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Summary

Crug addicfon in humans s @ chrongally ralapsng disorder,
that impacts bath soc.ety and the ipdwvidual wevare Bolh
neLrochemical and negrophanmaceloygical sludies hawa shown
for more than a oecade. thal maost drugs of abuse acl through
mechanisms thal mneelee e mesocorlicolimbe dopaming
rewrforcement'reward systam i 1he CNS These drugs.
ircluzing simulants swch as cocaine ard ampheataming.
op ates sdch as morphine and Aeroin, and 1egal drugs such
as alcohg and micoi ne, chaege he neurochemical farction
o' aifferenl neLrolkansmitter systems in the Srain hat lead 1o
ne rondl respoasyes thal converge in the ncraase activatior
of venlratcgmental dopamine neurars, and in an elevation of
lhe exstracely ar dopannnse concentsabion n the nuclaus
Fecumbens Yertiolegmenial dopaming neurons send axcna.
projessons o -niercomecied forebrain stroctures that mediate
many of the reinlarcing, behavioral and looomctor eMects of
st degys of sbuse, suchoas 1he prefrontal conex, stradum
and nucleds socuntbens. However, ather intercanneclen
torenrdin struchyses, such as the amygda@, has bean shown
o pay a crucial role 0 the bran reward mechanizms and
malvainnal effecs produced by these drugs. Thus, most
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neyrpghemical changes and neurcadapiahiens fhat accur
during the development of drug addichicn involve cellular and
mglecular machamsms that affect both pestiderqic and nan
pephdergic neurgiransmission systems lhat impair the
neurcchemical funclior: of tha mesocariicolimbic neural
subsirate mediating 1he acwle and chronig renforoing ackicns
af mest drugs of abuse.

Kay words. Morphine, cocana, mesocoricolimb. sysiem,
dopaming, neyrgr., opiad recepiors, newral transmission,
addictian.

Resumen

La adicoon & las drogas de alwso degal se considera hay an
dia coma un trastornd AEuragstqUIBNCD que repercule am-
phamente gn @ safud del indwiduo y en el benestar de la
sociedad. Desde hace mas de dos decadas. diversas esiu-
digs de invesligacidn 2n el crmno de la neorofarmacologia y
la reurcquimica han cemostrada que 13 mayoria de las dro-
gas de abuso acluan glierando diferentes sslemas de
neurodransmision, que modifican permaneniemente las fun-
CIGNEs QUIMIcdys ¥ roolecylates de 1as neuromas que aperan
&N eslos 515temas. Sibien se ha demostrade en animales me-
delgs ge dutg-adminstracion de dragas psecadichivas, gua
&l sustralo aeuroanatomoco mphcado directamente en el im-
cig, desarrglln y pensolidacidn del fendmann adiclive para la
gfan mayoria de 1as drogas de abuso (v.q . psicoestimulames
v oalgalmdes opidcens) es el sistema dapaminérgico
mosocorticolimbico; hay ademas olrgs sislemas de neyrg-
transmision Que drmbisn parecen ser medificados funcanal-
mente durdnie &' consumo cronco v realerado de las drogas
con perfl pscpadichye vy, etanol, nicofina) coma san, el
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wisbema de lrandmison GABAdrgico (GABA), ¢l sistema
serotonmergico, €l sistemd de Wansmisitn cpieid e endagenc
y otros ssslemas de iransosdn de naturalaza peptidica. re-
cientemente descrilos, que en cenjunts modulan en fgrma -
recta o indirecla la hsirdogia neuronal dal sistema de proyec-
cign dopaminergicg masocoricclimbica. Peor ko tanlo, s Lain-
bins neurdddaptativos que ocurren a largo plaze en los dife-
rentes sistemas de neurplransmisidn que operan durame gl
desarralio y el establecimienie del fenémeno adiclivo a cual-
quier droga pswcoadictiva, representia un fenomenc neunbic-
Ihgice que eeld reflejado en su totalidad per los cambios
neurcqumicos ¥ moleculares que se gslablecen an lps siste-
mas da naarclransmisicn ¥, por ende, erlas propias neuronas
QUe gperan en e5tns ccutns newrofuncigna s,

Falabras clave: Morfina, ¢ocaing, adicabn, mesocoriics-
limbico, neuratransmision, dopaminergico, receptores
opigides, neuronas, psicoadicinggs.

Neurcchemical and neuropharmacological aspects
of the relnforcing actions of drugs of abuse

NMast drigs of abuse alter the activity of dopaminergic
neurans in the mesocanticolimbic system. This systemn
comprises a group of dopamine projecling ngurons ak
lhe venlrolegmentzl area whose axons projact to the
nuclgus acowmbens and prefrontal cortex, making
synaptic connections with local neurans in each brain
ared. Thus, addictive substances, such as marphine,
hergin, cocaine, d-amphetamines, etanol, nicotine and
tetrahydrocannabingls, change directly or indireclly the
physiological and chemical functioning of dopaming
projecling newons by changing the chemical and
malecular sltatus of this subsel of neurans (Keob et al.,
19498, Stephanski el al,, 1999; Shoaib et al, 1994
Watkins. 2t al., 1999 McBride et al,, 1833, Uker gt al,,
1999; De Vries et al, 1999; Alenso et al., 1298). These
neurcbiotogical changes induced by drugs of abuse
produce at short and long erm an over-release afl
dopamine from presynaplic terminals which reflects the
ircrease of extraceluar dopaming concentration at
synaptic fields as have been analyzed in animal modals
of chranic self adminisicabion of psychostimulants and
cpiates exposed to in viva microdialisis {Koob et af,
1998, Robbins and Evertt, 1999, Moreover, other
Aeuratransmission SysEems CoOmprising non dopamin-
ergic neurons (g.g., GABA, glutamate, serctonin
releasing nguransg) in the ventral legmenlal area.
nucleus accumbens, sirfatum. hyppecampus, and
amygdala {Ponlieri et al., 193% Kobb et al,, 193E:
Robbins and Everitt, 18293} are modifed after prolonged
exposure of addictive substances. The role of the
serolonm transmission syslemin drug reinfercement has
been highlighted by chrical findings (Koob et al., 1998}
that have shown the close relalionship existing bebween
the dependence on drug-intake and depression
(Markou. et al., 1988, Robbins and Everitl, 19959} In
this cantext, Prozac, & drug used 1o treat depression,
shares with cogaine similar pharmacological and
malecular mechanisms of drug-cell inleracticn. such as
its kigh affinity o serolonin grotein transporer (Robbins
angd Everitt, 1999). Although neurscherrical studies have
demonstrated that chemical and functicnal interactions
between serotonin and dopamine transmission systems
arg mutually intabitory {Robbins and Everitt, 1999}

several pharmacolegical and genstic studies provide
evidence thatl such functional correlation belween
serotonin and dopamine transmission syslems does not
always seem tg gel, Forinstance, lransgenic mice lacking
the 5-HT.g serctonin receptor will increase sell adminis-
tration of cocaine when compared {0 nan Fansgenic can-
trel mice expressing this serctoninergic recaptor sublype
under the same experimental condiuons.

Sirmilar to other drugs of abuse, sedatwve-hypnaotics,
including alcohol, produce their reinforcing actions by
medifying mulliple neurciransmitter syslems besides Ihe
dopaminergic neural system {Engel et al., 1992), mainly.
the neural sile proposed to be affected by these
substances and by elhanol is the GABA transmission
system {Samsen and Harris, 1992). These studies have
been supported by pharmacological reparts that
demanstrate that administration of selective agonists
far GABA-A and GABA-B receptors {e.g., THIP and
baclofen), the development of sensitization to locomeo-
tar stimulant effects of ethanol in DEA/Z) mice slrain is
prevented (Eroadbent and Haness, 1559) Although
these agonists biock the acule slimulanl response to
gthanot in animals exposed to self-administration of
ethanol (Broadbent and Harless, 1999), baclelen, but
nat THIF {administrated previously 1o ethanal)
gttenuates the sensitization efects of chronic ethanol
consumption, These sets of resulls suppaorl the
hypathesis that the GABA transmission system is
gffecled by ethanol throughout the aclivalion of both
GABA-A and GABA-B receptor subtypes. emphasizing
that activation of the GABA-B receptor sublype may re-
duce more efficiently the development of the sensitiza-
tipn to the locomator stimulant effects of ethanol
(Broadbent and Harless, 1333). Furthermore, neuroche-
mical studies have shown that the GABA transmission
system, under basal condiliens, tenically inhibits the
aclivity of the ventral tegpmental dopamine Wansmission
systern {Koob et al.| 1898). This functicnal inferaction
bhehween the GABA and the doparmneg lransmission
systemns has been supporied by pharmacolpgical
ohservations showing thal systemic ijection ar acute
consumplion of ethanal reduces Lthe Odng rale of pars
reficutata GABA neurans, reducing the inhibitory effect
af these neurons on the ventral tegmental dopamine
neurans. This drug-induced effecl results inan increase
af extracellular daparming concentralion in Ihe nucleus
accumbens (Diana et al., 1993, Merue and Guessa,
14985} as abserved in rats chronically consuming low
doses of ethanol (Kaob et al., 1994b). Mareowar, the
rale of the mesclimmic dopaming transmission for
ethanal reinforcement has been supported by pharma-
eolcgical studies that demansirated that non dependant
animals redurce lever pressing for ethanol consumption
after migroinjection of potenl depaming receplar
antagonists inte the amygdala or nucleus accumbens
{e.q.. Dy or D, blocking agents} (Hytlia and Koob. 1995,
Kook et al., 1884b) Although this set of observalions
makes quite evident that wTA-NAC dopamine transmis-
sion system make an impordant conlnhulion 1o the
reinfarcing actions of ethanol. 1he complele destruction
of this neural circuit with B-hydroxydopamineg doss not
alter animal response far elhanol consumplion {Koob
et al., 1994b), Therefore, the nucieus acoumbens
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dopamine transmissian system does not seem (o
panicipate as an essenlial nevroanatomical substrate
as it does for other drugs of abuse (8.g.. cocaine.
merphine and hargin) in ethanal reinfarcement [Koob
gl al., 1994b; Hyttia and Kook, 19853 In addition,
supporiing the GABA transmission syslem an the
reinforcing actions af ethanol, neurschemical reports
have provided evidenges that microinjectian of
benzodiazepines inte the brain (e.g.. RO-15-4513,
inverse agonisl} reverses some of Ihe behavioral efects
of ethanal, reducing oral ethancl self-administration in
rats in 8 doese-dependent manner [(Samson and Harris,
1992). In addilion. pharmacalagical maniputations that
change the brain serstonin synaptic availability in
subcortical areas of the mammal's brain [e.g., rat} re-
duce ethanol consumption {Sellers el al., 19%2) sinca
serotonin reuplake blackers as well as selective
antagonisis of the serotenin-3 and seralenin-2C
receptors induce a degrement in ethanol consumptian
in animals exposed to drug sell administration
paradigms. This =el of resulls shows that the complexity
of neurochemical interactions of several neursiransmis-
510N systems does lake place in the reinforcing actions
of ethancl as demonstraled i sergtonin, GABA and
dopamineg neuratransmission systems (Lebdarquand, et
al.. 1994},

Sao far, it seems clear from pharmacological and
neyrachemical reparts that the mesocorticotimbic
dopaming fransmissian systemn dees nat exclusively
contributes to the reinforcing actions of ethanol as wall
as of gther neurotransmission syslems that might be
direcily or indirectly altared by drugs of abuse [Koob et
al., 1994, 1995}, For inslance, two well documented
neurciransmission systems thal indireclly participate in
the reinforcing actions of cocaine and cpiates. are the
endogenous dynarphin and enkephalin opioid systermns
{Kaob et al., 1998; Cappendijk et al.. 1892:; Comings et
al., 1993) Meurochemical studies have shown that
neurans that synthesize and release dynorphyn A,
dynarphin B. Metl-enkephalin and Leu-enkephalin and
substance P peplides are aclivated in the caudal
strigluntand septal areas of the ralbrain during chronic
administration of cocaine (Hyman el al, 1996) or in
heroin Ireated animals {Sappendijk &l al, 1999)
Likewise. neurans that synthesize and express 1he
antiopioid peplide, MPFF, are similarly aclivated after
chronic administration of morphine and harein (Malin
etal., 1990: Lake et al.. 1992). Moreover, neurachamical
sludies have reporied thal nedropeplides that modulate
the nociceptive transmission in the CHNS of mammals,
reguiale the mesocorticelimbic doparmine Iransmission
in the nuclews accumbens and decrease 1he activity of
ventral-tegmental dopamine neurcns in animals
ehallenged 1o cacaing admimstration, who subsequently
develop hyperlocometion effects induced by the
reinforcing actions of cocaine (Murphy and Maidmeant,
1999a; Murphy et al., 1998; Narayanan and Maidment,
1999¢). Based on dual-probe microdialysis experimen-
tal designs on anesthelized rals, it has baen shown that
the endogenous ligand for the ORL-1 {opioid receplor-
like} receptor, the heptadecapeptide Qrphanin FOY
mocicephn [OFQINOC)Y reduces nucfeus accumbens
dialyzate dopaming levels when injectad into the
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ventrotegmental area (VTA} Simallaneous measurem-
antz of dialysate amina acid conkant showed that this
neurppeplide induces a significant increase of GABA
and glutamate in the nucicus aceumbets during infusian
of the neuropeptide inlo the ¥Ta (Murphy and Maidment,
1959a). On this basis, infusion of GABA-A receptar
antagonists, such as bicuculline. ransiently blogked the
suppressive action of Qrphanin FO on the accymbans
dopamine levels. This set of results provides new
insights that nociceptin inhibils the dopamine neuronal
activity in the ventral tegmental area, reducing the
dopaming Iransmission system in the nuclels acclm-
pens through a mechanisms that may involve an
inducad overflow of GABA (Murphy and Maidmenl,
1998a). Furthgrmore, when OFQ/NOC is bilaleral
administered into the VTA priar to the challenge of
repealed cocaine self-adminisiralion in male rats (3-10
min], @ fransienl decrease of the hyperlgcomokor
response to cocaing {15-30 min} is observed on the first
trial of cocaine administration. However, repeated intra-
VTA administration of 1he OFQVNOC neuropeptide, 3
days before animals are challenged to cocane
administration trials, a sensitized response is obtained
to mingle doses of cocaine given subsequently for 5-7
days later. These siudies provide evidence Lhat
Orphanin FC produce a shorl-term decrease in the
activity of ventral tegrnenial dopamine neurcens, indusing
a rapid tolerance and inadeguate megchanisms that
prevent the development of cocaine sensilization
(Marayanan and Maidment, 1983}, Similar resulls have
been obtained after intracerebroventricular (1G]
administration of this neurepeptide in rodents during
conditionad place aversion or preference paradigms
induged by subcutanecus administration af morphine.
These sludies provide information that Qrphanin FO
significanlly reduces the development ol place
preference to morphing in animals exposad ta chronic
administration af maorphine {(Narayanan and Maidmen,
1889

Other neurobialogical aszpects of drug addiction
include the reuroendacrine studies that have been
undertaken to investigate the hormonal and behavieral
responses to physical and chemical slressors that ocour
during drug dependance and wilhdrawal. The activation
of the hypothalamus-pituitary-adrenal axs has been
recognized for long as the main neurosecretory system
modulating several aspects of drug dependence and
withdrawal in humans (Kreek, 1987, This neuroenda-
crine system is characierized by its ability to secrete
peplide hormanes in response to physiclagic and
chemical stressors modulaling mary of the bahavigral
and phy=wclogical responses related to stress-inducing
faclars, anxiety and pain in mammals. Animal models
exposed to cocaing, nicatine and ethanol self-adminis-
tratinn paradigms show important anxisgenic-like
responses after cessation of chronic adminisiration of
drugs, thal are reverted following intra-cerebro-
ventricular of CRF {corticotrophin-releasing-factor)
antagonist (Kooh el al, 1988). Thus, anxioganic-like
effects induced by ethanol withdrawal would enhance
the physiological release of CRF-ACTH/S-endorphin and
stress relaled substances from adrenal gland that are
rcversed by administration of low doses of CRF



antaganist inta the central nucleus of the amygdala
{Koob, 1946). Similar results have been obtaned by
micrainjecting similar doses of the same anlagonist Ihat
reverses the aversive effects of morphing withdrawal in
ammal models of opiate selt-administration (Koob.
19951, In addition. neurschemical observatigns obtained
by it vive microdialysis studies have shown thal ethanol,
covaine and THC {tetrahydrocannabinolt administralian
induce:s an increase in the extraceliular CRF during drug
withdrawal (Merlo-Frch et al.. 19857 Rodriguez de
Fanseca et al,, 1297}, Therefore, CRF activation may
represent one of the many commen newrophysialogical
rechamsms that might contnbule to the motivational
effects and subjechve symplams (e.q., increased stress
and negative afect] that characterizes the developmeant
and establishrment of drug dependcnce (Kooh, 1998,

Besides the chemical changes that ooour in the opicid
and non apioid peplide ransmission systems during
drug addiclion in the CNS of mammals and humans, a
new puiative peptide transmissicn system has been
recently discovered that encompasses functional roles
in SENS0ry processing, brain development. stress, drug
reinforcement and reward This poplide transmission
system, relerred to as CART transmission system
[cocaing and amphetamine regulated ranscripts)
(Kukar and Dall Wechia, 1989) has baen defined an the
nurcchemical hasis that tha mREMA transcript products
genarate ngw neuronal and extra newranal paplides that
modulate physiglogical processes. such as feeding
behavior. stress and development of drug addiction.
These poptides are highly abundant in specific cell
graups in subcorlical areas of the mammal's brain,
including the human, as e siu hybridization studies have
revealed for the CART mRMA sublocalization in discrete
areas of the rodent and hurman brain (Gautvik et al.,
1998, Far example, CART mRNA localization acours
in same ganglion calls in the retina, mitral cells in the
ollactary bulk, which suggest thal protein products of
CART mREMNA may be involved in the regulation of
sensary procassimng (Kuhar and Dall Vechia, 19%9%). More
interesting is the Fact that CART mRBNA are highly
abundant in specific nuciei of the rat hypathalamus
iDaouglass ctal.. 1995), supparting he intial bochemical
studies regarding the identification and isclatian of CART
peplide fragments [e.g., a shart fragment consisting of
V16 armino aads and a lang fragment conmisting of 129
aming acids) fram sheep hypothalamus (Spess el al.,
1981y Mporegver. immunohistochemical studics
revealed \hat CART peptides arg highly expressed in
the paraventiricular, arcuale nuclei and median
eminance o the hypathalamus, as well as in the postc-
ricr and anterior lohe of the pruitary, including adrenal
medulla: structures known to comain the CART mENA
{Douglass ¢t al.. 1985 Couceyro et al.. 15897). The
demeonstration thal these peptides occur in the
hypothalamic-pituitary-adrenal axis supparts their
physiological role as neurchormoenes contralling several
paramelers of siress induced by emational and
pliysiclogical factars, including the anxiogenic-stales
induced by acule suppression of drug intake (Kuhar and
Dall Vechia, 1999). Besides the modulatary actions of
these peplides in controlling feeding behavicr, and thewr
putative role as reurctrophuc factors, these peptides

have been shown lo increase the expression of nuclei
lranscript factors (o.g., FOS protein) in neurans
seqregated to specific hypathalamic nuclei (Vrang et
al.. 19893% and to exert amphataming and cocaine like
affects i the ral nuclers accumbens (Grace of al.,
149498)

Besides Ihe neurpchamical indings that several
ncurapeptides regulate different states of drug addiction
including 1the POMC [Proopiomelanaconin protein pre-
cursor derived pepide hormenes (e.g., fFendorphin and
ACTH)Y that regulate anxiogemig-hke responses and
siressful conditions (Ebas v ool . 18998}, olher neuronal
release substancos, localized in several areas of 1he
mammal's brain, have been impelicated in drug
reinforcement and reward and have strenglhenesd the
hypathess Ihat neuralransmission systems hosides the
mesocaricolimbie dopaming lransmission syslem are
madified by chranic administration of drugs of abuse.
Thest neurctransmission systems as descnbe above,
inclde the gabaergic transmission sysiem in the
nucteds acclmbens, whose neurans receive imporlant
dopaminergic inputs fram tha ventral-tegmental area,
and the focus coerweus. the majer noradrancrgic
transmission systemin the brain, Iocated on the floor of
the fourth ventricle in the anterior pons. This small group
of neurons provided a widesproad novadrenargic
innervation to virtwally all areas of the brain and spinal
cord implicated in majer functions such as the animal’s
state of arcusal (2.9 . atlention. wigilance and autonomic
toned as well as regulation of different stress conditioning
silyations (Mestler el al., 1996 Koylu ¥ col.. 1999). This
area af the brain has been implicated i somatic opiate
wilhdrawal behaviars as confirm by several pharma-
cological and electrophysiological evidencas showing
that this group of cells increass their intrinsic firing dunng
opiale withdrawal (Maestier, 1292; Mestler el al., 1993
Mester, 1995, 1997; Kaab et al., 1992, 1038).

Meveriheless, most naurochemical changes that
QCCUr in several neurolransmigsion syslems during drug
addiction have been shown o slruclure a cammon
neural circuitry lermed as the gxternded amygdala
{Alheid and Heimer, 1988, Heimer and Alheid, 1381;
Koob, 1928 a), This ncuraanatomical substrate conlaing
specific compeonent where neurochemical events and
neuropharmacological actians mediate the acuta
reinfarcing aclions of mast drugs of abusa as well as
the negative remmforcement of compulsive drug
admirsstration associated with drug dependence (Koob
gt al., 1988; Koob, 199%a: Kook, 19990). This neural
substrale is composed by separate enlitias of basal
farebrain struciure, such as the bed nucleus of the siria
terminal’s, the central raedial amygdala, the pasterior
medial parl of the nucleus accumhbans {c.g.. poslerior
shell] and the sublenticular substantia irnemingla.
&lthough these neural argas share common cytoar-
chitectural fealures, histochamical and marphologicat
simijlarities (Heimer and Alheid, 1991; Koob et al., 1998,
koob, 19890 they recewve afferent connection fram
hmbic structures such as the basolaleral amygdala.
hyppocampus and bmbic cortices, midbrain and lateral
hypathalamus. The efferent projectians coming aut from
this neural complex include the ventral pafidum, medial
vantral tegmental area, bramn slem and lateral
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hypolhalamus (Koab, 1899 ). Margover. | has been
documented that the lateral and medial divisions of the
sgplal area are imphcated in spatial learning processes
during self agminisiralion of morphine in mice {Cazala
et al., 1998). Tharefore, the extended amygdala may
be considered as a macrostructure that tunctionally
rhes an specilic neural circuits that interconnect specific
brain areas interfacing glassical limbic structures involved
in the emotional and motivational aspedts of drug reinforce-
ment and reward with 1he extrapyramidal molar system
that regulales maost of the behavioral and |locomoicr
effects of acute angd chrontg drug addiction (Koob et al.,
1398, Koob, 1999 a).

In support of the role of the brain areas that infegrate
the extended amygdala. pharmacological evidences
hawve shown that acube admimestration of major drugs of
abuse, including cacainerhersin combinations (Spped-
hallyin rals, induces an importantincrease or synergistic
elevalions ot extracelular dopamine concentrations in
the shell of the nuclews acoumitens {Hemby el al, 1829;
Fonmtier at al.. 1885). Moreower, the shell of the nucleus
accumbens has been shown to be particularly sensitive
to the cocaine antaganist acting an the 01 daparmine
recepter subtype (Caing el al., 1995), and lhe
venlromedial shell of this brain area has been shown {0
express high level of the dopamine D3 receptor subtypa
mRNA (Diaz at al., 1995), which has been targeted in
new pharmacological treatments to ameliorale Lhe
reinfarcing properties of cocaine (.., cocaing craving)
(Caine el al., 199¥) In such context, the development
of new selective drugs acling as a partial dopamine
agonists (e.g., BP-897) atthe D3 receplor subitype, has
demenstrated 1o be useful in reducing self administratian
of cocaine and drug reinforcement (Pilla et al., 1999,
Aston-Jones and Druhan, 1993}, While most dopamine
agonists activate saveral dopamine receptar sublypes
in a non selective manner, this drug acts preferentially
in 03 recaptors showing a high affinity but low intrinsic

activity on this receptar subtype (Filla et al.. 1888). Sa,
at low dopamine aclivily, as seen during cacame
wilhdrawal, this drug slimulates D3 receplor, and
canversely, at high depamine activity, anlagonizes the
enhanced dopamine respanses that ooour duning
chronic vocaine addiction (Aston-Jones and Druhan,
19499). Parallel to theze pharmacclogical observations,
similar experiments have demanslraled that the cen-
fral nucleus of the amygdala has a rele in ethangl
reinforcerment. Administration of ABA antagonists or
opinid peptide antagonists into the central nucleus of
the amygdala can attenuate self-administraticn of oral
ethanal {Hytlia and Koob, 19925}, |n addilian, similar ex-
perimental cheervations have shown that microinjection
af GABRA agonists inte the central nucleus ol the
amygdala decraased self-administration of ethanal in
animals dependent of the same subsiance (Roberts et
al,, 1395y, This dala presumptuously proposes thal the
GABAergic syslem may be funchonally altered to
respond more efficiently W0 agonisls during development
of drug dependence (Koob et al., 1998). Therefore, the
exlended amygdala may be animportant substrate res-
pansable for The neurochemical changes thal ocour in
the brain reward system in assaciation with drug
dependence [Koob et al., 19898). However, it may be
speculated thal besdes the experimental observalions
that have demonstrated the neurochemical changes in
specific neural circwits during drug addiclion, olher
naurgchemical systems also may be engaged within the
neuracircuilry of the gutended amygdala in order to
avercome the chronic presence of perfurbing drugs in
the extracellular space, and to restore the normal
function of the implicaled newural circuitry affected by
the presence of psychoactive drugs (Koob and Bloam,
19E8). This hypothesis has been suppoarted by
pharmacological observations shaowing that neursche-
mical changes in the CRF peptidargic transmigsion
pathway coour in drug-dependent animals during acute

TABLE 1
Meurganalamical and naurachamlical substrates por the reinfercing aclions of drugs of abuse
Drugs of abusy Neurolransmission syslams Brain aregs Ragaptors
Cocane ang Doparmina Mucleus accumbens D1, 02, B3
anphetanines Serglonin Armygdala SHT-1E
OFNOC 7 Mucleus accumbans ORL-1
WTA
Cpiate s Dopaming WTA 01, 02
Morphineg ard hardn GABA, Muckeus accumbens GABA-A GARA-B
Dpigid pepldes Muclaus accumbens MU opiod receplor
OFNOC 7 Buckeus accumbens GRL-1
WA,
Micoline Cropamine WTA 01, 02
Opicid paptides? Mucleus accumbens kU Crpicid receplor
Etanupl Cropamine YTA D1, D2
; Dpicid pephdes Muclaus accumbans ML opioid receptar
Sarotonin Amygdala JMT-3, SHT-2c
GABA Amygdala, pars reticulala GABA-A GABA-B
Glutamate NMDA
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drug withdrawal (Koch el al., 1834a, 1394b). Thus,
neurcnal secretion of CRF in the hypothalamus and in
the extrahypothalamic areas of the brain (2.g , central
rucleus of the armygdala. parabrachial area, bed nucleus
of he stria terminal's, focus coeruleus. alfactory bulb)
may mediate many of the neurcchamical and hahaviaral
aspects of stress associaled wilh drug abstinence
{Koob. 1989 b),
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