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Il drugs of abuse, like neural rewarding behaviors such as sex and eating, increase extra-

cellular dopamine (DA) levels in the nucleus accumbens (NA), which is a part of the com-
mon reward mesolimbic pathway from the ventral tegmental area (VTA) to the NA. As addiction
progresses from initial use to obsessive compulsive use, the neurobiology shifts from a DA-based
behavioral system to a predominantly glutamate-based one, still relying on DA. A DA release in
the prefrontal cortex (PFC) and amygdala in the relapse stimulates glutamate transmission bet-
ween the PFC and amygdala and glutamate release in the pathway from the PFC to the NA core,
constituting a “final common pathway” for drug-seeking behavior. Dysfunction of critical PFC struc-
tures results in drug craving and impaired decision making. Inhalation and smoking are the routes
of administration that allow the most rapid delivery of drugs to the brain, while intravenous injection
maximizes the bioavailability of a drug. The pharmacokinetic properties of a drug that dispose the
user to increased self-administration include rapid absorption, rapid entry into the central nervous
system, high bioavailability, short half-life, small volume of distribution, and high free drug clear-
ance. The pharmacokinetic properties associated with drug dependence are a long half-life, low
free drug clearance, and presence of the drug at high enough concentrations and for a sufficient
time to permit tolerance to develop. Pharmacokinetics and pharmacodynamics play an important
role in predicting the dependence and abuse potential of drugs.

Keywords: Substance-related disorders; Dopamine; Neurobiology; Pharmacokinetics;
Pharmacology
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Hof|A A 2] XM (nucleus accumbens), H=8 (amyg-
dala) ¥ AAF99] A (prefrontal cortex)S 43 P5
(adaptive behavior)< #Hollal Z2H3k= F2 F-9lo|t}.
21 97| (mesolimbic system) ] F 3-9] o] 9| x|3}= =24
o) X&) o ok A WA % (positive reward behavior)ol] #+
ofelal, HEdle 24 B2 F¥x 5718k F(negative or
fear-motivated behavior)< 7)Y, AAFHu| DS B
FBEol thet oS gl oAb ol gt Akl B}
(natural reward) 3§5(o]: 23&, 218) 9 oF& g-o] ¢
ol M= E=3)7)  (ventral tegmental area)oljr] $4 9]
AYE dZsh= 425 T3l A A A o] Zapdl
(dopamine) o] 7}, 3171, sy, wWigdo)s
Al 2 ER (methylenedioxymethamphetamine) %
& A ma AR B RO1E FPA,
&58 obHFAMA, YR (nicotine), thPHcannabis),
NMDA 234 52 Z=apvl Alx o] wsls 2deh= 217
AZE AT 2R T H 02 ol g T/t
(2. 7] oH& -8 SN = A A oA 9] =yl
S7P7F Fa3 33 gt} 1 9] GABA, oFARAR| SlEk
o]=(opioid peptide), MZEWH (serotonin), oAEZ 2
(acetylcholine), =7 48] =] =(endocannabinoid) %
SFER o] E(glutamate) 50| 2AH S Ao g B=
7R g FAAH oA o] Zopgl el JaFE m|3
t}. o] 5 GABA Alo] A A E(interneuron) = B3] 7] 5
o} A A |G ol|x o] Topgl EHE AA T 28-S 3t
™, oFAfAAlE w8l 2H8-3He] GABA Abo] 2173 A
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I AL JAAFezN =apyl deg E443aRIc
(3,41, A AT elx 0] munl T7h= A B Aol 1]
3l oFE 8 Alell A4 S A e, 2 S7FEE B
TH5). B8 oFe H-8-2 Skt 719 ] A=A
7Vs& WsAIA A8 B AHE Sz oms A
Bh= €%¢] 719 A& (memory disorder)olgh= FHE
Atol.

oFE H-8 27| dAollA oHEo oA o8 Htu|o] 7}
= o] SR L Ho] mEd: ALES AT 5
), 55 Al HzdloA A9 AR5 2 (adrenocorti-
cotropic hormone), ZE|F2H| £ (corticosterone), 21
94 A=35 28 W2l x(corticotrophin releasing fac-
tor) 50| S7Ieit}, o]2gh H o] AEY X AlXE o] 235}
= 7 S4oly A4 3K negative reinforcement) 2 -
Fo, FAl A= 28 ERIA daAleh 22 g
| oFa2 FF 2 o FE ABAR M2 Ao
CH7), 27] o g ©Al o] HodeE Al ks
of AR AAE AAF ek o]l oA #A] e
AR XY HHA ST 0| E F41] A|A|
tH3,8]. 2710k= SAAFH oA maprle]
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FH] SRR o] A} zle) Hol wheh Tyl Eu)7F A
T A} Az ojx] o] FojzIct, o] FHA| Fu]¥ =y
2 AT AT AL Alole] SFEMOIE ALS &
ko w3k AAF-Hu doila FA A F8(core) 2
SFEMO|ERHE F7IAIZITHB 9] (Figure 1), F5 el
oA WHEAQ] ks Fofrt A& Ax AT gu e

A SAA ez o) FFERO|E £1] 24 7)) 3
L, AR o] FFEO|E AEL| 7]ZHH(basal
extracellular level)2 7rA381A] €t} AAFH9d 75
o] e A A, 5, RS oA bEA T oF
718k}, ekwjol#(anterior cingulate gyrus)S 3FF FA|
715 gkt duolge] EEwrt FHAehd oFE A
gl tigk AAI=S 94 Flck, F8helnts A (orbitofrontal
cortex)= 90| =2l Q49 XA 945 TSt
F71FE Ashe QS skt £ A o A

A oA el ®oH2,10] (Figure 2).
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Figure 1. Models of the circuitry regulating the transition from psychostimulant reward to
relapse. (A) Dopamine (DA) projections and how chronic psychostimulant use pro-
duces a transition from reliance on accumbens DA for drug reinforcement to reli-
ance on the prefrontal and amygdale DA to trigger relapse, to DA in the caudate in
regulating habit responding. (B) The circuitry in which DA projections are embedded
that initiates relapse to drug-taking. DA input to the amygdala and prefrontal cortex
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Hi, ofi= 312 58 okl F571
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is critical, as is the glutamatergic output from these regions to the NA. From Ross

S, et al. Clin Neuropharmacol 2009;32:269-276, with permission from LWWV [9].
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Eejglets A, 24 Fel(dosage form), Fof 4=,
U2} 53} g3 (first pass effect), ATFFE(prodrug) oJF-
of| whe} oFE-9] F4=(absorption) @ A o]-8-F(bioabail-
ability)o] A=, o= okEo] 2 WA | JF&
n)zIch, A2 L= (lipid solubility)7} & oHEe] 42
2] FE AR08 S7IeH| Hlo] 3-89 #13o] Az
oH11]. 5L AdE-2] oAzt 3sh4 &E(chemical form)
of| W} 27} F(self-administration) W o] GEFA=
tl, 27} (cocaine) o] ThEZQI ool dzte] =71, 718
A, A7 Al (excipient) 2 EH|E 5 (rapid or slow-release)
o] Z2A Feol whet obE 8- YR E gepivh
£9] =g Fol7] 2= dae] AFE WA
JETE A= Ao TasH, AE o H7-8 nlek
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o|B& ofgo] o] Fog Far|ofof
W EIE yehdin, ofzo] oA
¥ 2 olFste] BdE vrhle te =ulsiehy A2
2 83l|%, F2k27], pH, pKa ), 2F& 25F F e (passive
diffusion or active transport) ¥ 7 5o JgS v]A|
Al €k, o2 A gafwrt 2 sl2HlEEAR(barbitu-
rate)Up Wl ZTRojo Al A2 OFE 218 79191 22 o] Fo]
wk2A| dofupv], 2] e =7} & oF=o] 382 SE=T}
Aoz avil,

3. 2k=2 HA

oFg-o] A3lalE WL F2 TholA o]Foix|n, 1 9
|, 21 FolM = AR o] FojzIt, AlEZE(cytochrome)
P-450-2 7k thAbell A T 491 vlo] &< (microsome) &
2 AlzElot}, nlo]agd §a Al2EL Fenl=ng
(phenobarbital), ]38# (rifampin), ¢Z-& &2 dujl 5ol
o3 &3yt H7)% st FUEL](phenytoin), =&
Y& (chloramphenicol) $-& AJHE]H(cimetidine) 5

J Korean Med Assoc 2013 September; 56(9): 762-770



Figure 2. Addiction circuitry. (A) Schematic and oversimplified sag-
ittal view of a brain depicting four circuits that are postu-
lated to have key interdependent and overlapping roles
in addiction: 1) reward prediction and the core sub-
strates of pleasure (red) located in the nucleus ac-
cumbens (NA) and ventral pallidum (VP); 2) memory and
learning, and the main substrate of conditioning (purple),
located in the amygdala (Amyg) and hippocampus (HIP);
3) motivation, drive and salience evaluation (green) lo-
cated in the orbitofrontal cortex (OFC); and 4) cognitive
control (blue), in charge of restraining cravings, located in
the prefrontal cortex (PFC) and anterior cingulate gyrus
(ACG). (B) Hypothetical model of addiction as the result
of impaired information processing within the reward
network. Compared with the non-addicted state (left),
the salience value of a drug (red) and its associated cues
(purple) is enhanced in the addicted state (right), where-
as the strength of inhibitory control is weakened (blue),
setting up the stage for an unrestrained motivation
(green) resulting in compulsive drug taking without re-
gard to potentially catastrophic consequences. From
Baler RD, et al. Trends Mol Med 2006;12:559-566, with
permission from Elsevier [2].
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Table 1. Pharmacokinetic characteristics predictive of harmful pat-

terns of consumption of mood altering drugs

Behavioral I
pattern Pharmacokinetic pattern
Persistent Rapid absorption/high bioavailability

self-admini-  Rapid delivery of drug to the central nervous
stration system
Specific areas of the brain such as the
nucleus accumbens may be particularly
important
Low protein and peripheral tissue binding
Small volume of distribution
Short half-life
High free drug clearance

Dependence  Long half-life
Low free drug clearance

Sufficient drug exposure to allow
development of tolerance

High enough concentrations
Long enough at site of action

Short half-life
High free drug clearance

Rapid efflux from the central nervous
system

Withdrawal

From Qninn DI, et al. Clin Pharmacokinet 1997;33:344-400, with
permission from Springer [15].

45 ol v, 9 divoluy E5-8 Bl wid H]
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A7t ol B g S18e BTN okEsA aclsw
= opEe] B 4, tHlme] A48 R o] %, E e A
o158, Fe W), e AT E, He BEEH (ol

ume of distribution) 5°|t}H11,15] (Table 1),

Lt OF
[= S

1. OFH A
nE=d

BT - dAF 3 A AA AR o 8E2 °F 30%
Aol x, 2412ke] WKEA)E A 3007} Bl B
t}, i = S FFE2Hglucuronic acid)¥ ZEIHS-S 3}
o] morphine-3-glucuronide (M3G)¢} morphine-6-

o
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glucuronide (M6G)9}F 22 thikrkzo] A Hrt, M3G=
HIZ ARl ] Wl MOGE St AR EA 21s
AIE vERITh MG B2 ET 71 R]E 7R
2 A o] B¢ M6G7E 4 E o] 3548 52
_%Eﬂfél T QieHiol.

) & =2l

FEaAe= w2y 2ufoln, AekaEA] =2l
(heroin) ZHA|¢] ofg]adh= vln|eiet, 7l & &3
6-monoacetylmorphine (MAM) 2 2 w27 tjAbE & &
2xlog Jgdnt MAM2 A 887} 7] S5A1A
B A& o) FataL o] = 1%k Is Ay e, vt
71 gtk s129] A7)(base)rt AR o] =(alkaloid)=
5 o] Yolx 71hE 083 5] TR E-8EY, &
A Al FFABAR A& o5t 71 (catfeine)
o|L} #|=rl= 8] (phenobarbital) ¥} -8 34 A|(dilu-
ent) S AR83h= 78 Aol 85 0] 7RI &= 97
o gl F2F H7FsE Asal) A A7 7802 He-E7]
=317,

2. 012 S X Z24H|
1) HARE

HAR=(methadone) o] A Aol P X 3k B2
A} v|S=8kaL 21E2hg-0) A gl AEARTE Ao et g
73 oA oA FR BEF o g 2e] ofE/de] A1
gate] SEd A mol ARSHeh $4143(d) B3 Al
(enantiomer) & 16A17+2] U715 7FA| 3L, 2421 244(1) 3-8}
o A= 48AIRHe| RETIE ZHAIH, 24417 sl A7t
173 Fsto|dAl Bt WE A= 8-508) At AT
o Al 57} 2 =o] 4A7F B E 3 H 3] o Bk 80%
ool BA|ol-8-E-2 Ueh ™, B|lFA A= 1021t &
ol vrebdt}, 378 oksst mdlol] Hgan #d e
7t A SFARBARS olFe] w2t oFgdtA At
am F2 AA WE7)(13-58A17) 2 H2aE&oA 2 713
ZF HolE YERAT, 2 W ARE(85-94%) 3 & X
22(3.6 L/kg)= 7t} 2 7FollA] N-demethylation
o oJa thAk= o] H]g g thakika<l pyrrolidineo] A=

™, o] Ao &
A oA e 5F Zﬂﬂ HEYSE = QAL X = A &85
(20-40 mg)E] AlzFske] 45 o) dol A dAH o= F
e Fofl A& §7(50-120 mg/d)& AR & FA
gHeH18,19),
)y JEe Ej]ﬁ:

EE<E(naloxone) @] 3114 W AR oFAFAR] 2
Al (antagonist)o|t}, AFFo] & 80nr} St LAk
& B3Pt 7N BT 859 swnto] DR S0
2t} 20%9] SN AFES vehlin] B282o] At #}
& R &EA7Fe FE = (naltrexone) AHA| o] S H = F
8 YARHEC] B-naltrexol (6-B-hydroxynaltrexone)l] 2]
3l #9-=H, B-naltrexole] ¥E7|= 204|7tolt}, G EH
<o viof ek Eate] B ALAREE B SJEHo]n,
e B ) Skl 231 o0 B2

$e RIAMGIIOIE 24 B A4 o] Foke
vxlsﬂ‘: TS o] 2 e A] =TH201.
3) Frye=d

p A B2 (partial agonist) 2A] A2 g8 %7}
act, T Al ARO]8E2 15%0]1L, AdsHFo Al
55000]W, AatFo] Al F57t whE il SFAEA W2

o o] wetx HapFol7l st Thellx] thabEe] o
APHE-9] N-dealkylbuprenorphine©] A4 =™ vjd-& 5=
‘;L’ifﬂr & 3l o Folxint. b A WEast

Tl F15-45% Al YeRtar 8ARE o o] 28 A
AR ERATH21].
Aeke] a7} mie- =gl dofg A &Felxi=
5ol ekstAl Ve AL aLgfolr= 548K (posi-
9= A o] Qi) okE
ITEEE 3H9AV =

B rl

FI =23 (buprenorphine)&-

3%

il

tive reinforcement) S 734X 4=
2 g5 ek =8k Fom 2
o miAk=ol Hlaj kst (221,
4 2=Ud
Z24Yd(clonidine)& 39} dx9] a-ol=ddd 5
A ZEARA wiek, $aE, YR 5o A=Al (psy-
choactive drug)2] 5574 X500 AR&-ECE S5 Al
WA B0 R QI Ak wd, W, H-E(tremu-
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lousness), B4 # B oFa 2 dS AR BT
of A Fgo] Houh Ao 8- 0] 100%0l] 7L, oFE-o]
Ak ke 71 HiRtEo] HIZAIARES] phydrosy-
clonidine®} FEEAJARZC] 2,6-dichlorophenylgua-
nidineo] A=, UpmA] Ak tiAgS 71A]A] AL
2o et iR = 124K Aeolr] 7§QIZE Ho]
7} Ak, ZgRoe] Al 2-34131 el @7 s 27t Aol o]=m,
o] wj Farde} 285 Hare] aIE reRiH23,24],

hele BARFR 9 Fol Belo] gl BpzolER
X FA7 33 Tis s 2 3leh, Aol eRikel
(pKa 8.6)0]m, 313t Qefol] whz} 52711 2t A(hydro-
chloride; ‘snow’, ‘coke)I} F7}2] A5-97](freebase;
‘crack’, rocks) 9] T FHE WY A, 229 U, A
T4 FA T vSet AEE Fojdnt. 771 GAre 1|
R FEl = 22 0] Fhold AFE AR, =7k A}
A7l ol 2 e e SA] Slo] Fe Bl
e Al 27160 3 ool A0}
B2 AL, Holx o] W F5 HH wi

|2 dgset defe ARk 6-8% Aol

%0,

X

for 41 2o
@
i,
T
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ofy
NN
r
o,
)

gl Aol S48 I 12-16% Fof] YERd
= 3 FY Al 2-5 Foll vehdth, 32 54 Aol
= 7RI A o) Ers B sl S As E AL A
Aol 88 20-60% Lo}, YHIH O R AR Aol =
Aeto] B = Wa Feol At 9%} e
WA ohH, & el (steady-state) Ao] TEHH

Moo

1.96 L/kgolth2s]. A5 A 278 2ol 2j3tsn] ¥
Al(distribution phase)s w1 w21 A4 A w7
31-828 Az olt},

Ak 71 42g B8 dojusd I3 ol=EeiA
(esterase), 7MIEFH | ~Eg}A|(pseudocholinesterase)
2 7+ o] ~E g} (hepatic esterase) ] ©]3} ecgonine O &
ARSI IL(32-49%), 7HpEe] R 2k FHE A ol BT

(hepatic carboxyesterase) ol 2J3] benzoylecgonine &2

rir
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thAEH(35-45%), CYP3AS] ]3] norcocaine & 2 A}
HTH2.6-6.2%). A7} eAtel] vlal] ARG =7} w2 o]
= ozle] AP FHo|2~EZ A (cholinesterase) ZAIE
7} H 7] wiolt}, gk HAte AN dF Hal skl =
o= ARTo| 2L HIL FEE o 2Hg AEARE
U At} 72711 B-8A419] 50-90%+ &3-S | B85}
™, o] wjo] U1-&-2 IF THEA| | 2 EHA| tIARE ZHAAIA
ARkl benzoylecgonine o] Aol ZHAEL, trans-
esterificationd]] 2J&] thaAprHE-2l F7Felddll(cocaethy-
lene)o] AAE}, o|F7) PAJE Tt gL Tyl A
7 HBE(reuptake pump)E At 27RR1% T =
F#Heuphoria)S FAIZITE Z7tH @2 A AR
7} 3.5-5. 5/ 2 F7IRIET) A 54 2hgo] 9l
7FelZo 7] (catecholamine) S A EA (synaptic cleft)
2 HA7] 2L ol (amine) 2B HAEEH ] AFTE L3
S AAAM LM o] YEF 525 Ad3itt, =37 eu-
phoria)el] thgh Wi/do] whe] st n g a1g+Fe] s17els
A Fof S5 Sl HH, ol2gt A9 ghAl(visual

hallucination), ®g(paranoid) ¥ $-&% 53} & FA

O:

=
It} 8 T Ale SFAEA R, W, DT,
S, Qe SO A X /o] e
B

7IRE ARG Al oqrpell A -27d Bl B e
1.

9l 2h8A], =Rl DA, o} A-FAR, I A o] ARE-
Hoh26],

4, 2|

1) SHsllERR]

4
WA 2o F9, 47 % FA S OPR A2 F

o
b, AFe] Al 15-30%0 &3} Yehtr] Alztste]
=

1-1.5A130el % HaL w25 yehlaL, S Alddle @
FHal Fk = Aol o wepiint, whdetEo] wal

(20%) W71 12-36ARERIH] 7871l vla) H-g2te]
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W77 o Ao w28k bllER ] (amphetamine) ‘@84
(6.1 L/kg)e= 431(3.5-4.6 L/kg)oll vsl] EE-&20] tf
], o] RHEARE-of| k2 oF=o] 22| tigh 7o) 5
7¥ste] Uehds d/dolnt. delehil e &2e]d(pKa 9.9)
olBg AWE 2HstA7IH Ao g o] wide] SXE=
4, FAEE A 93}t F(ammonium chloride) 52
Fofeto] obze] Wil & A7 & gt SEAES oF
&0 ZGAREE 5o)7] Sl TEAtd(bicarbonate) Ak
AE AFEt s desigho 21 28RS 50)7]
T gtk @ Al SR AL A S eI E S s
EHOE A0 2 v H= S AR RE(norephedrine,
p-hydroxynorephedrine, hydroxyamphetamine) 2] &
ol vEgitt, AdGEd>e] FRE A7) B}
Fl(monoamine) AZHALEH] T8 Walgoa=n 2
= Rieoprl 1z} = 8A) RIZHYS 2 efgie27),

v 2gH e (methamphetamine)S FH|EFT 2]
N-methyl =] o|c}, A ZrpE-g-0 2 Qg SFt¢h
FAtollM TF F31L ffal ARS-H W, I HRkekAte] 2|8
EXogw ARGEHT dA] GIE] ok AlE FolA
H AlElZE 7P A, oFshs A el
H|g=5u ] A (blood-brain barrier) 527} ] £-0]
SRR FFAAE 2hgo] et S4H okag vekdch
T2 T8 SEAEN ekl Uk Ag-e iR gltk

I 2l FARIER 3,4-methylenedioxymetamphetami

19

>

ne (MDMA; Ecstacy), 3,4-methylenedioxyampheta-
mine (Eve), 2,5-dimethosy-4-methylamphetamine,
p-hydroxydimethoxy-4-methylamphetamine -] 1T},
eERlolu MDMA S Ri=opRl SAITA] A4 (mono-
amine oxidase inhibitor)?] W% (phenelzine)olyt E
ghdAbo| Z 24 (tranyleypromine) 53} £ Fo A] ok
A 2z ahgol ofs) 8k, Wi, &= (confusion), T
(coma) % 418k 73-¢- APl o] & &= lTH28l.
2) thw}

F AE-L delta-9-tetrahydrocannabinol (THC)o|H,
Y 28-S Uehl7] fsiM FAeE Fofsh= o] A
ol Eaaolc), THOE 44 8347} A4 £E84

o] ¢F 500 Lol @kt &< Al ol 0 2 A3 S5 o]
thokel 240 2 RarE=t), AlY WA HE mYekal 308
ofufjol] 3 el AkhxITt, 5-1042 o ell TFA1
AEHA 237} SO VR 7RI 3R] F<d SRl
e} o 4 Aot ohed], geAke] A9 9 58
o] &t} THCO| ¥HH7]= 19ARF Fo]aL, F thapika<l
11-hydroxy-delta-9-THC 2] 871713 50470 |t} THCES
ATFoshH F57F =eg]al 7hellA] 11-hydroxy-delta-9-
THCE Wl Yo Zdsl= THC 2 AL, 53417
A B37F veped B ARRTe] Aok 214 9 1E2
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