor activity) o]t} /‘J'%—Zo—(stergotype)ol %
A FojFd tid] o F7iste] el AL w3,

AFEES B dEhbe BBt AIE BUF

1}, amphetamine B82S0 AA Bol& A ts 5
Ho.2 sh= FAF Botho, o] FalF A T
Fo] FEAH AHZFHo] &FHL B, FA, &=
Fo Ay e d24e] Jepldt}l MA-related psychosis
M FddX 571 A& At 4] E 24
A X% (drug-induced psychosis)E A @& I, T3
2 2 cocaine]tt MA F&3W ALEEL ofF 4%
oFEd M HA A& B3I dojdthal 4
3=t oA Ao) zrste] dgia & 4 vt el
oFE-o) 3t 73 EE ZY(intense desire or craving)©]
YR Ak 2HEste] 272 Qg Ao 8 Bl &
37t L WA F-A] == §4(long-lasting nature)& %¢
TR A FEE R A G FERE Al g
3 Ado] o= 7t 3 A& AEE + IP.

ol 8 ¥ ZHat 3 (sensitization) & A28 F e BE 2
F- E T2 2EH A B2 DA JGAAE F - FA
o2 AFgria A4t vk FRA R QA% 7=ste]
A2k &y Bu)7f(the ventral tegmental area, VTA) ]|
A dojdtial AZ43ka o, FHET 4 = DA 4l
A (dopamine cell bodies)EL &3 (nucleus
accumbens)F0. 2 A F I v}, TE|WA 3o
H(expression)= & oA w7 =l Aoz A7),
723t A o] A dAE A EA FERESE
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OIEH&E 21: S2X|(Psychostimulants) 0l CHEF AlBMESH £ D&

zZkE D2 A7F8-A) (autoreceptors) 2] ZharAlo] Hoix
= A%2 J3 FHEHA A 7L =9 mEE
9] firing rateZ} F7Fel= Roltt, o]2 g D2 A7F=&-H)
9} <A s subsensitivity)= 28] ¥ *|&31R] B
=T o7 o) R 2 FHEIINI} AIFAA AT S8
BRI T A SHE A 3hRs A2 ot ghal AZEE L 3]
o} 239 ME D1 87} extracellular DAS]) U 3]
# 53 4 (supersensitivity) & H.o|A @t} F4H
% He) A slo| A AR T g Wl 33 oA
D1 &A1 9] 5ido] Sk A 2iEE 23E
Bvh & D1 A& Al (antagonists) 7} ZH2srt A7)
A& AdshE AHE R, DIFEA Z8o] 773l
FR3= A BT iy s Edes
= THEI A D2 ArtgA o] FFAdo] Fashe
2 12 QAsiA 2apRle] FH7) Eoju] 33 oA
postsynaptic D1 =8-A] o] & 5ol Eold A
o3 o= Aoz AZdr)”,

Zaste)] #ohe Ao AAHI Y E o2 RE
& glutamate 9} Nitric oxide (NO), opioid F+#HE0]
oF. NMDA ZA3HA|= VTAo|A 9] D2 A7H8-A1¢] <
3R 3H(subsensitivity) 5 2L, &3 o A4 2] postsynaptic
D1 &4 ¢} ZrAlo] Z7Hsupersensitivity) H¥ ©] 2]
3 9] =uule] Mals xpeksln], NMDA (N-Methyl-
D-asparate) 23 A (antagonisis) & F¥E57] o AF
FU3H A = A% 7233} & At

GABA 924] &9 9] shell && ventral pallidum
(VP) 2. 28E Fx EI7|7t] feedback| A =d47l A
BrdEd YEAEE sk Ao 2 Hol=u, GABAs &
Al (agonist)$] baclofend Fx &7 o) F¢shd
cocained]] tf g+ Z+2Fsb7} A= AT,

ZF9 ) 1= enkephalin AZFEL E3}9(DA) 4
FAE 471 Tl & 4] enkephalin & 347
turnoverZt F7HEo] Y& AL R vehisd]. of g3t
upregulation @& Eup7le] AAE RAFE7] $13F U
A 7\AZ A= ot opiodsE E3 o) A FY
< 3 HHE 540 FA Stk AL B
=970} &38 oA transmitter2A] hippocampusg}
amygdala 28¥ 238 Z0 2 7l= U ELS A%
%S DAl 4 E gJE A3 A= enkephalino]
A3A == o]¥ o]HZ mu opioid receptorZ} A}
0] He A4 585 A (locomotion)} reinforcing
behavior7} 5715 o] YEpdTE,

NO<= NMDASEA} 843} Fo S7FHE o presy-
naptic DARH]|E F7H 718 98<& 3 Aoz A7
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I YT NOE NMDA 437} @493} =HA Ca™
influx7} A 7)& A W}l postsynaptic neuronojA
A W& B3 A=, nitric oxide synthase
(NOS)7} arginine ©.23E NOE AAFITH NO= Al
S B3 FE53H HAVE 5 71 wiEd e 8493
=¥l NMDA presynaptic neuronal terminal 2 <J3)
3to(retrogradly) 9 I4e} SIAINE 9H717}F SEAE R
i) 27 wjEd) da) H@ = ¢la presynaptic ter-

- minalo|A] guanylyl cyclaseE BAd3}sin ghald o4k

3H(protein phosphorylation)& €2.7]7] gt} o] 214k
3le] AAE= presynaptic functione) FZ(potentiation)
5.2 F3Kdepression)& B do g & Qv A7}
Ha P,

TR F8AL g B HY F9FAE A

= i7f 284 4 Afelol Aol ol=r 153
T A& €}, o] AL g &3 (dysphoric symp-
toms)FH| 7 Yeh=d) Aol crash 7]7telekar &
o &3, B 22, F HE BET 2 55 A
otk F AR GAE g27, AL oA g, FHER
o tie P 5L vrepT olAe wASAE o
3 A=SE frdske B340 S0l A vl 2ol tigk
FEF e I /P AT BT €Tl A
Aol gk B4t JA) A 9rE YT, 59A)Y)
o QasiA Ve 73820 A A3 3

EAEE 2T # JE FHEASY A FRAst
I 77183 -2 YehliE A5UE Eab, 5493
A HE FEAES sk AR F9 dhtoltt, of
Y A5l tgt TERY-L B gt kg 3+
A8 A& Hol+= Aeld), Intracranial self-stimulation
(1CSS) ol T3] BAF 7 Hreward thresholds)?}y Z7Fsh=
AL B4 FFE F At oY BAFYG7te] FTHele-
vations in reward thresholds)7} %717t amphetamine
< T3 & T A AV SV St EE AT
nn el FkeRe Y176 dhetels AeaA) o
o e SEAYAN LAF cocained AT
A B ATz EReE ARl 23
ol extracellular DA o] 4 3= AL in vivo micro-
dialysis& B3+ 2Tk w0 e
cocain SH717HEQY cocaine FHE QlEiA] A7 BA}
g7}e] F7FHE bromocriptine 0 2 Hojx Pl 3= &
A3} 53 g,

ZE2A 4 98 YehE 27854 (neurotoxicity)2
HEFENA B F] MAS W53l B3l o

&5 A (striatal) &} dopaminergic, serotonergic nerve
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terminalso] €4 5HE A4 ST A 4] DA 5-
HTo] A&:22 ZRPFHE Hol= A& 5oz .
A7t dofvhs 4L the 2tk &, MA©] indi-
rect agonists®]7] &) A2 FAH norepinephrine
(NE) 3} DAS] #u]& do7]11, &7]4] synapsedl|A] o]
E transmitter®) reuptaked AHEHHY. w3 ampheta-
minesE monoamine oxidasedl] t] 3t potent inhibitors
o] %L e} o]l BE EAE ATHZ T
ZAQro A catecholamines?] #A-& F7FA]F]AL synapse
€] catecholamines®] F=& ZI7IAF7|A Eob”, A=
inhibitory feedback &3 F@&3}A & o] transmitters)
AP ol2A HE o2 B v,

AAEARL g/ 25z FEAZ &2 A &

ggsg 2 Jojip=y), D&% MAS 23] EojAZ]

ratsOl A= EFHA oA Euiilo] o) A FAaF
by QA 712 H Ak £ FAAZ FAAE o)d
EI7F GERER] 9. MA SEAES] FE a4
Z244 42 DAY tyrosine hydroxylase, DA trans-
porters7} 2448 232 BT H o] AL amphetamine
9] Fgo] ZHEHA A2 DA Ao £48 Toke A&
AAFs=E Ao,

MAo| AR =S do7A 3= BFT 71AE oHF
Brast d71RE DAY A71akelE(auto-oxidation
products) o] oj&] YEh= Ao 2 A2l =T MA
o] 234 DAl #2) vlE Y DA°| auto-oxidationd]]
o)) AFstEHA 6-hydroxy (OH) DAo] AV Aol
ol I¥Y 6-OHDAE wi-¢ EHA st
Hydrogen peroxide ¥ superoxide, hydroxyradicals
o] AV Hui o]Fo] AAEAE doztka Aty
a1 o o)H3 AAEA U g 7Hd2 ascorbic
acidt} vitamine E 53 22 3314 2 Fof3hd MAY)
o =ubyl AAYY] $48 EY F AJTLP, W
superoxide dismutase inhibitor& FoJ3PH A EAJo]
Z7Vst s 297t o) 7H3-& AAFHAL i A eIH,
T t}E /14L& amphetamine 0 & 28] 71 DAo]
synaptic vesicles2%-8] MEAWRE A& E(redistribu-
tion) = Ao 2 AEE A itstd =] S 4l
7o A dojuA =of AAZEAdo] UehdthE Aot

T & S Fofdte o2 B AL gluta-
mate o]t} MAS wHE Fof3ld FE 20 2 glutamate
Eul7l Z7bEE 2348 Belt) o] AL DAC] 7t 3HA
)3 cortico-striatothalamo-cortical negative feedback
loop®ll &3] &R YA A glutamate ¥-Z(efflux) &
771 A A7 S0l vepdtia £, ol 2fgk
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AR EAL NMDAZEAE A std A2 + YU
= A0 o] 7HdE JikHskE 27 0T NMDA 484
o] A43)}= nitric oxide synthase (NOS)S 252 314
e NMDAFEA 7 8413} =W Calcium ione] A
T Z E0]2 WA calmodulin®} ZE3EFI o] A& NOS
E A3t NOE AAdstal cGMPY] &3 & dodle
Ak Ho|uo® NO2| AAEAL free radicals
(peroxynitrite)5-0] 7= AL & QIs|A Aoy,

kg9 Wg-& DAC] w3k i AR A ¢l 4371
ZFHEE Jodles Aoz Btk MA EE-AE 1170€E
Bk epdElE FAAIZ F DG PET AN 27
HA)2] DA transporter7} ZH4¥ A7o] JE X gka
9= AE BYtH?. DAY %7)(motivation)9} =
(pleasure)& Fx3h= Zrg-0]9) o) Shg(learning)d &
ZHmovement) | = AR A AgE @3, T5
(addiction)@4+& 853} 7] Y(memory) ol Foddt= 41
ARES 7)A St 5T VIAE B gojdriaL A4
Ha o} wEkd o] @3 dIe MAEEAS] 7197
2 S F2AT Foj9 AR Aolga & vk
3 57} DAY Wk Zh<rAdo] BolAA "ok A
PR AT 5 AT-E DITER, J34S HE
R} & ol SRAAA ke A& 23 2=
FE 2 e U A& GET] EA He
Aotk MEAFL A 719l tigh 7P fred 2l
long-term potentiation (LTP)2] 7]d-S- o] &8t g3}
2 719e Froa] BEA O 7 AAUTe] dHo] W
e A Fote] AREHA et REg A5 Alds
(synapse)& X A5l oS ®IZAsH ¥HE3t=s e
A Aoy & F AZ7H AAd W7t doluA He A
o|t}, o]8§ WM3l= cocained ©IHH Fo & JHox F
¥ 23]7)o) 4 DA AEA LTPO] FEHE Ao Vel
on 504} FAEHYTL NMDA LFAE #o] T3t
FE e o)™ AFAVE APHAG?. A D] FHET
t ATHLE BIooslE X £o 2 o B2 /A E
W o B AE2E o)FA drt, 28 22t A7)
APFEME EHYT AAFE J2 FAA ol
274 Bgon oY Wl FHolx ke o) ASHY
o} o3&t wskAhAe] 71gH F5& ot T &
Aol AZrE oA AL Yo,

o AN

. |
2 E

S nleRR AN T 2 B XL Y R
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AEHSHE 2 DAC] FH-H A7/ -9 47 =9
T AZA o 283t Ve Ao g AZkE] s Qi oF
Ed] tigk 27, 4T B4 MA Fo9) 25t 723}
2%k Ao & DA 0|99 glutamate, GABA, NO, opiate
ol B 3= o2 Btk A7 o F Yehes
FEA 7 e F57] F4S FEAYEAA B
G717} F7Vehe A B3kt £33 oA DAC] A
3he A& Bt MAY o3t A EAL & vHAEe
2 Vel =949 9] auto-oxidation7] & o] )] A
Ave o2 AAetal v}, FE(addiction)o] F8.F
G v A= DAE 57)(motivation)9} | EH(pleasure)
£ FE3E &A8o)9d F<(learning)¥ 52 (move-
ment)| = A IS @31, FS(addiction)
4L T3 7] Y(memory) o} T3z ABPES 7]
Aot FL3 A& Tt dojdrha A2 it
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