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AB5TRAcr

A wealth of data supports the hypothesis that the

neurotransmitter serotonin regulates the intake of ethanol, and is

involved in the development of alcoholism in humans. Reduced

functioning of the serotonergic system hypothetically increases alcohol

intake in both animais and humans. In this thesis, it was proposed that

the effect of lowered serotonergic function on alcohol intake is

mediated by an inaease in disinhibition. The hypothesis that lowered

serotonin inaeases disinhibition was tested in separate groups of

individuals at high risk for the development of psychopathology:

nonalcoholic young men with a strong family history of patemal

alcoholism, and adolescent men with previous histories of physically

aggressive behavior. Lowered serotonergic synthesis (and thus

presumably function) was experimentally induced through a transient

dietary reduction in the availability of the amine add precursor of

serotonin, tryptophane Disinhibition was quantified using a go/no-go

task previously shown to characterize psychopaths and children with

attention defidt hyperactivity disorder as disinhibited. In the first

study, acute tryptophan depletion had noeffect on aggressive

responding on a modified competitive reaction time aggression task,

but increased disinhibition in young men at risk for alcoholism. This

effect was independent of the tryptophan depletion-induced mood

alterations. The effect tryptophan depletion on disinhibition was not

replicated in the second study with previously aggressive adolescent

men. A number of explanations for this were posited, including the

presence of a ceiling effect. An association between disinhibition and

executive functioning (cognitive abilities associated with proper

functioning of the prefrontal cortex, such as working memory,
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planning abilities) was demonstrated in the second study. In a third

preliminary study, no association between disinhibition on the go/no­

go task and allelie polymorphisms of the dopamine D4 reœptor gene

was noted. This runs contrary to reœnt population studies suggesting

that a specifie polymorphism of the dopamine D4 reœptor gene is

associated with nove1ty seeking (of which impulsivity is putatively a

component). Overall, the results suggest that lowering serotonergic

function inaeases disinhibition in young men at risk for alcoholism, a

subgroup of individuals that may possess a susceptibility to the effects

of acute tryptophan depletion. These individuals may demonstrate

aIterations in central serotonergic function that may he related to the

increased risk for the future development of alcoholism noted in this

group. The resu1ts also eonfirm the predicted association between poor

executive functioning and disinhibition.
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RÉSUMÉ

Plusieurs études supportent l'hypothèse selon laquelle la sérotonine,

un neurotransmetteur, régularise la consommation d'alcool et est

impliquée dans le développement de l'alcoolisme chez les humains.

Une fonction de la sérotonine réduite contribuerait l cette

augmentation chez les humains et les animaux. Cette thèse propose

que l'effet de la réduction des fonctions de la sérotonine sur la

consommation d'alcool est modulée par une réduction de l'inhibition.

L'hypothèse selon laquelle la réduction de la sérotonine réduit

l'inhibition fut vérifiée chez des groupes séparés d'individus l risque

pour le développement de psychopathologie: de jeunes hommes non­

alcooliques avec une densité familiale d'alcoolisme paternel élevée, et

de jeunes hommes avec un historique d'agression physique. La

méthode d'induction expérimentale d'une réduction de la synthèse de

la sérotonine (présumément de sa fonction) fut appliquée par l'apport

d'une diète transitoire de la disponibilité de l'acide aminé précurseur

de la sérotonine, le tryptophane. La réduction de l'inhibition fut

évaluée avec l'utilisation d'une tâche go/no-go validée chez des

psychopathes et des enfants souffrant de trouble de l'attention et

hyperactivité. Dans la première étude la réduction aigue du

tryptophane n'a pas eu d'effet sur les réponses agressives lors d'une

tâche compétitive de temps de réaction modifiée, mais a contribué à

réduire l'inhibition chez de jeunes hommes l risque pour le

développement de l'alcoolisme. Cet effet fut indépendant de

changements d'humeurs induits par la réduction du tryptophane. Cet

effet de la réduction du tryptophane ne fut pas reproduit dans la

seconde étude chez les jeunes hommes ayant un historique d'agression

physique. Plusieurs explications furent proposées afin d'expliquer ces
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résultats, incluant la présence d'un effet de plafonnement. Une

association entre la réduction de l'inhibition et le fonctionnement

exécutif Oes habiletés cognitives associées avec le fonctionnement

normal du cortex frontal, telles la mémoire de travail et les habiletés de

planification) fut démontrée dans la seconde étude.. Dans une

troisième étude préliminaire, aucune association entre la réduction de

l'inhibition sur la tâche du go/no-go et un polymorphisme alIélique du

gène du récepteur D4 de la dopamine n'a été notée. Cela va à

l'encontre d'études récentes de la population et qui suggèrent qu'un

polymorphisme spécifique du récepteur D4 de la dopamine soit associé

avec la recherche de la nouveauté (dont l'impulsivité serait une

composante). Dans leur ensemble, les résultats suggèrent que la

réduction de la fonction de la sérotonine réduit l'inhibition chez les

jeunes hommes à risque pour l'alcoolisme, un -sous groupe d'individus

qui pourraient être sensibles aux effets de la réduction aigue du

tryptophane. Ces indi~dus pouraient démontrer des altérations des

fonctions de la sérotonine centrale qui serait être reliée à

l'augmentation du risque de développement de l'alcoolisme. Les

résultats confirment également l'association prévue entre les pauvres

fonctions exécutives et l'inhibition..
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OVERVIEW

This dissertation is conœmed with the role of the

neurotransmitter serotonin in alcohol abuse1dependence and

impulsivity. In the introduction, data attesting to the scope of alcohol

abuse and dependenœ will be presented. This is followed by a

discussion of the rationale for focusing on the role of the serotonin in

alcoholism. Next, the relationship between serotonin and alcohol

intake and alcoholism is thoroughly reviewed, ultimate1y

hypothesizing that the link between serotonin and excessive alcohol

intake may be partly mediated by behavioral disinhibition. A brief

review of the genetics of alcoholism introduœs the concept of a highly

heritable, male-limited subtype of alcoholism, and the notion that a

defidt in serotonin funetion may be one charaeteristic that is

genetically transmitted, leading to a propensity toward behavioral

disinhibition. Next, empirical investigations of impulsivity in alcohol

dependent individuals and those at high risk for developing alcohol

abuse!dependenœ, as well as the relationship between serotonin and

disinhibited behavior, induding impulsivity and aggression, are

presented. The acute tryptophan depletion method of hypothetically

lowering brain serotonergic functioning is explained, and studies using

this technique are examined. Finally, a brief review of the

measurement of behavioral impulsivity in humans is presented.

The introduction leads into the first of two experimental studies

using the acute tryptophan depletion technique ta investigate the role

of serotonin in passive avoidance leaming (disinhibition) in young

men with a multigenerational famlly history of patemal alcoholism.

This is followed by a bridge section discussing the role of executive

functions in aggression and disinhibited behavior. The second study
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similarly employs the acute tryptophan depletion technique to

investigate disinhibition in male adolescents with past histories of

aggressive, disruptive behavior. The thesis condudes with a general

discussion. The appendix contains a third study investigating the

association between polymorphisms of the dopamine D4 receptor gene

and disinhibition.

xxii
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INTRODUcnON

Alcohol Abuse and Dependenœ: Scope of the Problem

In a recent community study (Kessler et al., 1994), the lifetime

prevalences of DSM-m-R (Diagnostic and Statistical Manual of Mental

Disorders, third edition, revised) (Ameriean Psychiatrie Association,

1987) aleohol abuse and dependenœ in the United States population

were estimated at 9 and 14%, respectively; the prevalenœs of these two

diagnoses in the previous 12 months were 2.5 and 7%, respectively.

Thus in the V.S. alone, up to 40 million people are afflicted with these

disorders at sorne time in their lives. In Canada, yearly alcohol-related

costs have been estimated at five billions dollars (Eliany, 1989); in the

U.S., annual estimates range from 100 to 150 billion dollars, resulting

in over forty thousand deaths CRiee, 1993). Excessive alcohol

eonsumption detrimentally affects numerous physiologieal systems,

increasing the risk for a number of potentially life-threatening diseases

(Dufour & FeCases, 1993). In short, alcohol dependenee is a major

public health problem.

The Neurochemistry of Aleoholism: Serotonin

Given the scope of the problem, much research has focused on

identifying possible etiologieal factors eontributing to the development

of alcoholism1 • Biochemieal factors contributing to alcoholism have

received extensive attention. A number of neurotransmitters have

'The term "alcoholism" is intended to be synonymous with the
DSM-IV (American Psychiatrie Association, 1994) concept of alcohol
dependenee, describing a cluster of physiological (tolerance,
withdrawal) and psychological (compulsive drug-taking) symptoms
arising from chronic intake of high levels of alcohol. The two terms
will be used interchangeably henceforth.
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been implicated in the control of alcohol intake and the deve10pment

and maintenance of alcohoI dependence (Nevo & Hamon, 1995). The

mesolimbic dopaminergic pathway from the ventral tegmental area to

the nucleus accumbens has been implicated in the rewarding

properties of drugs of abuse, including ethanol. (Samson & Hodge,

1993). Endogenous opioid peptides may also play a role in the

rewarding aspects of alcohol drinking (Herz, 1997). Gamma­

aminobutyric acid (GABA) and glutamate may modulate dopaminergic

funetioning along brain reward pathways ( Diana, Rossetti, tk Gessa,

1993; Phillips &c Shen, 1996), and may mediate sorne of the behavioral

effects of alcohol (anxiolysis, sedation, hypnosis) (Luddens &k Korpi,

1995; Sherif, Tawati, Ahmed, & Sharif, 1997). Norepinephrine (NE) and

acetylcholine also appear to contribute to the neurobiology of alcohol

use (Nevo &k Hamon, 1995).

A large literature has investigated the role of the idoleamine

serotonin (5-HT) in the neurobiology of alcohol drinking, abuse and

dependence. Why serotonin? This neurotransmitter is known to have

diffuse projections throughout the brain, raising the hypothesis that it

may modulate the funetioning of other neurotransmitter systems and

affect behavior at a basic level. Most serotonergic neurons are

contained in the nine cell groups of the midbrain raphe nuclei, but the

activity of two of these, the dorsal and median raphe nuc1ei (ORN and

MRN, respectively), constitute 80% of forebrain 5-HT (Azmitia, 1978).

80th the DRN and MRN project widely to various subcortical and

cortical regions, including the basal ganglia, amygdala, nucleus

accumbens, dngulate cortex, septum, thalamus, hypothalamus,

hippocampus, and the tempoparietal and frontal cerebral cortiees

(Azmitia, 1978; Azmitia & Gannon, 1986; OHeam &t Molliver, 1984).

Contributing to the idea that serotonin may play a modulatory

2
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role in the brain is the fact that sero1onin has been implicated in the

neurobiology of a number of psychopathological disorders. Serotonin

has been related to anxiety (Graeff, Guimaraes, De Andrade, & Deakin,

1996), obsessions and compulsions (Dolberg, Iancu, Sasson, & Zohar,

1996), major depression (Meltzer, 1990), drug abuse and dependence

(Buydens-Branchey, Branchey, Fergeson, Hudson, & McKemin, 1997b),

bulimia (Brewerton, 1995), conduct disorder (Hughes, Petty, Sheikha, &

Kramer, 1996), and antisocial personality disorder (Virkkunen,

Rawlings, et al., 1994). This suggests that serotonin may be regulating

basic mechanisms common across psychopathological conditions.

Alcohol abuse and dependence tend to co-occur with, or are preœded

by (in the case of conduct disorder and attention defidt hyperactivity

disorder (Pihl, Peterson, & Finn, 1990» many of these disorders (Kessler

et al., 1997; Ross, Glaser, & Germanson, 1988).

As weil, serotonin is known to be involved in the regulation of

ingestive behavior, such as food intake (Blundell, 1984; Blundell,

Lawton, & Halford, 1995). Serotonin neurons project into and through

the hypothalamus (Azmitia, 1978; Mize & Homer, 1989; Parent,

Descarries, & Beaudet, 1981), a brain region known to he involved in

food intake and body weight regulation. As we1l, serotonergic neurons

are found in the gut (Gershon & Dreyfus, 1971); changes in

gastrointestinal functioning might be expected 10 influence ingestive

behavior. That serotonin contributes to the modulation of ingestive

behavior suggests that it may he involved in alcohol intake and

alcoholism.

What follows is a comprehensive review of the relationship between

serotonin and alcohol intake and alcoholism in animal and clinical

studies.

3
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Il REVIEW ARTICLE

Serotonin and Alcohol Intake, Abuse, and Dependence:
Clinical Evidence

David LeMarquand. RobertO. PihL andChawldBenkelfat
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Introduction

Severa! neurouansmiaers (DOiepiœ,N;,c cIapamiDe. se­
rotonin. 'Y-aminobutyric acid [GABAD bave beCIl impü­
caœd in the etiology ofalcoboüsm (TaIIUoffaDd Hoffman
1991). This review <pans ODe amitwa) lacuscs GDscrcxoain
CS-hydroxyttyptamiDe. S-RT). bdlleeœuoas.

FUst. abnormal bebaYion u'OCi-dwidI orperilaps clue
te a seromnergic dysfuncdoa ale aflDplItoftbe comarIrid
cfiDica1 pie:ture ofa1cobol abuse.. 'i rIeIq SeroroaiD
bas beeD implicaœd ÏIl obsasiaas _G"IpIlsïoas (IDse1 et
al 1990); aDXiety (CJmley et al~ depiessed moocl
CMeltz.er 1990);aaatbe oDSeloftnljejrbiDps<TIIIXIIOIlCl
al 199O).1bese bebaYÏors ea-a IP ..... a djlposis of
alcobol dr:pendence \Vithamp fie Y' i (Ross Ilal 1981).
Serotonïn bas aIso beeD implicaledia_ COIdI'Ol of impul-

Fn:adla
C

$ _0''') t '. (DLJlOIIt:.._a $ al", p' ,
(ROP.CBl.McGiIlUai....,........~c:o-&

Addn:s~,.....L O. PUlL D $ "Il ; , D. McGIl u.....
SIZJ.l20:5 Dr. PeldilldA...~QuM&C'.AMDAIDA .a••

bccnedN~I2.1992:"""D ' ......
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sive. agmssiw& Md suicidal bebaviCH'. For eumple.lower
leYeIs of cadM.pinai ftuid (CSr) S-bydroxyiDdoleaœtic
Idd (S-HIAAl." primary mcaboüœ ofS-HI". bave beeD
teporœd iD diIiI:al smdia ofagression (Insel et 311990).
suicide (Mala.al 1990; Roy etal 199Ob). and impuIsivity
(LiDDoila et al 1913). Agressive imp"sjve. aDd suicidal
bebaYÏocaIIo"ao co-a CCUI widl akobol use md depeft­
cIaK:e (Roy.8(1917).

SecoDcL v 5 ..... iaIake ofalcobol (edJaDol) or alcohol
pae{aeacebilallDbeeIlsuaeaM10 bedirecdy alfecœdby
die staII1S of. • AM ... DeiiiUllusnrissjoa. ID die seroto-

. aiD bypoet . fllllcabalism a bypadaized biacheDdcal
lIIaanDalitJ ÎI. dClny Cl smirœd wbich. wbm ex-
prelsect il a lniIl de6cit ÜlS-Kr. Such a deficit is
dIal1ID ,.niaI1y IUII c lStbJe foctunIÏDI GD ab>
bDl seeti=I? 7 ad iIM:Ia.siDI die wlnentrilily to
aaielyaad...adilordasasweB. ilDpalsiwJagRSSive
bebaYian. n. __ dia aeuroc....ical fuDcDOIIÎIII is
UIIIder ICIIIIÏC a.rol bas œcciwd cmpirical SUppocL For
aample M ' _Anxa(l918)fouaddllltbeimracJass
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correlationofthe maxima' velocily (V-lofS-RT lIpIIIœ iD
blood plaœlets of mollOZYlOIic twins WU sipificamly
greaœr thaD that of cüzy.- twÎDS ad pain of....
volunteers. Alcoholism is al least panly UDder' &G*ÏC COll­

trol. as twin (Hrubec aacl 0 ... 1981: PicJœns elal 1991;
Kendler et al 1992). family (reviewecl iD COUOD 19'79) lIId
adoption <Goodwin et al 1973. 1974: Cadorel el al 1910;
Bohman et al 1981) slUdies baYe sbown. A1dJoa1b dIese
studies have been ailicized œ med1odological pauIIds
(Lester 1988: Seades 1988). odIer l'C'iews (Muaay et al
1983: Littre1l 1988) bave mncbKled Wl a sil"ifiC8lhait­
able predisposition to aJcoboIism aïsU. ColIÏIIF' et al
(1981: Ooninger 1987) bave pasiœd twO dislincl sabtypes
of alc:oholism: type 1. purpanedly a fwlctiOD ofbada eDYÏ­
ronmental conditions aIId pœIÏC backpouDd. ... type 2.
cbaracterizcd as occurriDl üa..- OII1y aad bip œritable
(genetie expression reprdJess al eDvironmenlai c:imml­
stances). Type-2 alc:obolics bave beeD descnbecl. vio1eDt
and impulsive (CloniDpr 1987). sugesliDl a liIIkbetWeeIl

alcohol intake and low seroroaiIL
Third. serotonergic neuroas iDdiehyporba1a ....medi.rft

food intake (Curzon 1990). CoIDpoIlads thal iua le 11ft selO­

tanergie nearotraDSlDission (upab iIIbibiuxs.r' "ft.di­
rect agonists) bave been sIIowa tG decreaSe food· iDtake
(Curzon 1990). As weB. feediq reponedly releases hypo-­
thalamic S-RT. impücaàDgS-HI'ÎDtheœnninarimoffecd­
ing behavior. Thus. it is possible diadie same sa...&":
system thateon1r'Ols foodlDd...Uuatemay aIsoœp1ale
alc:obolcoanunptiolL

The following review paper (pms ODe aDd two) lIIempCS
to elucidaœ the raie ofseromaia iD aJcohol iDtaIœ _ aIco­
bolism. In part one. clillical eYideKeassociari"1 scroroaer­
gic neurotraDSmission ad a'caDoJ iatake will tic iDvesà­
gaœd from [WO sllDClpoiDU: dieeffeas ofIIWIÏpalalÏoDS of
serotonergic neumuansmissjQllœ alcobol iDcatc iaDOnDal
(nonalcohol dependcat) aDd alcabDl depeDdmt iDdividuaIs.
and the effeas ofa1œbol imalœœseracoœqic:œawilllS­
mission. Given me brief revicw Ibow. it is eXl*œd dia
abstinent alc:oholics will evidaa djmjnishecl seiGUGiiiP;

functioning. Funhamoœ. acaœ"c:broaic••a Il sbould
faciliwe S-HT fuDc:a0lÜJll. FiDII1y. iarave"'Ë~ &bal iD­
c:rease 5CrOtOœrgic fuDCti....sIIDulddecreaeedlaDal ÏD­
take. and vice versa. ID pm twa. aaiIDal smcties œ die l'Ole

"ofS-HT iD alcobol imake wiIlbenMcwed.

Ethanol andSerotoneqpeFuacdoDiDgill
Healthy lndi~cIuaIs

ln general. iDvesûp&ioDs of....p.c fiJl'C'ieeinl fol­
lowing a.cuœ edlaDol Ch'"'p ÏIl bealIby iDdividDals ba_
not supporœd the DOIÎOIlIbatesIweoI incre ucs '-HI' fDac:­
tioning. An acuœethanol doseiabeallby iDdividuais lowen
blood tryptapbaD (TRP). CSF TRP. blood S-RT aad iD-

5

CT f' 'el S-HI' upnlre ..il"••al eftDIS SIIIFSfÏDI
deu 1 œaaal '.Kr lcftIs aDd DaIl'OIJa;asmjpjon (see
Taille 1)..

Despiee die f~ dIal die majarity of uriDary S-HIAA
.....SHI" menboljzed iD..paipbay (Aizeasœin
.. lCaIf 1979), smelies bPe used UIiaary '-HIAA as III
__cl~S-IIT faacliOlliq. Acuœemanol deaeascs
aaiawy S-IIIAAacraioaiDbeaIdIy iadiYidaals.adec:rease
faIIy sM foc by a sbift iD 5-Hr metabolislll froID me
,,",·ri.._.œducIift f*IlwaY...dIus by ID iœrase
ia '-bjebaLytl)pcopboi ('-KIOL) lad ils coajupres
(Davisail 1961).1'1Iis"paocess Iikelyoccars adusiYely in
die ..'P' i .. DOl ia die c:eaaal .-vous system (CNS)
(Es c' ••al 1969).. as aD sbifl iaS-HI' meabolism froin
5-IIIAA. • SKI'OL cauJd bc "'""eaad iD die rat eIU­

et... '.11fta'aeuœe...•a .. (Tyce Clal 1968).
la dae sepamœ sP'*"··.œm "Udies die paeseuœ of

...·n Il ia ... blood 81 ..mpsy .. relIIed 10 cIeaeased
hird;"I cl'" S-HflA 'prier rHJI-OH-DPAT tG ' ...HrIA.i. et" i •• several CCX1ical tejÏUiiS • die tioaral-p.new
leftI (DiIbl et al-l99t). aDd iacIased ['H]ÏDlipiamiDe -
biwti,. • die bippc c'a lPUS (Ciross-Isseraff aad Bielon
1911). Akabol bad aD effecl GD PRJkr''' • riD biDdiDg to .
5-RT2 i r .s (Oross-Issaoff el al 1990). 1bus. aœœ
... "..., facilirare seaUCODÏD reupadœ iD die bippocam­
pal aDddlaase '-lIT~ ia:eptar fuDcûoaiDl ia the COItex.
Semple..iDd;ae smdies were smaU. howeYer.

DiIarJ1'RP .penrarimldeplaïaa faiJed ID cIecraseI
ÎDLi • ...." ,&:lm" 1 làoa.lespeclively. iD male social
cIIinIœn. aldlaulb SI.nple siz:es ia Ibis stUdy were sma1l
(PIbl•• 1987).TRP ml'" 1I«jcwa aaddepIeIiaa aIso did... i"He' ....... Qworicmoa • TU "tel by self­
œpad. aaaaawy.1IIClmcxar task performmce (bccbia et al
1917). n.Dy.. ma receDI SIIIdy. die 5-Kr, ....-m on­
ri. aca...... SOIIIe ofa1œbors pleasunbJe subjec­
me eBeasadredu ced die desire ID clriDkillbaldly males
(Jc+a".811993).

Stndles_EtIuIIloiDeperdent IDdimue's
ne __ of saolOIIIqÏC fuDcliOllÛll ia akaboUcs bas
t-. ... _jecl of DiiiWiUiA smdies empJoyïaa a widc
"..,~ -.hxdnlops 0_ Table 2). thae SIIJdies are
P..... widl ...lbad.....1ctiflic:qllies iw:Igdjnl small
......... dj.pnt'ic yerj'lriIily.. aad die caafoaDdiDg
e8'ecIi filcIIaauic .k::ahoI ...ca seauaaaz&it faDc:tion­
iq. Ne-".Ies die C''"u''-me pideal::c cbWIl from
Ibae ia 'prima paillis ID....same iInalftlDellt of
__p;sy.œm. aIcobn'iSID- bowe~ilsspecific

mil. . aaclew.

...wrAa .-Ioa. MI .4sas. n. cffiCKY
ol5-Hr.......inhibiuniDle+rinlaIcobolilalœiD SOlDe

III oIftic... Il ptovides iDdÎIea Si!PP"" far die notion
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that seromDergïc: functioaiDl mïplile defic:ient in a sub­
group of these iDdividuals.. Zimelcfine c:italopnm. viqua­
liDe. aDd ftuoxedDe bave beea ... tG decrease aIcobol
c:onsumptiOIl iDmale modenœ -sac:iIlfW driDIœrs (Amiretal
1985). low depeDdence rxoblem dIiakers (7 driDkslday
average) (NaraDjoetalI984.1987.l9I9.1990.1992b).aDd
men widl a OSM-meliaposisaf.....pcndence (Gor'­
elick and Paredes 1992) (sec TIbIe %l. Tbese dmp iD­
c:reased the mm"": of absriœIa *" (zùne1di_ c:ita1~

pram. viqualiDe) aad deca 1 ... ember of driDb GD

drinking days (viqualiœ. fIuoudœ)awell as tbedesiœ CO

drink and alcchol·s œiafon:iDldIas (ciIalopram. Iuoe­
tille). Additionally, iD UllCOdUulledllilll.1be.s-KrreI"ser
feafturmliDe bas beea effec:liveiaa . 1 cbmaic: aIcobol­
ic:s (lCrasDer et al 1976; Spaar 1912).1'1Ie headci.1 cf­
feas of S-Hr upIaIœ iDbibilon cID _1ppeIIr ta be cilie CO

3IItidepœssam or lUiolyâc .... apKWICy effeca.
aversive sicle effeas CX' aveBive i r'QIIS widl edIaol
(NuaDjO lIICi 1CId1ec 1991). AI. zL Ibese S1IIdies bave
fOUDd stalistically sipmcal .te ia aIcobol mnke

the cljnical sipificanœ of1bae.....beeD quarioaed.
Many studies bave iDvalved miIdID -.laa1y ckpeadem
a1coholics (Nanajoetal 199Zb)... h uses ÏD alcabalic
intake in the order'of 10 ta~ (Gn ft 1 1986). aad aeat­
ment periods typically OII1y IWO...._1 (Nuuajo et al

6

1992b).. ' .....p SOlDe bave raapd up ID 12 weets (Nac­
lDjoadSItW&l 1993).

5011I' AGCMi5i5. ANTAGONISIS; IIECEPTO& RlNC·
DONING.. Sdeclive 5-HT œceplor qoaists aDd~
1IÎSIS ofI'er" p"'emi.J ID idaltify specifie 5·HT ra:epnn
.-ch_,. ... may be c:oIIIrOlliDl ak:obol aaviDg aad
iDrake. Eady repons suaest die S-HTlA apmist baspimae
redncrs seIf«panak:ahalcravialadcIriDkiDa beb&vior ÏIlIk:obol., (8nIDo 1989:TollefsOlletal 1991:JCnnz1er
lIId Meyer 1JI9). Cœwrsely. die mmsprcilic 5-HT.c
apaiIt M<IlbupbeaaylpipenziDe (...cPP; MjMemjss

lIId Huaœ 1990) repœœdly eJidU aIcabaI ClUÏDlIIId
Ipunl aida • aIcoboI jmoyjcarim iD +stj.", .lmbnlics

. (lp"CificaP, t'JPe 21arly aaset ak:obaIics) (Bene'''' et al
1991: D.T. Geaqe et al 1993 UlllNb'ishect dira).n....
ftpctinl na.weil ID dia ofSi.. lIId sœ. hlei {l9BI}.
wbo faand ... Ibe S-Hr apaiIt TFMPP (a ( c'" t'lmd
.....,tIÎIIIiIIr ta....a-P) pI'Odgced aD amI~
capliwe ce la ra'" li Tbis sagestI dia dIIl re·
dace aImhai [a & ( aaa iDlabai_yanigwls (c....MIe·
112.4'; " eII:).pedt8pSiDparliadardaedlll&1iftœ
S-Rr,c,e , maypmdace h... inlaoc:epivecue........---&iCar.IÏVUiOIl IJbnIjshes die œed far"pol i 1 - ft Iaa"JCeIItpI'PUtDin·ryrepiiCl'iaa.mCPP



Table2. Se yafSllldiaJawsipriD'Sa. lier .p" liDAL t pLOst ta'
1DdividuaIL11IeUltC....... IIVariaasT....af...S'; Wb ••...AIcDboIiallafta
PttilDDibidD*ilia5-RrFuDcli....

S "...

1 1-

1 .! .-
Il ,... Il....

6 ~ 1- ,...,
• J- .- l-

I ,... ,...".,.

• .- 1"•

H)podIa4

5-HT.......'?Ii"."__
ldIIIiL: r Hn" 0 1. 1
EtCHe 5

'-KrapIIÏII.-a.; f s-Hr
fw; è '. 11!!O11. '"II

'-KIP Idalia.: t s-BT
f . °s1EItIH

4
S-Krams .~ 1 s-Hf

fiIa=-i 0 s t EmIl
Zl , -

Dea ......-DP(5-Hr
PlCCiIIt!IW.....

Iaca "'11)1 !. Mf.
CJl):1ftl....1I:IitïIr

D tCSfi......

Dea rlCSFS-I&AAac.Is

D t~SllL\AIneIs

Dm , ....SIIl'1S-IIIAA
1cwII; b

lDCRuecI,-..sm...-:.... t~., op t0'iqr

lDc:I Ult,.....~

... ° fBI'tIa-'"
biIIdiIaI: f s-ar........
fImcI:i '.

9

S SI ..

1-

llF

."

•

produœd tnDsieDt aIcobol-lilœ eff'eeu iD SOlDe absâDeDt
alcohoUcs <Krystal et al 1992). la die oaly smely dIal bas
loolced directly al the effeas fil a 5-HI' apist OD akobol
coasumptian. buspjmae bill _ effect aD a1cobol craYÏDc.
time ta first driDJc. lime la 5 llivedriDkiDl days. tÎIIIC
ta tint iDtoxicarioa. aad 8 7 of SIIadaftl driDks pel'
driDking clay iD DOn,N"i•••a~Ie ofIIWOUS aJco.
hollcs (Malcolmet&11992).

Recenl1y the '-Kr, aNl. . onc'JnserroD (Tyers 1990)
was reporœdta reducedaily? el œaP""IMiaaby 30CIr iD
male alc:obol abusas cr.., rI. al 1991). tbis pœlimi-

. aary cliDica1 trial of a 5-Kr, canallaraœs daIa
obtaiDed iD laboruory ,n; 7 reduaioas iD edl-
lDolinlakefoUowiDIS-HT, a -u"'mïni'DlliCHLn­
aS-Kr aDtqOIIÎSt cliniCllly.t es drinlrinl campaI­
sionsledwlol COZISUdIpIial ... ca If ID"DOIÏOIl dIa&
decreaseci seroroœzpe fa., .1 iacrases aIcobol iD·
taiœ. The efftcacy ofS-Kr, S .iÏi1I may be duc to Ibek
abiliry to black edIaIIol-ï' ft •• iIK:n 3ft iD dar'mjrc
releasc iD cenaiD bniD tep- (Carbaai Cl &11989; Yosbi-

7

DIOID «81 1992; SIle DisclUsioa. part IWO). possibly amag­
mirinl_rewanIiDIeffeas ofakobol-iadaaced aaivaaion
of_ T ali-bicdaI-,ni'·'pc sysœm...

Sie ail aad AIIia& (1988) bave deIIloasIraœd ïm-
~ s.Hr1 iettpall faDcIioainl Ül me plaœlas of te­
ee.ly desmified akobo'ict. as assessrd by • n:dacQœ in
_5-n.....'....prodacriœofiDasitalawaopbospbaœ.
......foaadiD dieni corIB i""!"dinr'y foUowiDg
dlawie .h........ë"i'aMiœ: widI DO c:JIIa&e iD S-HT~

fi S•• M' 'w(Paldlyetai 1991. 1992b).Tbiscft'eadid
......3 ....a. .," en • Ül a sIIIIpIe ofplareleu
fiaD (11"1 +E'i'··'Y .,..2 aIc:abolics (Simmssoa et al
1992),F>' .... widlldaawal fram c:bIaaic eIbaaol c:aased a
"'" ia 5-11f, au .... membcr Ül die ra corœx along
widl 7 1 pnulllœaa al 5-HT-SÔ!l!P"recf ÏDaSilal
m ft liL IF (PMde, el &1 1992aJ». Acaœ eth.no1 pe­
e••- balla........5-111'-f'ÏImal.retllftrtreliœ of
p-Li tète""ic acid tInaIb 5·RT2 uaproas ia tbc plaœlets
of n ,. He sàjec IS (Si..... et al 1989a). aad the
5-IIf. - '..t pra"clioa of iDosilDl pbaspt ,re ÙI as-
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trogJial ceIls of die rat cerebral œms (SÏIDO""C'" el al
1989b). These stadia sugesl dia....Jp acuœ edIaDol
rnay potentïaœ S-HT1 aecepua fi" ; • le c:broDic emlMI
impairs il.. pert1aps promotiDg fanIIIIr aIcobol iDraIœ. Phar­
macologie blockade of the S-HT: ie&:+Dr witb me 5-HT:
antagonist ritanserin bas beeD sbGwIlID cIecrease die desirc.
craving. and compulsion to dIiDk iD beayY driDters ud
alcoholics (Montt and AlIerWIiD 199ILb: Nannjo et al
1993)" with no associaœd rcdncrioas iDaicobol iDlake (Nar­
anjo et al 1993). 1'bese fiDctinp JIIIF3l dia die 5-HTt

receptor may be iDvolved Ül die œwudiDl effecu of
aleohoL

PI..ASMA TRP. Measuremaaolprriphera1 indices ofS-
HT funaion in alcohoüc: subjeas yielded SOIDe.bal
controversial resales. wida oaIy apnœenr for a "S-
HT deficit" hypodlcsis in alcobaljSJD 1be moœ eoDYÏDCiDg

evidence supportÏDl such a hyput • is die fiDdiDl of
decrcased-serum TRP levels ailer 11lPcbeneage (lljonh et

al 1981)" dec:reascd basal plasma 1RP Javels (Siep1 et al
1964; Branchey et al 1981). aDd __ impoII_dy a de­
creased ratio ofplasma'mP tadleadlerlalp DCU1I'al amiDo
a.cids (LNAAs) (Bl'IDChey et al 1911:8aydeDs-Brucbcy et
al 1989)" in samples ofllc:ohalics.A lawerralio ofTRP tG

the other LNAAs bas aIso beeD foaDd" agressive. assaul­
tive aleohoücs eompaœd to ..,."ir and aoaalcobolic
controls (BI'3IICbey et al 1984). ne TRP-..LNAA raDO wu
lowest 1 day alter cessaQOQ oflJcohoI âDIœ a&Id iDcreased
over the eDSUÏDg 2 tG 3 weeks (Baydws-Bnacbey et al
1989). When the alcobolic ample..divided ÙIIO early­
versus laœ-onset (before or afœr 20 ,ars ofap).. me low
TRP raào wu com:lar.ed wida depi ·ve aDd agressive
tendcncies in the early.anset poap œly. l'be invesUpmrs
hypothesized clw early-onset aJcohnIics (i.e.. rype 2; Con­
inger et al 1981) evidalœ aJcobol s , jnB aDd antisocial
behavior e3rly in lüe. possibly die resali of a preexisting
serotonergic dcfea.. Their subsequaa bilb alcobol iDtake
leads [0 bioc:b emica1 cbaaBes.. a.- .... a red"ced avail­
ability ofTRP for conversion tG S-Hr iDdie braiD. possibly
contributing. in susceptible~ ta funber agres­
sion and depœssive episodes (Baydals-BnDCbey et al
1989).

Oecreased plasma TRP a"..l'hflily may be due to aD

increase iD ayptopbaD oxy... (lI)pcopbaD pyrrolase)
activity in abstiDem aIcobolics... ft· ..." ed by iacreasecl
production of uriDary kymueuiae .,.. TRP chlnenge
(Buydens-Bnncbey el 111981: F.- t n et al 1988). al­
though these smdies sufferfmlllsmallsamplemesandJa:k
of nonalcoboüc comrals poups. DidIl el al (1986) aIso
noœd lower leve1sofTRPas wella-.yodlerlllÙDOacïds
in men and WOIDeQ wbo were alœhal;;s Ifter 2 weeks of
sobriety. possibly indicann. a redu ca aD iD TRP availabil-

_.._-....---
ÏlJ. " ••va' a paup C"hi_" of die nIÏO al TRP 10

[N' e iI;œsof1be ocberLNAAs wasDGlcmialauL

•'en., &B&L n.tJID INDICES OF s.Br ftJNC­
IDIDIG. A C"""'OIl medKxIofaaessiJllœanl scmr.on­
eIJÏC fUDC'iarinliD aIcobolics iDvolves me me. wewtmof
caebraspiaallaid5-HIAA. Prablemsaise iDdie ÏiI1Iipe­
.... of.. cIaIL bowever. Low JewIs afCSF S-HIAA
CDIId Ile iauapaca::d as Iowa'nia ofcIepadIIiaa aad1bus
iDczased~ synapdc aVlilabilily. AlIaDaIively. Iow
CSF S-HIAACGIId iDdicaœ da:a ccl bniD '-lITemœur

1W1ba~CSF5-HIAAmay bemaœindicniveofS-KI'
...,holismiadiespinal COId tbadie baiaL SpiDalaearaas
... beeD 10 COD1IlDute sipificanrly ta 5-HIAA
kftIs iD 1 CSF (Bulat aad Zivtovic 1971; Post et al
1973: GarcIis" Soudœs 1973). A &Dale sericNs caYal is
_DGCÏGIl..OFS-HIAA leftIs mayaatbe iDdicariYe of
...aû""'F .....oaal aaiviry (CQlll!DÏnimg 1985).
Dapi1e1bIsec:aac:cm:s. CSF S-HIAA bas beeD peert-- .... as
a vaUd j,netic:eyof&eœra1 cblDps iDS-HT mecabolism in
_eNS (W••al 1973:Oareliselall974: AizeaSIeÎIIDd
Itarf 19'79; s.a lDd Molaâr 1981). Funbamore. a de­
.... iD CSF s-HIAA bas beea a ....erl rD jndjcare de­
ae_d1 ....... saaIOIIeIIic fnnctiminI. A1dIoup IlOt a

.dRct test 01 dU bypodrsis it bas been shDwa dw CSF
5-HIAA leYeIs positive1y correWe widl S-HIAA levels in
_ c:aebral CGI'IeX of bumaas Il auaapsy (StaDley et al

1915)-
SeWIl smcfirs bave foand lower CSF S-HIAA Ieftls in

III:abolil:s C' peelta CODIrOIs. sugesüDl su.bDormal sec­
---pc aaiYÎlJ iD. aIcobotics duIiDI absIiDeDce from al­
coboL CSF 5-HIAA mcasuremems bave beeD made afœr
paiodsofal-ft-ncc ranlÏDl froID lWO weeks (BaDki 1981)
IDdIrceIl1O'11"(Borgetal 1985).ÜlUeffOl'tIOsepanœ tbe
eft'ecIs of cm JI widKlrawal ca die 5·HT system &om a
paeexisœnt cII6cit iD ser'OIOIIerIÏC fimcâoaiDI- Amon•
....fiwtiap. Balleapretal (1979) DoœdDOdiffereaces iD
CSF S-HIAA ....em aIcoboUcs ad persoaaIity-disor­
cIaecl iJldivêt,k wbeI1 meuwed posIitm>sicarioa. but
lDwer S-HIAA ia die fonaa' poup afœr 4 weets· abstï­
--=e.. SIIII ; 1 dIIt c:bronic akobol nonn·lizes dimïn­
isœd 5-1R'......iDl duriDl ebstinenœ Suppcxtinllbis
U. alil. - • is alllldy by 7Mcoœ et al (1975). wIIo
faaDd dIet Jow CSF 5-HIAA JeveJs ia a smaI1 semple of
_'i err 1IcabaIÏC' iDcreascd sipifiCl"tty der 1 week of
lIcabo'dIiIItiIIIfoIlowed by 12days ofwidldrawal. Lower
CSF5-HIAA_beeD aoœd iD INria... feœeJe ak:aboIics
(8IDki 1981). ...-me dia a 5.HT c1dcit may DOl be
6 ... ID y biPlY lerùebIe maPe-lillliœd type.
Z.. nh ..

How is il Ibal die lawer leveIs ofCSF S-HIAA
bIIId iD dIac -..pies of absàœIa aIcDIIolics i+ lait a
......bid d)lfaDecioll of die saUlOiEiPc sysœm'? ne

8
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possibility exists tba tbese &"'p are a cIiIICl caase­
quenee of Iong-term akabal Ille « bioc"cEDia' .....naes
resulting from such. Scveral SIIIdia (Beek et al 198Oa.b.
1982) bave found bigba' leveis ofS-hycllœy1r)pIDpbol iD
aleoholic:s versus c:omrols afœr akabol iDtOYicllioa 'Ibis
heightened S-HTOL com:iDued weil imo ""ri,,"" passi­
bIy indieatiDg ID alcobol-incbnd sbift inS-RTllllllbolism
from the oxidalive (S-HIAA) ID ... reducdve (s.HI"OL)
pathway in the braiJL 'Ibis 'Ile' h.njsm coaId .. c ..farme
lower levels ofCSFS-HIAAJ.-diD alcaba6a.....1frK
long periods ofabstineace.

ExperimemallY. stndies widl ndeDcs bave ckr" waœd
iDcreased levels of S-HIAA aftK dlamic eth.." acfmjnis_

tration (see part two of Ibis œview). however..... ma­
sucements are primarily dcsrrmj'" sbordy aftcr œssaaoa
ofalcobol imake. not foUOWÜIIapaioc:lofproie.,.ErJ absIi­
nenee. F'urtbennore. c:cmc:eDDIIÏaIIS of '·HIAA .. pre­
dominandy deIermiJIed direcdy tiaIIl die bniIl ia apai­
mental studies. wbaeas CSF vmpIes are caIœD iD hgmans

for obvious rasons. Tabakoffet Il (l97S) bave iauDd rbIl
acuœ etbanol iDbibilS S-HIAA awspon tram die bniD by
the choroid plexus. a mecbaaisrp ....couId lI:CCIIa far die
increase in braiD S-HIAA iD rc1 1bis procas ilia)' aIso
be responsible fartbe lower levelsafCSFS-HIAA f'oaadÙl

alcobolics. panicularly ifit peni-iDtD.'i ren. kis DOt

elear bow cbroaic akobol iDaaa- aad subsequaIt &bsü­
Denee affects S-HIAA naspartfnDdie braia iD Iwm'a'.

As one migbt expect. a numberaf-stUdies ha_foaad DO

differences iD CSF S-HIAA bit aIcabolics lad COll­

trois. Tbese Dull findinp are Dal"D"'nted forby failures 10

do CSF deœrmiDalions dariD& IbniDCllœ <LidberI et al
1985). however. sew:nl smdies Iacted.... aaapsy­
cbiaaic cODuol groups (Asbcroft et al 1966: Beek et al
1980a: BaDki et al 1983). Roy etal(l99Oa) posiIaIlba low
Dumbers of type-2 a1cobolics iD dIIir sample may bave led
ID their null fiDdinp. however. ewII aftcr divicIiDI dleir a
larger alcobolicsample iDtoearty-(type 2).....(type 1)
onset. there J""I!'inrd DO diffuiiiiCIiS"'MlpaIpS (Roy
et al 1991). BmIà aDd MolDar (1.1) failcd tG lad lowu
CSF S-HIAA betweeIl akoholics ... cœaais wbm tbe
CSF wu emaced from die a.mal repaa. ... repOll
contaiDiDg Most of die S-HIAA C1IÏIÏ"arinl fram..rapbe
nuclei-

Enougb evideace exislS ta que"; " me mncti1iœs~
whicb lowerecl CSF S-HIAA is ........A cIifrirr subset
ofalcobolism may exist iDwbida 1e==edCSFS-HIAA is a
feaaue. however. me odJet~ cbaal::œaisâc:s of 1bis
putative subpaup remaiD UIISpO "..,.

mtlNA.RY INDICES OF 5-R'I' fUICTIOftING. Uàaary s­
Kr is gencra11y CODSidaed tG be a paal" lIIaI1Ue œœanl
seroEOnergic fuDaiODiDI. Appt ... 'Y .-. of lIIiaary s­
HIAA iD the raotilinptes iDdieOIS (Air....pei"-a1CGlf

9

19'79).. ,'.Ias dUs T sn......usedtoSDldyIbe
s-Rr/. ' rI. re'eàœs'ûp. Two smdjes bue falDdevi...
cIIIIce fil __ uriDary S-HIAA ia ak:aboIic:s œIIIive to

c:oaaII (C*Da etal 1960: TJnnsm ad McMiDm 1987).
u weiI....TRPc:b·Uenp(Olsoaetal196O).AsuriDaly
$HI" liIrIIIJ Ideas '-lIT meabolism iD tbe pa4àty
.........CNS. decrascd uriDary S-HIAA iDak:ohol...
ics III&J lIe&aba'evideDœ ofaœdi'c:rjon iD1'RP uaiIabil...
ily ia'" i ., 'wry. dms redu&:edTRP availability far braiD
upnlre "lM ·rively. decreased l8iDary S-HIAA may tep'*'

reIeIIlalllia.'·HTc:mbolismIDtilereduaive (5-HI'OL)
pwb.a, <B-*eca1191Ob).

Aœ'IE DBAIfOL ah' 1E'1lfGE Df ALCOBOucs. AD
....' ' ....'lcnp iD lbsIiDearaIcobolics redlces CSF
s-BL\A(O 7 c'letall976:Zln:aaeetal191O)...daes
... ûI'e&s ,5 El' TRP lewls (Siepl et al 1964). ne fiDd­
iap ofdie..... IWO SGIdia may be a cIûecl resaIt of aD
Ilecbo"-i 5 1 iDIIibiliœ of 5-HIAA lnDSpGIt &am die
laiD(1'l , • Ifet&11975>. ora sbifl ÎD S-HI' can"olism to
iaa::l'eaed5-llI'OLCSF S-HIAA may DOC bea vaIid iadica...
rmofc:-.l5-Hl"IeveJsafta'acuœ edwIoL

......D1$TUDIIIS. CacbraDet al (1976) foaDc1 no
diffa - • 5-HI' leveIs iD 33 braiD areas bcnueaa aIco­
lIDücsaic:idIwic:ciws. depessed suicide vicUms aadbealchy
cœaals.a~ raultiD pvea dia Jow S-lITbas aIso
.... B • , widl suicidai bcIIavior (Maaa et al 1990).
OD ..ca. ..... CarIssaa et al (1980) fOUDd œdIJced
IliMc p ...".n. lIId Ilypochal.mjc 5-RT ... S-
HlAAiD''''"'oUcsûrer'ccamWn.foraae .dada_the
__œ"'ïaœrval becweu daIb ad auIOpSY. m.rest­
ÏJIIlY. a 1 e iD me ngmber of biW:ocampal bildDg
siIes (i.e.. .....B..) far ('H]-paroudDe wbidlllbcls S...
KrupaIra 7' '-"1sir.es) iIlakollolics compaœd10aarols
bis alIo __ bmcl (CIal et al 1991). No difflliift&ZS in
biH c ,elbjgetinl dDity (IC.,) OI'eiIberpane 1 iDme
fIaa&alcana..foaad.Neuroaallossar~oftbe
~ 5-11I' SJIIIm ID cbauuic ak:aIIal abuse ,.. sug­
.....ta 1 for dIese resalis. nd81ba a paawtlid
cIe&::il iD5-Sr faac:rjoaial-

.....II.UD.EISIWIIOIBLOODSoBT$IUDiiUL ne
bIoocl, 7 7 ... beeD MU lILfa a lIIDdel far dlec:anral
lB'OiIII~"DDc1aelOsiIniIariIiesÜlnpalre saqe
_~"'5-HTiaballatissœs (Re.,," 1913; $neddon
1973). se. 7rctin baYefaad sipificantly IcJwwplate­
..5-IIT 1 (Rolfet al 1971: BdIyet a1199O).1ower
...........S-Rr • 1 FI (BaaIâ 1971; Si... et al
1992). or ' Ef S-RT (BecciDo etall~) iD
ILl,. BI t ,'ies ca , ID ....' c:wauIL Lawer
pI.....ar.' , b1aod5-Hra" ,K III&Ybeduemlewaed
S-Hf S) , • Ply eDlEiueJuilhi.1Ijg ceDs of die .-mm...
..........-.:re uecl "'.....Irr ariDcrasedplllelel.,
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reluse (Sneddon 1973)._~Oiea" if Iowa' pI_lee S-RI"
content suggestS lower œunmaI SeRT 1cYeIs iD die CNS.
this could eidier imply iDcrasBI OIS seracaaerpc faDe­
tioning through inc:œased S-RT œIase aDd uri'iurioa. or
decreased CNS seratonergic f"'''rinaiDI tbroupdecrased
S-HT synthesis.

Studies ïnvesùpbngS-HTp"'upWœ bavesbownIII

increased affinity (lower fC.) ol5-HI' for ilS camer (Bac­
cino et al 1987b: Boismaœ el 111917: NeimaD et al 1987:
Lhuinae et al 1988). or an iDa le iD lb: rngjmaI velocity
(higher V..) ofplaœ1et '-RT uaaspcwt (Daausretal 1991:
Emouf et al 1993) iD aJcobolics reialive 10 ccarols wbeD
measured in alcoboücs DGI wi1bdl'awn &am a1cobol
(Lbuïntre et al 1988). al absri"e e (e.,.. BacciDo et al
1987b). or afterone to 11 yan' "'ineaœ (8oisDw'e et al
1987)- lbese plaœlet slUdies su..a cIeae =' avaiJabü­
itY ofS-HT iD the synapse. SolDepIaIeIet SlUcfia bowever.
suggest the opposite.. A decreased Iar& ofplaœlet senxollÏll
absorpàon in aIcoboücs relaDve ID CGIIIIOIs (Som et al
1984). decrèased affiDity (Emou(elal 1993). aDdclecreasecl
plaœlet s-RT upWœ (lower V-J iD DOII.hsrinent lIId ab­
stinent alcohoücs versus lIOIIa1catIoliC c:oaaoIs (BacdDo et
al 1987b:Boismareetal 1987;T lwjœreetall911:Kattetal
1985) have been reponed.

Plaœlet imipramine biDdinl is biply c:orreIa.d wim se­
rotonin uptake (Roanan 1983). $tgdjes usinl ['H]-imipra­
mine aud [1Hl-paroxeàDe as 6pDds ID investi.. plaœ1et
S-HT uptake parameœrs have pre +. ed no c1earsupport for
the noàon of reduced upWœ or decr lied l11IIDber' ofbiDd­
mg sites inalcoboücs.

Studies with Individuals alBighRisk for
Alcobolism
Recently. the serotonergic: fullc:tioaiDc of non,'mboüc iD­
dividuals puwively al bip geœIic risk for aIcoboüsm by
virtue of a family bistmy of aJcohglism ÎIl tbeir fint aacL iD
some stUdies. seconddcpee relaliYes. bas beeaSGJdiecL Ifa
genetic:ally traDSIIIiued deficit iD 5-RI' neumcmmnission
does contribuœ ta me cIevelopmelaolaIcabolisaL dùs p0p­

ulation is panicularly beDeficiai f. SIIIdy iD dia ezperi­
mental results are noc c:oafoemdesf br die dfecas of IODI­
tem1 alcohol use. III suppoft œ Ibe lIOIÏOIl .... cemraI
ser'Otonin fuDctioniDC is rcduced ia family bisIDry posiIive
(FH+) individuals. depressed (Ra whal et al 1980) mit
impulsive LïDDailael al 1989) iadmduaIs wida fIrsl-ctepee .
alcoboüc relalives were found ra IlDelowerCSF S-HIAA
leve1s than cIepressed aad impllliw: iDdividuals (œspec­
tively) wimout a family bistGIy oIl1cobaÜSIIL Mere re­
cently. FR+ ma (i.é.. mm widl......,.ic fadIers) (Raascb.
et al 1991) and adult (>14,...01.) aad dIiJd «14
years) offsprinlofaIcoboIicpa_(Emaafetal 1993) bad
higherplateletS-RTuprake<biIktV-J comr-ed10 tbeir
respecàve family bisrary nepIÏW..-ol paapL sagest-

10

__ine> dCIF ." tDlCiDOve5-H1'Jiaaa~S)'1I8pIÏC

dâtaaddeaasedamëJicy biiEUloaMMm -"-aa
TwulGIdia cID DOl supparl1be DDâaa IbIIfB+iadividu­

ais bave dDcaCii Il iD c:eanl sacxwea.... f-=rionÎIII.
Noul.,.".. mwIes widl al Jau dIrec alcob CIlies aIIIOIIg
dIeir ftm....ee bloocl œ1wIiva b8d a Iowu lDI:IIl muï­
lIIIIIIl nw1Aer (B-.) of p..·let biDdiDl sites far ['H]-illli­
pamiDe iI""- ta c:aaaols. implyiDc œduœd c:emnl
~apcake(Sunayi..cadonrClall989).. AddiIiOD­
aIly, .... adIIIiDisœm:I tbc IIOIlWIea:iw ,-lITle qoaist
....cPP. œlyOlle Or 11·aœlL:nbgtic male adulechildren of
aIœbDtics (ACOAs) œpcxlledpt-wnbIe feeliDpand DODe

œponed ak:abal c:raYiq (Sdnnin et al (990). CUidlay to
die finclinp ofBeake1faelwl (1991). TaIœD toplwr. lim­
iœd supparl ais1s for die DDCioIl ....FH. iDdi'widaais evi­
daIœ .i..ééd'ed setUlOUape: fuDcliOlliq. ho.__ fur-
dlerm dlwidl dIis popaIaIiOD is wamarecL

Dfsensi_
PatIaps..SU'ODpst evidaIce for a deficit iIls-HT œuro­
.....smissjew ia a1cobol-depeDdeDt iDdividualsan be found
ia those -.lies etemOilSUariDllow CSF S-HIAA lIId low
plama1'RPavailability iD Ibis popuWian. AIso.gcstive
Iœ SIIIdies daiIoDstradDI decreases iD etbmaI iDIake iD
aIcobolics faIIOWÎDg S.HI'upcake iDhibiUJr' admiaisIraIion.
5-HTJ awamisn may bold die most promise far me tlU1­
lDeIlt of alcallDl depend«mcy. 1bey bave beal sbown to
cIIaeaseseIf-lepcxleCl desiIe lac aJcobol iD lD1DIl sabjeas
..eth... iIate iD aJmboI abasers-FunbenDaœ. amecb­
lDism of acI:ÎOIl ÏIlvolYÜ18 aDtaJODÏSID of edIwId-ind"ced
dnpwmjne œIase Ül die mesolimbic dopamiaeqic œward

sySIImhM'"proposed..
Dapite dIeir sipifjcanœ Sllldies widI aIcobDl depen-

cIeat iDdmdaaIs charai la jze SeIOlWEigiC fnacrioaiIIIl in a
...Ux:.."" .1 sysœm affecœd (lad possibly aiIeIed) br
chmaic aIwrI iDtake. AbbouP die use of...Inmaüc
iDdividuais widl exteDSive family bisIories of akabolism
(fII+) IPI' ft tG be astep iD die riIht diIa:Iioa. die iafor­
mmft vu.ofbiolopca1mn"Eieme IS collecœdiD cliDi­
cal smdia I"'1;ns )j'Dited aad ofœD CODIIO'Gsïal. To
__faIIy ilnesâpœDeUm' bellljcai illtencli.-aadœur·
oen.'Clm; ., pllbways ÏIlWlved iD ..aaaiD's CIDIIIIOI of
Ik:abal iIaa. OIIC 1I11IIImm ta expet -meClI'vaniaIwl SbId­
ils.1biswill..die focus ofplltlM».a JeYiewofdleaaimal
UIa-.ac _ SIIOCDIIa'Iic .-+nisms of ak:aIol iataIœ.
__• widl_ ildqlaliw SiE"'MPY ofbodl die lIIimal aad
din;caI li. fi iD lilbt of • 8M 1*"'14.' ....·ies of die
mieof5-1lTiabebaviŒiDae-aL

~--_ 55 ...t.,........... dlc.c..:ïltJ6c.-.­
,... ... la':;, . da 0 b rr _ .·Aida ~ la, ;~ 1 bl du
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Serotonin and Alcohol Intake, Abuse~ and Dependence:
Findings of Animal Studies

David LeMarquan~Robert O. Pihl. and Chawki Benkelfat
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Dapir~ a nIQlÏ1l~I,· Iiur~ ~. of litemtll.n on rM ",le of tM rIGIIfItrGlUlflÛler serolon;n
(S-hyd'DXY~""tIIIIÏM.tH'S-Hn ill. n'lIÜlIiD" ofakolrDlbtmIrL dwjrIIIaü1tu1JSÎ,nificturceof
s~roron~rgicM~tIturd iu nlt.uiDnship lD akoluH. inIIJJœ. t:Ibrue. tIIIII.p~NUlIC~
r~11IQins lD be fiIlly ~ÛItddIII~tL ln pGn ""0 ofrlais revïew•• UJMriIn6nml (tIIIimDlJ dtua ès
SWtUf1Qriud alDllf rwolÛIG: lM effeeu ofserolDM'fic lfIIIIIipIIIœiD DIl lM ÏIItIIke ofaJcDhoL
andIh~ ~f/~Ctsof1IaM"dtrtmicGlcDIIoI ÜItlIIœ. asw~uas,.wiIlwtlrr:zwQlofdaronic akDhtJL
on lM S~roIO"~rriC~ /1 ès CDtlChuletl:1uJl serolDIlÏIl rMCÛ4'«r~ iIIIIIIœ lUIlptJnofiu
larg~' ro/~ ;11 bdIIvior~ ntd&llult incrmsu in .sBDIDIf6"'8ÎCfwraitMinr .t:rtQ,I~

~tJumol illlm. tIIIIl Ût:nllS~tl s~""o~'fic /unctiDninf itlUmsu slumDl ÜIltIkL EdumDI pro­
duc~sIransiDU itrt:rmus in s~rolo~"'icfrmctiDniII, IluutIt:tÏ11tIU,.l'IIaDlûftbicdDptlI'IIÎM,,!ic
reward SYSI~1ILTM raullsandUaus~din /ighlofr«DIldtœriutlat::ribüI,.n,lIÜlIory ro/~

ofs~roloninin,eMIGl~ior.

Key Words: 5-HydroxyaypwniDe. S-Kr. alcoboL edJaDoL ak:obatism. aJcohol dependence. .
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Introduction

In pan one ofthis review. wec:oacJudaIdIalevidenœ exists
suggesting that some a1cohol-4rlJCrdent iDdividuals may
bave lowered cemral seroIaIIÏD (5-hydroxyuypwniDe:
S-HT) neW'OtraDsmission. A D".......ofdifficulties wilb me
clinical paradigm. however. necessimed a daoroup review
of the a.aimalliteranUe OD me pllljombjp betwecn serotoD­

ergic neumaansmissioD aDd IIcaiIol iIaIœ. la addidoa ta
allowing for me direct mmip"etjaa of bniD S-Hr fuDc­
noning wider' experimenllJ CG"diricm savUn using mi-·
mals help to dOC1IINmt possible "Uh chrm;cal iDt.encâons
andneuroanammic:a1paUlwaysiIlvolwdiadie rqulaDonof

Flunut~C t alPz; , ' D (DLIaft_Pis t· :: flOP. an. McGiD
uamrmr. MouaLQlI8iIc.c::..a.a

AddrI:U~I'IIIq.-a.Lo.Pild.C5 -'PI. 7 b.~U"".
1205 Or'.PmDddA__~~CA.~1OA.al.

RKavellC t-rJ.I99J:......C ' •• Itn.

o I9MSoc:u:cyof.iolollal~
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aicobol iDIaIœ.
The foUOWÎIIg œview pnx:eeds from [Wo SWldpoints:

uamining tbe effeas of mmipulaIïons of serotonergic
aearocrUlsmjssiœ on aLcabol iDlake. then me effeas of
aIcabol iDIaIœ .. saucoœap; aeurocnnsmission. It is ex­
pecœdm.pbmDacDloP:aliDœrYenuoDS faciliwiDg S·Kr
DeUrOInDsmjssiOll wiU da:rease edwlol iDœke. and vice
vasa. Pw"k' "N"IIe. aœr.e mddlronic edwaol should fac:ili­
calle S-RT fillK:ciewinl 11Ie ldicIe c:oac1uda wim a cüscus­
sioa aflIIemieof5-Hr iD IOftIIIÏDl akobal iDrake iD light
ofCUITeDldleaaiel reprdial dieIOle ofS-HT iD the regula­
ÜOIl afbe!laviariD ........

ElredSofAlt.eredSerataaer&ic
Neurotn..,Ï"iOD GD D.·nollDtake
PhGnruIaJloricJJ{MtIIIÏpII1/IZiDI of'~ 5-HTSynem
andAlcDhDlCoIUlllllmJJlD'Y &hœlior
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brU S-KT: r ETOH
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ETOH CODSUJIIIXÏon

5-HTaaIqOftisU black
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funcQonins: T ETOH
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TOQINo.of
sIUdies
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20
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Noces: t - illl:ftalC: ~ •~ ETOH - edIanai: 5-Hr • S.h)4lU&7an pCPA. • pddarapbellylaWwlc:
pCA-pchJoa r t

pM 5.6-DHf-5.6-dihydlua)'V)p c: 5.1·DHT-S.7411,da=7_"
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•

~ïERVENTlONS DECJlEA.SL"(G SEa010NEllGIC FUNC­
nos. Given the proposeél raie of serotoain in goveming
ethanol intake.. one would expeaplwmacological manipula­
tions that deaease serotonergic fuDetioaiDg lO increase eth­
anol intake. The most consistent evideDce suppol1Ïng tbis
supposition comes from studies using S.6-dihydroxytrypta­
mine (DHr) and 5.7-DHI'. neurotoXÏDS ma selec:tively elim­
inatc brain S-HT nemons ud consisteDtly iDaease etbaDol
intake (see Table 1). A large number of stUdies bave em­
ployed p-chlorophenyialalline (pePA). a compound that de­
pIetes brain S-HT by inhibitiDg ayptophaD hydroxylase. the
enzyme that convens ttyptopban (TRP) ta S-hydroxyuypto­
phan (S-HTP) and thus S-Hr. 'Ibis compouud. as well as
p-chloroamphetamine (pCA: also a œmral S-HT depletor)
most often decrease edwlal întake. 1bree œmporaIly relaœd
mechanisms appcar te be ovenidingpCPA's œmral effect of
5-HT depletion. acc:ountiDg for tbese resaJts: a short-term
accumulation ofbighly toxic acewdehydeOll alcobol inges­
tion: a rebound increase iD the synaptic: a&:tivity ofS-HT; and
a conditioned taste aversion due to the associarion ofpCPA's
noxious side effec:ts wim me mgmon ofaIcobol (Myers and
Melchior 1977).

The development of S-HT aaoaists lIId amagoDisu with
high affinities for specifie S-HT RiiICl:plDi subtypes is aD ad­
vancement over inœrvention manjpdariDg poss syaaptic
5-HT leveIs. Wilb tbese contpO'mds seIecùwe S-HT reœptor
subtypeS an be activared orblocUd. œspettiveIy.CoanrytG

expectaIion. a prolifenrion of repans etelDMitid'ale Ibat S-Hr
postSyllaptic amagonists œduœ edIanol aJIISUDIIXÏOD (for
ex.ample.. 5-HT, aDtagOlIists zacopride. ondanserron
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(0R38032F). aad ICS 2OS-930: S-KI': antagonist rir.aaserin:
IIICltbemixedS-Kr,agonistlS-HI'~amagonistf(jS893). This
effect appems to be relalively specific for ethanol imaJœ. as
warer aud food iDate are geuerally uuaffecœd.. omer aDtago­
nists (S·KrIOZ wetEiCOliDe and melhysergide. S-HT, graDise­
aœ) bave noetfeclCll'iDcrease (nonspecifie cinaDseriD. S-Hr,
MDL '72222) ....""" imake. As well. discriminarive respoad­
iq foredlaDol iDpiaeoas and rats is sigDificamlyreduced alter
iDjectioas of me S-HfJ amagonisIs MDL 72222 01' ICS 20S­
930. but Dot me 5-Hr, amagonist zacopride or the S-Hf:
amagoaist Jœtansaja (Grant et al 1990; Grant aDd Darrett
1991: Orut 1992).1beseclara suggest tbat the S-HT, œceptOr

subtype iD panic:ula may rnr4iare the rewarding qualities of
edwJol ingestion- The puwive mIe of the S-HT, œceptar
subtype iD rmdiaring rewanl and etbanol inrakc will be dis­
c:ussedbelow.

1N'I'ER.VEN110l'lS INCltEASlNG SEROTONEaGIC f1JNC­
110N. As shawn iD Table 2. evidence iDdicaœs tbat in­
c:reasiDg seroroaeqie DeUrOtnDsmissioD tbrough various
meaas decrases eIbaDol CODSwnpciOn. 5erotoDiD. S-RT
precursors (l'RP..S-Hl1'). the L-S-HTP derïvalive trip­
tosiDe (possibly a5-HIP re1easer). andS-RT releasas (feD­
fluramiDe). aad uprake inbibitors (zimeldiœ. nommeldiDe.
a1aproc:laœ. laoxrh.. fluvoxarnine. indalpiœ. viqua1iDe.
cialopnm. aad saaaJ.iDe) C01ISistendy deaease edwIol
CODSUIDpIiOD ia r-. as well as iD moakeys aDd cbicJœDS.
SlUCties employiDa S-HT pœcursor (l"RP/5-HTP) aad re­
laserluplak.e jnbjhjtcr (fedunmiDelftuoxetiDe) c:ombiDa­
tioas geaenlly show 1bal precursorpreUUIIDeat eDbaDœs
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the effects of the n:leaser or~ iabibircr œ edwlol
intake (Fisher et al 1991; Ciorelidt 1989; 1.1& el al 1992­
1993). The attenuating effect ofS-HTP 011 cdwIaI iDtake is
blocked by pretrearment wim the S-HTP decarboxylase in­
hibitor RD~02 (ac:ompouad cbaliDllibiu dJec:œvasiOIl
ofS-HTPto5-HT) (GeUereral1981).

The failun: of diewy TRP supplemeau 10 decrease eth­
anol intake in some studies may be due 10 modeofadmïnis­
tr3IÎon CZabik 1989). as peripba'al1y admiDisteredTRP may
be primarily metabolizec:l by hcpaIic aypcophaa pyrrolase
and mus decrease TRP availability far braiD lIpIaR aDd
conversion to S-HT (Myers aIICl MeJdIiar 1977). Trypco­
phan pyrrolase (or rrypmphan œyaease) is die azyme
responsible for TRP degradaDODaloDldIe bepaIickynureD­
ine·nicotiDic acid padlway. quanrjmjvely die lIIDIt impor­
tant pamway for TRP ca&abolism iD die body. Fialbeamore.
ooly the e1ecttica1Jy evolœd re1ease ofS-Hr is enhanced by.
preaemnent with systemically actnrinincred TRP: basal
S-HT reJease is UDaffecœd (Sbarp el àll992). 1bas cIiecary
TRP may incr=se braiIl S-KT left1s bal IlOt S-Hf œIease
and function: seIOlonergîC lJCIU'OII&1 aI:IiYily IIIIIR aIso be
inc:reased to facili'aœ incrased S-HI" nœ=ll'=-siL

The medwùsm of acDOD aad sprcificity ~ effect of
S-HT uptake inhibitors have beeD Ibe subjecI ofSOlDespec­
ulation. Meœrgoline CS-HT1C4 amqonisI) <Roctm- Cl al
1982; Amit et a11984). cïna"seriD (ftOI'.,... ific aIaIOIÜst)

•

•

DirKt bnln Injec:tiona€5-HT: T
S-HT CUIICDOftIIII: ~ ETON
c:onsumpDOIl

Pmpbeal5-HTMIni&: t 5-11I'
fuaclioninc: ~ ETCH
coasumpaOll

TRP3dmia-: T !-HT
fimcDaniIlc: ~ EtOH
CO'tP'mpaon

'-HTPadmiIL: i '-HI'
filDcl:iaainc: ~ EIOH
coasumpaoD

T~admift.: t 5-KT
funl:Iioainc: ~ ErOH
cmpnnprion

'-KT ypcU.e inbibitararm.-­
admiD.: T 5-KTru.r:a ~ . 1 !
ETOH ( • l 'mpnoe

'-KT~qoaiSladlnia.: r
5-HT funaiaaiJll; ! ETOH
caasumpUon

1

Il

1-

IUI.I&.aA.....
.-
.......

11······,......

(amaadAIIIill989). ornwt -."in (presynapâc amago­
aist) {Amil etalltM) ..ra· " do not pœvent zimel­
diDe-in+v:ed cIecIases iD edIaDol coDSUlllPàon. Meœ:go-
liDe pica·· bDweftr. cIaes paniaI1y aIœIlWIIe the
efI'eca of ..,; dine œ edIIaal intaIœ. aad ritanserin
(S-RI':2 mm ) aDd iDIlfI5lGtiœ do reverse tbe dafen-
luramiDe-iD'iuœd suppessiw of edlanol imaIœ (Higgins
etal 1992). FUII.nuale. "wNlIIent wimpCPA daes DOt
black die .,..,..";oa of ",'ml iaIake brougbt about by
zjnwfdine • na' inrldine bal. 011 die COIIII'Uy. œmpon1Iy
a,"",' die dfeas ofdie .5-BT upcake ialubiton in Spra­
pe-DawIeJn8 (Amiletal 1914;Gill el al 1985). As weil
5.7-DII'I'.intis. et Iesiœs ofdle DUCas Kalmbens paren­
diedie 'n IMj"1etreasofscnn.IiDeonedwIol imake in
.. (MyCIS lad QuarfaI* 1991). 1bcse fiDdinp bave leci
SGIIIe 10 ........S-Hr upaIœ iDbibilClll may decrease
"'Ni üaIœ dIlaqIa s-HI'apc mecfwrisms (Amit
«al 1991). SallIe of ·s effec15 GD akohol con-
e (Ii CI Il .... beaa _iIl 'M 10 iDcrasecl Klivity of me
i . -Ii' je sysImI. wIIidl is laIowD 10 decrease ab­
lIIDl iIaIœ (Gmpp « Il 1911). Funbamare.. SOlDe re·
se.dIen __ wU 1 dia mInccioas iD edwaol iaaJœ
bJ S-HI' ....iftMhiIan mayllesecoaduy tG die llllalua­
lima of feediDI (GiD lIIIl AIDill989: am el al 1988b). as
S-KT up&IIœ iebiNlCII'IIedaœdleimake ofwaœr. faacL aDd
oca.r iiiiIIiIive .bitl es (e.c- ncebariD) (Fisber Cl al

18
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1991:Amiteta11991).asweUas._ . ; lhIIiaafadlet
drogs. sueb as morpbiDe (Rocbnan etai 1910) aadampQlec­
amine (Vu et i1l 1986). Seme evideDœ. bDwewr. sugesu
that reduc:tions in food/waœr aacl......." iataIœ afIa' feD­
fturamine and ftuoxetine aœ inc:Iependeal(Luet al 1993).

Studies with S-HT qonists. iDcludiDl quipariJr (non­
specifie S-RT agonist) (Fuller et al 19761. MIC-212 (5­
fIT1co": agonist). and 8-hydroxy.2-<di-N-prapyIamiDe~n­

lin (8-OH-DPAn. gepirone.. ipsapiruae ...buspiaoac: (ail
S-fITIA 3gonists) (Hamon et 111990). shaw cons;""" re­
ductions in elbanol ÏDIake iDœsIDdmaalœys. 1'beœ.is aIso
evidenee that the puwive S-Kr,. aaaaist 1-~ailuaro­
methyl)-pbenyl]-piperaziœ (1'FMPP) (MidcUenriss aad
Hutson 1990) substituees foccenailldosesafedlaldiDdrug
discrimination paradigms. sugestÏDldIa Ibis qaaist aad
ethanol aet via a c:ommoa receptor sire ID praduœ die edI­
anal inœroceptive eue (Sigas aDd $4 he 1. 1981: CiaDt
and Colombo L992). (Depletion of 5-HT widl pepA also
blacks the etbaDol-iIlœroceptive eue (511:1... hIE' (971). As­
sessing the net effect of aD agonistaaS-lIT neuraaaasmïs­
sion is difficult. however. SenxoniD apais15.. panicuJarJy
S-HT lA agonists. effec:t bod1 presynapcic (somaro.elnvkitie
autoreceptors>. and posrsynapric zecepr.ucs (Hamoa el al
1990). Moreover. seroloDÏII qonisu pœraDy Iack specifi­
city. acting al more tbaD one S-RI' receparsubtype as wc1I
as al receptors of otber neurotr'IDSmift systemS. 1be de­
velopment of agoDists widl parer spec:ificity is darly
iDdicaœd. as is furtber researd1 iDIo die fiD:âcma1 COIISC­

quenees ofspecifie receptoractivation ail..S-Hrsyaem.
Witb these caveau in miDcL the mostpanilDDaious ezpIana­
tian accountiDg for the resu1ts reviewed above is dia '-HI'
precursors. agonists and upgke iIlbibirors cIeaase edJaDol
intake by inaeasing serotonergiencwoa"IDissïoa

Seroronergic Functioning in Seleetiv~ly B,.~d

Alcohol-Pron~ RodentStl'tlins

Various rodent species bave beeDselecüYelybred10bebigb
or low alcohol preferriDg (YosbimouJ et al 1985: Li el al
1988). These iaclude P (a1cohol-preferriDl) and NP (ako­
hol-nonpreferriDg) ms. RAD (bip-alœilDl~and
LAD (1ow~alcohol-driDkiDl) raIL UCIIB (bip.akabol
consumer) and UChA (Iow-a1c:ahD1 1 pi !!W') .... AA.
(Alko.. alcohol) aDd ANA (Alto. aanaIc'*»l) r-.. NJNih
high and low alcobol-prefeniDl rm. lIId bigla ... low
alcohol-preférriDl mice.. The P Uœ of aImbol-prefariDl
ratS will orally self-admjnisœr aIcobol iaa fn=c<""'iœ su·
tian with warer or seme omer equal1y p"mbte ftllid avUl­
able ad libitum.. acbieviDl pbInnacaJop:aIly meapjn&fu1

blood alcohol collCClllCllÏoas (U etal 1981).11Iese.;ma's
are panicularly ~·a1uab~ far SUKlyiDJ die mie of S-KT in
ethanol preference in dw tbcy pu&IIiveIy pnssess a paeric
propensity to eoDSume hïp levels of cdIaDol aad c:aD be
lested before ever havinl beeD ezposed ID _IMI (i.e..

19

ak:abDl-aaive).

ne majoriIyof"'- Suppill die IIOIÏOD dia aIcobol
pacfmia& 3njma" lIave emsi-'Y lower S-RI' .. S­
IIydIœyiDdolarelic llCid (S-HlAA) 1eve1s iD vadaus bniD
rePons reJalive ID dlârnanprefenia&cowu.erpans. as ma­
sured before ..... aposuœ (Mmphy et al 1982:
Goapu et al 1989) or afœr tweHlay (Yoshimoro el al
1915: YosbÎ!!M1(O lIId Xomun. 1917) or three- to Cour-week
(Murptly elal 1986. 1987a) • nie". periads (see Table 3).

LowcrS-HI' lad IIIa1Ibolite Inds iD P raIS may be aarï­
baœd CO lowerS-HI'lberdcnsiriacIeœcœd iD various braiD
n=cïoas oCP(venus NP) n.s.l'AInover.me bÏDdiDIdasiry
(B-l lDdafliDity(K.}"ofPH) =s:muiDcoS-HT. reœplUis
lIId(sperifically) ['RJ8-oH-DPATtoS-HTIAreccplOlS. are

laï&I- ÎD a DUlDbeI' of bniD rejÎLW& of P r3IS (WOIII et al
1988. 1990). l'bis ..,. be due co _ iDcrease iD die pœlie
expœssioa. or alfer.-ive1y ID up-œpJaûon (supasasili­
VÏIy). olS-Hl"..reCCPIOrS as acc, '(Ill nsarory mecb,msm for
1oWerpresynapci:5-111'COIw:ea'.aïaas or lowerS-Hr fiber
etensilies iIl VIIious bniD telÏOIIS of P r31S. AlICnIaIiYely.
lowerS-RTtA. S-RT. aad '-HI"2 cleasiôes Cound iIl a aum­
ber'ofbniD relÏons ofP raIS may be due tG decreasedS-HT
fiber'deasïücs.

IDconastIDdie filldiDp ÎD PaIS. aleobol-aaive AA 1'alS

c:aasist.em1y mdeDœ higber 5-&T/S-HIAA levels com­
s-ed to ANA raIS. Korpi et al (1988) bas sugcsœd dia
ANA raIS may bave fewer S-Kr aaroas and biIber S-Hf
QIIDOYer resu1IiD& iD tbe Iowa' bain S·HI' CODœut (abus
laï&I- S-Kr ia AA au). ,It....... if tbis were tme one
lllilbtexpectacbaa&e iD S-RTla 'RC biDding(8_ocKJ.
"I1Ds bas DOl beea fClllDCl for eida'S-HI'l' S-HT19 or S-HT1

recepmrs (Karpi el al 1992) (iD dIis study aD iDcrasc in
[JH]5-HTbiDdiDIIOS-HT, œ tpDfliswasnoœdÙlANAra15
but amibuœd ra bdlavioural mmipn.,tions. DOt to liœ dif·
faeoc:cs). Il is possible tbaI: l1IO differem subpoups of
aIcobol-prefenïng fIlS (P. HAD. aad NlN'ah versus AA)

wi1b difftriDlncuracbemicalet•• 'C'I isues have bteD pro­
duœd tIuoulb&eneIic se1CC1iOD (Jtarpi eta11988). AIIaDa­
liYely. Mearide etai (1989&) suasdie Deed10MIMIISII'Iœ
dia aU alcobol-prcfwiq iDIndradait sniDs bave SIrODg

ak:abol coasnmm.'CWy drives..dm aIcohol is posilively
reillforciD& iD die c:aII'al na iC8 system (CNS) of Ihese
enim·'s as bisbeeDdem "'D1iIlaIiD P raIS.

JIodenr sniDs .. spot"·'··.ly eül"bit ID edlaDol
pœtereace (u opp'Rd 10 beiDI sdectively bred far Ibal
dlaacœaÏi1ic: far aampIe. FaWIl Hooded (F~H1 mIS lDd
CS7 miœ) aIso ewidace Eh fi· r S-Hr fu.DclioniDl.
AIcobo'-aaive C57 miœ baft IOIIKbniD TRP. S-Hr.1Dd
5-HIAA 1ewJscu, al ID ,. , 5 'Ü!I CBA miœ. cIif­
faeuces lIII'ibaœd.adecftasc iD'IRP availabillty second­
.,10hi'" lnels aad acriviry 01 tiver aypropIwa pyn'O­
laie aa:iviry 'S'O'"Ï• ..,. widl a biaber dn:uIaIing
CCIlticosœrone caw: .aa. (8 7 .i et al 1989). Hilher

.,
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Table 3. Summary ofSIUdïes on Saaraacqie f'mvjeMjn, in Selce:iftly 8..Ah . , Pi.....-.Snïas
TCllllNo.ot lquiwacalor AIIiInIl• HypoÙlesu .... Suppaniac .... -cIIIInIe "'sl

BaseJine bœn S·HT/S-HL\A 16 ~ P: RAD: NINIH
levels i ln ETOH.pra". (CEREC. Iftf.:ETOH-
l;S. nonptef. mimais SN.HIP. pre(.iatnd

G5T1l. nuœ
THAL.
HYP.SA)

1W1-: ,..- M
HYJlI'a - NAD

•• ETOH-pâ.
CS7BLvs.
nanpm.
DBAmicc

FewerS-HT libers in ! 2vHYP. IlfC. P
ETOH-pref. vs. dHIP. 1NA..""A-
nonpre{. r:us "iOP.

pCJ:-:GC.
mNA.
afC.
sn-:
MR.~·

BaseJine bt2Jn precursor 3
.,.

ETOH-pref.
Icvels c1'RP orS-H'TP) L in CS1vs.
ETOH.pref. vs. nonpref. ........
mimats CBAnucc

I-:HY'P" IV.

• RaIe ofS·HT synlbesis ! Z-- AA
(bnin S-HTP zauauJaàon
Uw:r blcxkade ofamino lCid
decarboltylue) L in
ETOH-pref. vs. nonpref. animais

S-Hll' 3dmin.: T 5-Hï : 1-"" UQB.P
funcaoainl: l. ETCH
cClfISUInl'Uon

Direct S-HT itljection in 1- P
~A: T 5-HT fwlcaonmC; ~

ETOH cansunt;lCion

S-HTuptlke Il IIMMI." P.HAD.
inhibitonlre1easen: T S-RT _1# UOaB.F·H
fuDcaoniDK; l ETCH ETOH.opœf.
c:oasuznption raIS

B&SCÜne S-RT, ra:eptar , 3FC. 3DJlNCS. 3 INA- P
bindiDC T in ETOH.pref. 1OP1#&l18 Hr,~. SN.AC-
vs. ftO'ftIftf. animaJs IIINA. CAU-

IIIPFC. PUr.
"IGP- mflACS-

Kr,.)'" .....
1IIP.fC..
KYI-

~BS A:.HIP. F-H
(s-Hr~'. BYPf$- ETOH-

11I'..,)'. PIâ,1'1II

l~ Dftllwfol/6wrllJptlr~1• 20
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• Table 3. (Collli1Ul6Ji{mm prnitnupa,~J

TaaiNo.of Equivocalor Aftdnal
HypotheslS smdies Sune ma, ltâutial IIOdWlce ar.wus)

BaseJine S·RT,~ lCEREC l'n p
bindin~ 7' in ETOH·~i. (IV laycrJ.
vs. nonprei. anamals a.AU.

~A.OT.

CAU-
PUr'"

'.MS.
RIP.R:..
KYP-

1Fe. IIIP.HYP. F-H
Sl1t"~ 1S"~

BaseJine j.Kt', m:cpcar ! 1'" P
biading r in ETOH-prei.
vs. nonpref. animais IAMYG. AA

NA.HIP.
Fe-

S-HT agonisudmin.: r s- 6 6"~ 1"· P.liAD.
KT fu.aenoniq: l. ETOH

,,..,.
ETOH-

c:onswnpaon pIâ.
inbr'edck
oucbmi
'r1S1ar' raIS

S·HTanQloniSl admïa.: ! S·KI' 3 Z-'" t-

• fUftCtioninC: r ETOH
C01ISwnpbon JIU Santinian

ETOH-
pœi.r2IS

pepA; S.6- orS.1-CHI'; S......... AA.bip
dearoJytic Icsioasof5-KT EtOH-
parbways: l 5-KI' prâ.r2IS.
funaionmc; r ETOH t.!ChB
c:ocswnptiOD

Soces: pra. 2 pte{ann.: a • .-nar: ct .danaA; 1.1ar8aI.: AMYG a urylMla:AC • "",ikJoid~ as......-:CAU • caudale lIUdCIIE CEItEC.~l
cones:~OC:o:ClJll'lialaCOfta;Q.AUad WLFCahaa8ac.la:HlP a tù;; III KYP- te15 'Ir ..MB• ..-...c......,-.•n III UllmftC:••fMdIa1;p.
posœnor.v-vnni:NA.1IUCJeua .OT.~"'" ' ,.,-.:nc• ..--a.-.a:PVt'.,-:MIIIf.....,..DUd.-:SN• ..-a&IlUda;
sn.unaIIIIft: THALa""'-_- WB.....1IdIIL

•

cerebrospinal ftuid (CSF) TRP (but DO diffezences iD CSF
S-HlAA> have beeD noœd ÏD spongneausly ethaml-prefer.
ring vervet monkeys compared ta llGIIIftlerriDg monkcys
(Ervinet al 1990) aflerone1DOIIdl"sabsrineru=efroIIlalcobol
foUowiug tbree moadIs" edwIol exposure. passibIy an in­
berent differencc iD die edIanol preferriD& lIlOIIbys QI' a­
consequence of prior elbaDol exposuze. Orba' smdics widl
redents (see below) aDd akobolics (e.l-. Beek et al 1983)
have demonsmaœd iDcrases iD bniD aad CSF 1RP leveis
subsequent10 cbronic edIaD.ol iDIake.

As wim uaselecœd nt liDes.. iDœs veflliaas ÏDCIeasÏDI
S-Kr functiolÜDg (e.a-. die S-Hl' upaIœ iDbibiuxs Saou­
tiDe. fluvoxamiDe. zime1c1iœ.. aad ciWopma: die reJeasas
fenfiuramine aDd dafea4unmiDe) ail dimjnisb .."" iD­
take in a variety ofalco~o1-pâmiDlrusuaiDs.fbaovriDe

21

a1so laenuaresd1epaJalabililJ-iDducedetbaDol iDtake ofNP
raIS. wbiJe DOt affectiDl die imake of a sugar solution in
c:omrol poups (0aaD et al 1990). Consisœat wilb earlier
clara. die 5-KI' amapaisas rœdlysergidc (S-RT,ca amago­
DilI: Peiuud:aela11990) _LY 53857 (S-KT~ amagonist)
WIed tG mem'a'· ftuvoza - -jnduced reduaioas iD edl­
aDDl iDateÜlP raIS (MazpbyCla1198S). SerotOIIiD receptor
apaisa. iacludiDl BeOH-DPAT. buspiroDe. ipsapirone.
1IIdND0-008(S-HT..11' - d.1'FMPP(S-KI\.acoDist).
ad 1-(2.S4illlf'd!ozy 4 iadophenyl).2-amiDopropme
(DOn (5-HT1 qoaist) !Iso caasist.em1y decrase alcohol
COllIn i'lliIDIl in aIc:ohaI-pii6ii1ÏDI rodent SftiDs. Local ap­
pliClliOD of8-0H·DPATu.dIe dorsal rapbe DUCleus (but
IICX die mrims Ke'" "ca) œduces edaaDol prefermce
(SdIIàber el al 1993)_I-OR-t)P~Treporœdly iDterferes
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with moter fuDaiOIl (Murpby et al 1987b. 19ID: Mc8ride
. et al 1989b). which couJclexplaiDilseffec:lÏ"....IIduc­
ing ethanol intake. Ipsapirone-iaduced dea iaedlaDal
preference an be bloclœd by die lIOIISeleemre s-Hrl • 1Il­

tagonist spiperone. or aaenuaœd by pCPA PCftiA"ent
(Schreiber et al 1993). The puwift S-RTlAl'ft. .upir­
oxatrine (Nelson and Taylor 1986l badnoeffect_elbaDal
intake in P raIS. but augmenœcl decrases in ftt el imaIœ
resulting from separaœ doses œ ftuoSClÎlle ... 1-08­
DPAT. suggesting dw~ may P Il pmial
post-synaptic S-HTlA aaonist piopenies Gr .......,.. s­
HTtA receptor.siœs la enhance me acboas ofS-RTaaomsa
(McBrideetal1989b).

A ftoor effea (the inabilityofaD iDterVeIIIiaB IDdiminjeh

s-HT functioning due le a1Iady low S-HI' Iewis) may
explain a number ofdisparaœ fincfinp wiIhak·. 1...pIefa­
ring ratS. AdmiDistmiOll of die amqcmisIS ......'a:tlide
(s-HT1oz) or LY 53851 (S-RTJ (Murpby«al 1915:Weiss
et all990).lesions of the II1idbnDlnpbe DUcleiar5.6-DHr
injections (KiiaDmaa 1976: Zbutov et al 1985). S.7-DHT
injections (Kiiaamaa and AlIiIa 1979). or cal pCPA
(Kiiamnaa 1976: ContreraS et al 1990) faillO airer eIhaaol
consumption in a1cobol-pretCIriDI raIS. eveawbaubesame
treaanents in nonpreferriDg na lad to Il ~ __1 iD­
take (Zbukov et al 1985). Consj5teftt widl odIa' studies
using S-RT) antagonÎSlS reviewed above. MDL '72222
dose-dependently decreased. voluarary ......" """''''1'­
tion in 5ardîniaD ethanol preferriDg~widl DOct.aps in
total fluid intake (Fadda et al 1991). allbauP il cid IlOt

anragonize the discriminativeeffecuofedIaDol iDHAD aacl
LAD ratS (Krimmer 1992).

S~crion SummtJry

Despiœ the wide varlety of medIodolopes.. speries aDd
strains of animais. and pb.armacolOlical maaipnl*"'.s em­
ployed.. a sizable number of smdia bave pI'Ovided support
for the notion tbat faciliwioa of SCI'Otoncrp: ...waas..
mission leads ta dec:reases iD cdJaDol iIuake- ne carollary
of tbis hypothesis. dW ckcrased serotODerJÏC UQiIIS­

mission faciliwes edwlol imake. lias reœiwd.-dl more
equivocal support. Two liDes ofresearch DCCdfilldlll:teluci­
dation. Fust. the mrcb,"jsms dlmugb wbida • , ~Inds

dw d.ecrease eÜWIol consumprim eurl1beÎl'âfecs.PIftic­
uJarly the S-HT upraJœ inbibiton.__ rD beeluri' d. Itis
likdY that interaetions widl adIer DeUrOIn"SEHiÊ"tt sysœais
areinvolved.Seconcl.tbeneteffectofspecifics-Hl'aaoDiscs
and antagonistS on S-RT naraaansmissj- .... ta be
clari.fied.

Eff'ec:t ofEtbaDol on CNS SenlOneqic
NeurotraDSmission: ExpertmeDtaiSm....
If a geneàcally traDSmiuecl deficit iD ccaaal sa • wlk
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,ien . 1 aisIS iD· iDdmduals dia lads ID iD-
Q 1aIcabo' i..Jre prdPaps as T,bak""udHoff-
.... (1991) PlU L. die 4aoo ofethaml mli!ll"
......... DeUlcxn"··j·sj.. ad edlaDal is beiac usecl
by lJcoboIics tG se1f-medi.... lel'DlDacqic bJl'OllClÏviry. It
is _&fiOle iIDponaIIllO 'IM Raad die effeasœaœœ and
c:IIIaIKeœ-»l~.well as die wilbdrawalof
clla'aakelbaaoL 0Il1beseaœwaiA~sysœm.

ACIdeEthanol

As .....,.. iD T_Jes 4 .. s. studics masuriDl die
...,__lniIlleveisafS-Hraad S-HlAA.weIl as die
~aadnpnkéolS-Kr....lbatacuœ.....maI faci1i­
c.- _'*JDtiIÏC fan"";"-;. Dec:rases iD bniD S-HT
.......ech.noI may lIso sagest iDc:reased '-KI' lICIIrO­

"n . ire as typi=1Jy .... studies fiDd CXII" M.iÏlaIIt
iuutales iDS-HIAA. saa~ 1 i"l iacreascd S-H'I' aaover.
Iuu iD bniIl S-HIAA afœr acuœ edlaaai may be due.
bDweu..tD.n·nol-ïa"'· e!lillbibitionofS-HlAAdear­
_ fiaaI die braiIL. 1'IIber__ • inc:rease iD seaOlOüeigic:
œwc.l Clivily (Tabüaff el al 1975a.b: NUIl aad Glue
1986). Farez·mple. Tyœ elal(1970) noœd aslowernreof
_,- iD laiD S..fIIAA c:c.:enmllion Ül erh'ml-aeaœc1mIS.,..... ...."mjœ••k' iabibitor (MAOI) pargy- .
liDe CCI nliWcd ro caaaols. E-.MkDce conuary tG dIis aotion
iad1ldes ... obserYaIioD .... paœr S-HIAA "moas
trilla PD?IJerdoses oferb"'Oi • Jower blood aIcaballcveJs.
eYeII dlaap ilmi&bt be "1' red tbat biper""'ml doses
waaId. pI'Odaœ peala û...i ofdie aclÏve DaaspcA't of
S-HJAA oal of die tniD. dIus bilbU tniD S-IUAA
leftIs (llaImaD aad Snape 1915). lA addition. S-HIAA bas
aIIo beal sIIowD co be iDca ~ in cenaiD braiD œgiODS

Illbonp DOl ÏIl adIen. If.. inIIIDitiOD of c:laaDœ were
teS" "ible for iDc:rased braiD 5-HIAA. oae waukl expea
..... iIK:Iascs iD S-HlAA ia aImost ail bnin regiODS

(Kb?IibetalI988).
Despiœ iacreaIes Ûl S-Kr 1aeIs. one must be caaaious in

CCI ..._1 acuœ ftbeml (m';""" S-Hf fuDcliaaiDg. as
lWO saIdies Ibe fidDa~ • rapbe neuroas alla' aewe
...... b1dapaivoc:al resalis. As weD.1be majorily œsmdies
iDwsàr. S-HI' ma. ~jsm sugesl tbal acuœ etbaDol
does ... f?o'jgœ 5-HI' iWUfU. Similady. laite edwIol
c ] - 1, ÏDCI 'TT DJIIIIli" pynolase aaiYïIy. sagest­
ÙiI i • .. leYeIs al cjn:p'''ÏIII plasma TRP avaïIIble for
lnïDupIIlre AstRP· , 4 III. iJrlniDupraIœwidlangmber
« adIIr I?qe œaallDlino a::ids (LNAAs: e.... tymsiœ....,.......Ieœ:jœ ... adIas). bniD TRP'" is de-"at-..œ1y..die (li - CIl' ofplasma1RPbalaIsoœ_,,' 'CC" • M- afdleadlerLNAAs· apeàDI
far die s.- rm"l il me' - E' across die ~ad-bnin

...... BI ,. a m ••œsada bave"""'»P 1 d m­
a =ia baiIlTRP1IId5-IIIPti:II1owiDl acuœem-,L mis
SUU , cidB m. die IIIIÏD rtlTRP 10 0Ibcr LNAM is in-
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Table 4. SUIIlIDaIY ofQ'TJE ia 5-111" mcl Merpbn'itp LewIs afœr Acaœ EIbIDaI ia Specifie: BdiA
Relions ofRGdaKs

Ok' i'. '011

D eaa

BS""P·ME1)18
MB"DUQlRP­
VTA"'

CEREBC"
IIYP'-IHYI'­
III'YPIPOA"
AMYcr-HIP-­
u:-
su,.q',·....

as-.....LC'"

CllDISI
In'f .....
tlL\LaF.BI

d,.wAMYCi",nI HIP'·
SNI.IU8LSN'"
sm....pS1'RnP

HA""

c::aa:r-
CSIEH,.......0.---01"-Fe'"
PfIC'-

•
p·MED'-~..RP·
1$'"

CEREBC'·
lfYP'AI-

S'I1t.'.'U~

CAC"NAuuw....-

CEREC"

D ....

CEREC'"

CHOISI

R1'P - ..".
THAL....

~HIP'..,

~LSNUJ't.P.II

sra.......NA-..

8............... fMEDl.~ .......__ rapMlIIIIICII:i CDltNl. ltIIaIYI'__ .an"... li ' ua
(VT'Al.l~~CLC).

Ca 2 '.... nWc.ll&cc:::BŒKl. J ' cCDDJ.
D? '7.....---.." , ......-c POAJ.
lJaIbics,...' -, E J EL cLSN\...,.-.a,.,. 2 'rid ...........-c ......

(Lf\.
~ae-·-(""'__L"""''''''-'
e:a.tw.l cana cCDE). __~ CIIIdnI , Ceatan, r...... cFa\. 2 'm (l'EL).

oIIKay.....coal....., -...--..CGnIL

•

creased (i.e.. edIanoi decreases the plasma 'CI ..'ions of
omer L.N~ more dIaa dw of TRP). orma"'" facili­
tares the aaual brain upcaIœofTRP.

Evidence indicues tbal acuœ edIaDol may cIecIase die
uptake oriDcra.se the releaseof'-HI' iDni'"tissue aIHl
blood pJaœlets. Studïes iDwscipIÏDI tbe dfeas of aœœ
etha.noi OD die biDdiDl of seramueapc lipnds tG œccpror
subtypeS sugestdw very bipedwnal doses iDbibit recep­
tor binding. It is quesaonable.....KIIIeedpaol affects
S-HT reœptor biDdinl U lower. pb.IrmIcoIop:uIyrelevaat
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doses..liWDdlana_bipdola.dleeffccu ofelbaDolon
.... 9" hindial weresmaD (8ackbn11Z et811989).

Saale evidalœ sugesa dIIl a:ute cdwIol may have a
Hpteesie eff'a:t .. bniD S-Kr. a.Iawy aad Evaas (1976)
œpGft dIIllCl1le "MI iIIiriaIIy iDcr sect die COIICeIlft­
dans.&' senma TRP. bn:iD TRP. bniD '-Kr. aad bnin'-HlM. iD W...,.&bave a.roIlevels ben". of iD­
c:raseIlTRP avaj'.lity. SewDIDabrafœredwlol admin­
isInIiœ.lbe c....c a....ofdll:se COIIIpOUIlds decrascd
belowcamrol Yllaacba r.o jrrnsjnllJ'YP!DPbmpyrrolase
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Table 5. Summary ofSrudïes fnwsùpliDcSeracaaerlic FulliCliœinlUlA.-.a$pIciIIÛIIIrAaaDalesofEdlaDol

Br:unS-HTIe~eis i alœr~ ~s

ETOH

Br:un 5-HtAA le"'cfs i alla' :~

ac:uœETOH

ETOH fxiliwa ririnl of :
ncurons in the ORN' and MRN

Bnan S-HT maabolism t alœr 14
xuœ ETOH: scudic:s USUII
MAOb and ndia1&beBed5·HT

L livet' uyptapftaD pymJlasc Il
ac:Uvity afœraaaœ ETOH

Plasma TRP levels T iÛla'cuœ 4
ErOH

Brain TRPlevels i afla'a:ur.e 1
ErOH

Bnan TRP upgke t Ûla'ac:uœ :
ETOH

Brain~phanhydraxylue 3
aaivity r atœncuœ ETOH

BrainS-KTPtevels t Ifteracure •ETOH

Brain and plate1ct S-HT upWœ l. "afœr ou:uœ EI'OH

Brain and pJar.elct S·HT rdcasc 3• T alter' acuœ ETOH

BrainS·KT~biDdinlt 3
afœr KUœ ETCH

S-HT, œ:epIOr·medïaœd ion 2
CUJTCJt T ilœracuœ ETCH

Sexes: MAOIs.T ~ 0".. 0.............

•

•

levels. M~rlandet al (198S) round additional cYideDœ fOI'
an alcohol-induced biphasic allealioa in die seramœrgie
system. as plasma TRP levels were iDcreased 15 min atœr
acute ethanol administration. (oUowed by iDaascduypco­
phan oxygenase (pyrrolase) G'\iry S br laœr. Maayoftbe
disparate results of sUldics œYieMd maye may be ac­
countcd for by iDcludiDg cbaDps iDdieseratOIIaJÏCsysteIIl
over time (OUOwiDI acuœ edIaDoL

Il is clear tbat seraronerpc aearcGI,..mjqjm is acamplez
process. and matedlaDal CID urcadis sysem• aD)' mpnbpr .

of points. Al this time die picaft is DaI clar eDOII'P tG clraw
firm conclusions amcemiDI tbe dIias ca CIbIDDl GD 5·HT
ncurolr3nsmission; bowever. die owaaIl evidaIœ JIIIICSIS
that aclte ethaDol faciliwes setOIaIIII'IiC fia:à0llÏll1

Chronic ErJumol

There is StrOftgevidellce dwcllroDkabaDolldmiDisnIiaa
(anywhere from. 3 days to 25 mambs) iIIaases bniD sem.
tanergie fuDctioDÏDI (see Tables 6111d 7). Cuaaic edlaDal

iDcreases smaad S-HIAA ia wbole bniIl samples and in
specüic brIiD JeIÎGDS. as weil as enbaJJCCS pœcunor avail­
abilit)' (dec:Ieued u,IXDPIDD pyrrolasc.. iDcœased plasma
ad bniIll'RP. iDI:Ieascd lIJpapIwl hydroxylase acùvity
1IIdi&z l'5-HJ'P).

cadie adIIr baDd. SOIIIe SIDdies bave fouad dw chrome:
_h.mI cleatean 5-Kr iM••bolism aDd iDcreases S-HT
upI!Ikc Ikaw:be, et al (1911) bave œporœd Iowa' plasma
1'RP 1eweIs_ .... impuaGildy • cIa:n:ased raDa ofTRP
ro die__...,addI c 'Ie.inl fOI' braiaemry ÎD -aIco­
bDIic" 111"- aad.. dauaically uaœd wi1b edwIol.
lIId ....... of bnia 11tP lad S-Hf iD die chroDiecm.·.. "DImL1'1Ie.....for die madeed cIiscrep-
IIIIII:Y ---.. odIen sbowiq iDcIeascd
1'RP ar.r ai is..kDDwD: bawevu. iD Braa-
cbey et a1-s (1911) lIId adIIa- (Ledil et al 1982) Sllldies.
-a c:aIaric __ WB 1 CGIIII'D1 aDd expaj; +DIlIpoaps.... 1 a &cIar_ expailDems ow:rlook.
PeaijAnl .. c:enrrel 5-B'I' i*ecwSDr Icvels will be iD-
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Table 6. SummaryolOmps mS-KTMd Mmboliœ1.cvets allerCuœice+-o' iD5pecikSniD
Rqions ofRodefta•

BIOLPSYCIIIADY
19M:J6:39S,.41

D.~.al

CcrebeU...

,,,,,,__'d

Das...

,~

u,·.....p·MED..
MES-umVTAIJI
DRHUlLC'"

DIEN-1J1YP1ftPN'JI

SN- cLvAMYGISI

srraCAU'D

CEJtEIPI"ŒL-

..J"'···..',....'~n~..

•

5-BJCb'Oa!iad,' liE acilU!·IIIAA)

8nmara l8aase D M

WlIoIc bran ,.".......,. r&UtUM

Bninsrem MEP'RIfOMZ-
DlNdlLCdI

Ccmbellwn

DicnccptraJon PM'JI

ümbicsysœm HJPG'

Corpus s1riaDun S'I1l'''''''''CAU/D
NA'"

Ccrebral~ CEREC....
c::ERE!P....._.ao ' dUIOMI. T : Ft ,,=(MES\.

0; : 'rfOIEM.i-_ '........JIN).
LiIDbIc.,..fLS).

"""PeMEDM'
MES-ttf'"VTA'"

c::EREB­
DIEN--­
l.IlYP"'-- 'I1aHYP'"

L$2II HIJIIII-IHSN'"
cLvAMYGIJ'

STIl--

•

6uenced by between-group yariarjans iD tcxa1 calorie iD­
raJœ. as TRP compeœs for bniD upaIœ aaoss the blood­
brain barrier widl other LNAAs. Panldoxical1y. omer
smdies thal have equar.ed group .. uxal calorie iDIake
(Pohorecky et al 1974. 1978) bave faaad resu11S opposite tG

thase of Brancbey et al (1981) (Le.. JIiIbe:r TRP afœr acute
ctbanol).

No c1ear effect of c:broaic eth"" expuswe OD S-RT
recepterS bas beeD noœcL bowner' cbIoaiç ethami de­
creased the llumber of S-RTlA biadiDI siœs ia die hippo-.
campus. wim no cbaDps iD die hjpcfjnc dlanaerisUcs of
S-HTlA or S-RT2 recepaxs iD die fIœal axra. or S1IiaIa1
and hypotba1amjc 5-HI',.=:.'*' (UJddIsen 1991). "Ibis
was iaœrpmcd as adawIl-repIaIiœ iDmbibilDry posayn.
aptic hippocampal S-HT'A Ja:ep'*.. JadiDI co abypeneri­
vity that coumencœd die depus...effecIs ofedIaaol ad
[ed ta cmanollOlenace <UIricbseD 1991). Tbis S! !cÛlpy

indicaœs a (adUtADon ofbippa ." 1"11 senxoDalÎc DeUI'O­

ttmsmission. A1Ienwïvely. die dowa-œp.laliOD ofS·HTlA

25

receplOlS may bave bem a diRa mult of edwloi-induced
iDcreascs in synapcic S-HT. however. Wu et al (1986) noted
a sipifie:ut redudiOll Ül die K· evoked re1ease of bippo­
carDpu r~S-HI" afœt c1uuaic edwloL evidenœ apinst
tbis hypodlcsis..

A ngmber of smdies fOUDd iacrased S-RT uprake after
cllmaieedwlaLsugestiD.adecn:asedavaiJabilityofS-HT
iDdiesyapse.Piw"i e-saiDeffeca were nocedbelween
Sprque-Dawlcy aad Fawn Hoaded raIS.. ID Sprque-Daw­
Iey na. c:IInmic erblllOl iDaased iDa:reased bippocampal'-Kr upalre III Fawa HOOIIai raIS. cbmaic ed1aDoi de­
CIeased aJùlb basal upab afS·HT priOl'to abanol iDcate.
S1JIPSIÏDI dia e!lhanol ia:aeaws low bual senxanergie
fnaclimiDI iD dûsetb 'II tI-peli::aiqntsaiD(Daoust et al
1991).

PrIlhdrGwGl[rDm ChrolticEdtDnDI
'nclicaranofc:eanlsac.-pefuDcQODÎDI masured fol­
10WÛll tbe wiIbdrawal ofctawicaIIy adIaiDisœrecledwloi



S-HTaDd AJcohaI ....PSYCIIIAl1ly
~I

• ToaiNcLoi Equivocal or
Hypothesls studia 54& iÎiii .... aocMqe

decreased &Yailability ofnP far brain upWœ aad c:onver­
SÎOIl ta S-H1'. Coapucatwidl dIis. a numberofS1Udics bave
foaDd depressed serum aad lniD TRP levels (see Table 8)_
FunbenDaœ. me ICCDIIID'" of radioactive 5-Hf and
S-HlAAÛIa'r~ iDjeaiœ is reduced duriDg edwlol
wübdraWII(Tab'lmffetal 1977).

A1renIIIive1y. il is aIso passible tIw me iac:reases in
wbole bnia5-Kr followiq die witbdrawal ofc:bronic: eth­
1D01 (Table 9) jndjcaœ ÏDCI j turnover and fimclioDÏDg
of die ....p; systeDL 1IIese iDcreases subsequendy
_'ine tocamd leveis • die wïtbdrawal period coatiDucs
(Griflidas .111974; 1 itderaa cc "1974). Il bas &Iso been
sugesœd dIal die iaa es iD bnin S-HIAA seeu after
widldraWII of erbaMl .+ • a carryover effea of etb-
...·s jrbjH,-..of'" le" ft of S-HIAA fianllbe CSF
(T.bekoff 1974).

SallIe sa asellaive sensilivity ofllle hippo-
camprs tG lIIwpoI ÎD radait SIniDs. Cuoaic edwIol
decn 1biH (*15-111'œIeue aDd iDcreased uptaJœ:
dariIIl widldlawal fraIIl .......edIIaol S-HT biadiDl was
decaeased ia die biPFa ( Bodl selS of d.aa may be
i"dicniwalcIecreasedlà" ... scroroaerpe fimc:ùon-
ma.Dea 11ûMi Il (M' PR15-HTbiDding(Mulla'ec al
1980). SI'" -fically die , of bippocampaJ S-Kr'A
biDdiDl siœI (tJJdcbsea 1991) da' cbronic edIanol 'Nich­
dmwaL ha.... fOlllld. 0-'"expec:t a c:ompensatory

•

•

BI'2Ul S-HT leveis i aIœr 31 13'.......'·
c:hroruc: ETCH ...

Bram S-HlAA levels Tafœr ~ IS,AIIUAI&IAIf&

dlramcETOH "M,··m
Bram s-HTmaabolism T atœr 6 118

chronic: ErOH (iDdudinJ SIIIdia
USUII MAOIs)

! liverayplOpban pyrralasc 14 11--'-""
acrivity alterdnnic ETOH -...

Plasma.. br3ùl and CSFTRP 14 II'·~IUU.

IcveJs T at'r.uc:hranic:ErOH ZI&8I

Bnin U'"ipropha hydrœylalc ) 3~

acrivity Taf1.erdlraaic: ETOH

BrainS-HTP Icvcis i airer : z.au-
cbnJnic: ETCH

BralftandplaœJctS·KT~~ ~ 1"
alter c:brolÙC ETCH

Bram and pWdctS-KT reJase :
i af1etc:bronic ETOH

BniIIS-Kr reccpror biDdiIIl T 2-
afœrc:bronic ETCH

Naœs:CSF.cacba psu18uid.

bave generally suggesred a deaease iD ser'OlODaJÏC fimc­
tioning due 10 the loss ofthe faciliwing effectsofdIwiulaD

tbis neurommsmiaèrsysœm (sceTables 8 aDd9). SaoconiD
functionaJ indieators bave gener2lIy beeD measaœd 12 br
and beyond afœr the final dose of edwIol foU~ the
disappearmce ofsigns of imoxicarion (e.g..loss œequilib­
rium) and al the onset ofsips ofwithdrawal (e.l-lRmars.
seizures;.

Many smdies have found nodifferences iIl5-HrI5-HIAA
levels in the whole brain and specifie braiD regionsatS-HT
acc:umulation after PUJYline afœr wilbdrawal of cbronic
etbanol. When taking the tilDe coune of cbanps ÎIIID ac­
count. bowever. rbc witbdrawal froID cbronic edwIol
initially reduces brain S-HT aad S-HIAA 1eYe1s.1IIIidlsub­
sequently remm ta c:omrol vaIua as me wilbdrawll periocl
conànues (Kahn aDd Sc"dder 1976: Bldawy et al191Ob:
Badawy and Evans 1983: Blqova cc Il 1982). 'Dis etrCCl'
bas been iDœrpreœct as a pbpmd dec:rease from~
S-HT/S-HIAA leve1s duriDl chmaie edIaDoL This ilaipie­
wiOD fits we1l wim the noDOIldlacIecreased fua cri ••, lof
the serotonergic SYStemoawilbdrawal froIIlc:braaiccdlallol
ingestion may be aI leastpanly lespoasible farme jeëwtjon
of funber ethaDol ïmaIœ. OIberevideDce fia Ibis ùalpaeu­
tian. Trypmphan pyrrolase pboeU'ds froID dea d Jevels
during chronic: edlauol iDrake ro iDcrases afœr edIIDol
withdrawal (Badawy ad Evans 1973. 1983)" suU "1 a
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3fC(5-
HI'~
~HYP

(~H'I',.>--.

CAU.HIP.
CCR(S-Hr,)I-,
(SoRr~

llOP.
HYP-

1I'.....I....aMa

&4 -wowU

-caaae

1"

.-_....

l'be smdies iei." iJl tbis '0 " [ 'sullesr dtal acuœ mc1
c:broIiic db. • pIDdace ln."iDcrascs Ùl S-Hf levels
lDd~ na f'w::iu.... oL SeiUiGDtiip: fllaaiOD­

iItIliIœ1y il leIS ad las widl st'ccasive doses of
.................pcsy_adapstocbroaicabaDol
ICImin;sa.tira AIœc wilbdrawal fJIl dIroDic ethiDOl. a de­
crase iD S-HTI5-HIAA Javels ..scaacomiwltdcaase iD
S&OIOiiUp:fiw2iœrinlocn-s pmduciDl_ bjoc:be"'ieaJ

1IIDIlpIâariq) rodait sniDs. rareumple. a 20'5 iDcrease
ia S-HIAA iD die nucleus acc"mbeas. frontal corœx. aad
..nŒsrriaIIIIIlolP raIS afœr acuœ edwlol (Murpby et al
1983) sugesll iDcrascd aaiYity of dorsal nphe neuroas
pIOjeaiDg tG dIese bniD aœas (McBride et al 1990).
Oranic eth·mI aIso aises CSFTRP and S-HIAA levels iD
spongneous aIcabol-prefeaillllllOllkeys compued 10 COD­

avis Dat~ to edIaDol (&vin et al 1990). fiDally.
clnaicerbaml iqesIioIlcaDda nsidzemerespoaseofme
seroroJlCrIM: sysœ:m ID ID _ami ch·llap (McBride et al
1990)" as ID1ICIIIe"ofemenol Idmjnisœred ID alcobol­
roIenDt P rm (011 daily ......"01 for 4 ta S weeks) and
naatolenat P .. lat ID a sipüicam1y decreascd eJevaàOD
alS-HL\A iD ... '"Id.. w:: Clm"cns ofdie tolaat P rus
(Murpby etal 1918&).

S«fÏl111 S""..,-y

19 7"'"--·· ·
10 4""."-

% .-
% %---

,
4"~

BniaS·Kr~!. a'-EI'OH
wicbdmval

BniBS·HIAA lems ! ..
ETOHwi.......

BniaS·KTmIlMdi_ L"
ETON widJdmql""MAOIs
IIIdndiai...... 5-111'

f 1i~a:iF plLL Pl.. 5

acrivity afœrE1'OH •. [ t ••
Pn:=nDr1evelsc.--.....

TRP.bnïarrypl :'
bydraaylaMKIiWy&s-HIP) J.
afIaoETOH.0*.,...

BrainS·KT........ f
afœrcJlraaic ErOH •. [[ ...

up-regulatian of ' ...HI"posuynapüc ia:epran foDawiDc die
withdrawal ofchrome edIanoL Aunnrinl edIaDol iDcreases
S-HT leve1s and facililllt5 5-HTape aeuroumsmission
early in achrome: edwlol admiDis1nIiaapadilP". aclown­
regu1ation (Le.. decœase iD number) of '-KI' reœpmrs
wauld occur in respanse [0 iDc:reascd avaiIabi1ity ofS-IfT.
As ethanal admjnjsrmiOll propessed (illd toIermœ devel­
oped). aleohol-induced iDcrease iaS-1Il JeveIs wouId pad­
ually aaenuaœ.. aad teœplOl' mllDhen wouJd up-rqu1aIe
slightly andstabilize. FoUowiDlwilbdrawaladadec'iae in
synaptie: serotoniD. a compensany ...eplaâaa iD '-Kr
recepters should occ:ur. Same SUppcal far Ibis liDe of rD­

soniDg comes {rom a smdy naIÏDI iDcreasal saiaIal Md
brain stem ['H)S-HI" biDdiq dI:r die witbdaawal of
chrome edwlol admiDi.scndoD (MuIIerecal191O).

S~I«tiv~IyB;'edAlcDhiJl-ProrœllDtl6ntStn:Jbu

Studies iDvestiptinl vanous ta S of seroraaerpc
func:tioning in se1ectively tnd aIcaIIaI-plâeailll aad IIGII­

preferriDg rodent SUIÏIIS afœr ac.- al daoaic cduIaol
(summarizec1 iD Table 10) aIso sappuat die ...... tbal
etbaDol poœDtiaIes seromaerp: fnrnjCWIjnl Acute aad
c:bronic etbaDol admjnjS1l'llÏOD i&a ses bniD '-Krl
S-HIAA levels (1Dd S-HTP am..,'''') iD • n Mr of
br3in repOlIS aad iD a varieIy of 11c+)I-pefc:niDC (md

•

•
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Table 9. SUIIlII*YofClaDles iIl5-HrIildMeubntireLewJs"'. W"dbd&a"afOaroaicEduol
in Specifie Braia Rqions ofRodeats

......~.II'!'rII."'iP;-....S-1II)

Srunara D c aaw

Wholcbr2lD

SninSlenl

' ••M&ZIF

CcrebeUum

Di~Qft

Limbic: systCaI

CQI1'US scna&wIl

Ccrebn1 ccmex

IIYP""
LLC ,..

sm"
Fa'"

QIEN-nlAL:­

JIIPll-
sm-
CElE....
CBEC fB:·'
'ŒL-oa"f(::u

Srainara D

dIraaic aIcœol iaIaIœ may be mecfiatrd by a fullctional
dllficil iD _0IUüti1ÎC DeUmIrlIIIISmision. 1be evideDce re·
~iewed.dIDaP farframconclftlÏYe.sugesutbalda:n:ased
S-HT faDcrianiDl dIraup syadIesis iDbibition. posuynap­
lie aIIIqaIIism or DeUr'OIOXic 1esi0DinI leads ta increased
aImbo' iDIaIœ. A maapr œIIrionship bas beeD demon­
51DIed betwlCll iDI:reued ,-Kr fuac:tioning, tbrough up­
caIœ iJIbibiàal or nœpror apism. aad reduaions iD edl­
maliDlalœ.

By ..........anjsm(s) cio allaaDoas iD S-HT 1DDSmis­
siaa dia "ml iDIaJœ? la experimemal animais. de­
c:IaI.t s-HT fnncrimiDl~ dopamine (CA)-in­
cIaced 1. ",. 1CIivily, j ues aplonIIIOCy behavior
ad... paupeauitY ID ÏDlLispaa aIœnIaœ bebavioun wilheqJiaI-, bIIIavïaur. ...... P',njsbrnent-in+'Ced be­
bDicAalsappreuiaa. ÏDQ 1lapon Plinl farreward and
....e.auL ÛICrCIMiS foad iaIate aDd semai bebavi«. and
&nn... ........ (far , ebeusive reviews. see
5.... 1992; Sm'" 1916). r.:rcased saotOllalÏC fuDc­
riœrinl JadI CO die C"lUUX 01 dIese bebavian iD IllaDY
...... ScIaIIra (1916). iD_ review ofthe """"hanians
of..n rH' l' w.;""· ed aaiaIysis. arpes dia! die be­
baYiaaal • -fiesl lioasaflaw5-HTfimclinaiDleaidlough

P'Mm-YU"

Wholcbrain

Sninsœm

CerebeJlum

DiCDCel'll&lan
ümDicsysœm

Corpus miawnl

Ccretnlcana

conditions for a reswnption ofedlanol iDtake. 'N'Ide varia­
tion exists in the œsults of tbae studies due tG baween­
study differences in depencfent masures, doses ofedJaDoL
routes of etbanol admjnisuatiaa. iSse5S meat tiIIIes. species
and strains of animais. and tniD rqions emplo,ed. Rcli­
able differenc:es in serotoacqic fuactioDÎDg after edwIol
have been demonsmaœd acrass brain relions (Kempfec al
1985). rodent straiDs (Kemp{ el al 1990). and tiJœs of as­
sessment (Badawy aDd EVUIS 1976).

A recent review by Tabatoff aad Hoffman (1991) bas
reached conclusions simjlar tG tbosc above. ......y Ibal
Kure etbanol faciliwes seraraaerp: faŒbOlÙJll. Earüer
reviews. however. CODCluded dIal c:bmnic: ~I de­
creased S-Hr Nmover(Tab'kolfladHoffmaD 1913; Hoff­
man and Tabakoff 1985). Ceady eYidcDœ aists far boda
hypomeses. ElccuaphysiolOlical srudies œ die 6cIs of
acuœ and chmnic ethaDal on die firiDa rares ofsaC&GelpC
neurons projeetiDg ta diffaear braia rqioas may assist iD
clarifying whaber iDc:reascs iD '-Hf leYels aDd lInover
lead to inc:reascs iD neurDIDIIIIIIis lad iD wbich spe­
cifie brain regioDS.

Discussion
In mis review (partS oae aad two). il wu paopoad dia•

•
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• Table 10. SummaryafSbIdia...".piII&SeioIoDa'Iic FuacUoaïaliDSdeclivdy 8nId
Alc:ohol.PreferriJll Rodem SIr.IiDsaiœr~aadCIinmic EdwIoI Mminisnlian

TaaI~. EqaivaaU A8iJIIaj

Kypod1esls s1IIdics S8ppania1 Rdalinl no~ ..au)

Brain S-KTtcvcts i aM
:scuœETOH

BrainS·KTI~-cls 7' ~_
du'DmcETOH

Brain S-HIA.~ levds r *r
xuœETOH

Brain and CSF !.HL\A
!~ls ~ afœrdlrOftlc EJ'OH

BraitlS-HTP lc'-ds T afIB
acuœETOH

3 %HYP.
Ma.
COR"

lU-

1"

P

P:AAand
ANA
HADaad
LAD

AA:P

•

•

sunilar to those foUowing benzodïazepine aetminislralioa.
do not reflect anxiolysis. Instead. animais witb l~ S-HT
transmission are primarily impeUed 10 mate aerive DIGIOr

responses. Secondarily. me probable coasequeDœS of x­
tive responding are less importam iD canlr01liDl beDaviar'.
Oecreased S-Hr fune:tioDÏDg lowers rbe tbresbold for pas­
sivity or constraint tolerance. Soubrié Iikens loweœd S-RT
neurotranSmission to increased impulsiveness and ..aetiD&
out" behavior.

From an information processing paspeC1Îve.. S-HT scabï­
l.izes signal propagation in neural systemS. iDbibiIiDg im­
pingement of the neural system by exoaeaœs sipa1
sources unless they are ofsufficiemiIm=Dsityorpsycbolop­
cal relevance to the orgaaism (Spooat 1992). Oaœ die
signal gains access co the system. S-RI"coasnüIs ils ÏIIIa­
sity ta prevent ail overshoot in me SJSIeIIL CoasequeImy.
decreased serotonergîe fuDe:tioDiDg (1) inc:rases die SCIISÏ­

tivity ofa neural sysœm to pemubaIiaa by aop=aaas S1ÏIIl­

u1i such thal ilS ability ta maiDcaiDse1f~mzarjm is cam­
promised: and (2) inc:reases the propeasity far oversboOlof
other dynamie elements wilbiD me sysœm. l'be a.enbDat
outlined in (2) is manifesœd bebaviorally by <a) _ iuaease
iD the likelihood thal a given behaviar wiD 0CCIr aad aD
inc:rease in the magnitude of responcli:Dc (due tO _ iJap*­
ment ofS-Hr 5 negaDve feedback """"'l,riOll) (h) aslawer
reeovery tilDe of a behavicr iDitiaœd in die abseftœ of
S-HLS CODSU'3iDing action (Le_ die bebaviar penisIs
longer). and le} adecrease iD seasitivily ta eues dlllwaakl
a.aenuaœ the behavior.
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ID chis CODœXt. increases in edaDol ingestion subsequent
ta decreased seroconergic traIIsmission may be a conse­
quence ofan iacreased plOpensïly towards active respond­
ÏDI. Moreover. iD KCordaDœ widl Spoont's analysis. de­
c:reased '-HI fuDcdoDing may'" forpertUrbationofthe
aeural system by aD exogeaous Slimulus such as die pres­
mec of erhanol (l1li1 che upec ,.- 'Il of rewud assoc:iaœd
wi1b iES presaICe). Once me si..bas piœct access 10 the
system. djmjnjsbed S-HT funaWHsiUg allOW$ for an over­
sbool in sipal imeDsity and ia die easuring behavioral
response (inaasinl the mapiaJde Bd persistence of erh­
mol ingesoOll and dec:reasiDg die seasitivity of the orp­
Dism 10 eues dw could aaeDUIIe alcohol ingestion; for
uample. imemaJ eues ofsaIiely. caa fcr panisbmear asso­
c:Dœd wida aressive alcoboI cœsumption). Conwnely.
iDaeasiag senxoaeqic fUac:rioninc iabibits the impinge­
meatofmeaIaDIlstimulus(edalœl) on the neural system.
lIId iDcrascs seasilivity ofme animal tG eues dwaa.eauaœ
cdIaDol iapsâaa.

Coaauy tG Soabrié. wbo a-ipc a seconduy role 10

S-HT iD 1IIXiely. Otay ISCribes die ascel'diDI forebraiD ser­
OIlDUeIpC pIIIaways origi",rjnl ia Ibe dorsal and media
r8pbe nucJei ÏIl die nnSl'rissjm of sipl1s of punisbment
(pIiJDarily). aIII sipals of lesad ased in me cIeIec:Iion of
iUdewll'd (""'mdariJy).Iba&li.areme "bebavionl ÏDbi­
bicioD system" (BIS) (Depae -.d Spoom 1986: Grav
1982a.b). 1be BIS compila acmal widl expecœd S1imull.
1""',;"j"1 Ùl cllldciag mode UDIiI a mism'tcb belweea ac­
mal aad especad is detecœd arâe~~ is expecœd 10



•

•

•

he aversive. At this point die BIS is aclivaœd. iabibilÏDl
ongaing bebavior. increasinl"aIaasaL. and iDcrasiag aatal­
tion of the organism ta the eavirOiIment ta faaljrpte usess­
ment of the stimulus evem. Stimldï associued widl punish­
ment and fIUstrative nonreward. as weil as aaveI stimuli.
aaiVaIe the BIS. The 3ffective c:ane1aIes of iDcreased BIS
aetivity are fear (elicited by eues for p"uishmenr). frusn­
tion (elicited by cues for nOllre••d). aDd auicly (eliciœci
by novelty) (Depue anc:l Spoom 1986). NeuroaaaIamically.
me septohippocampal system aad ils ÎJIICI1C' NUitClions com­
prise the BIS. wim the hippocampas fuDClioaial- sâmuJus
comparalor (Gray 1982a). A secand "bebavical facilka­
tion system" (BFS) (Depue aad Spooat 1986) worts iD
concen wim the BIS. mobiliziDl die orp'"sm i.-o adive
engagement with the enVÏl'OlUlleftL lbe BFS. DeUrOaIWO­

mically locaœd in die mesolimbic. dopmi"C' lie sysœm.
directs unconditioned behaviour(c.... ealiDg. cfrinIring. su­
ua! responding. and sponraueous exploœory locomoIion).
as weil as conditioned behavior(bebaYÏOI'Ûl diepresenceof
eues for reward and nonpuJlÏs......) (Depue aad Spoont
1986: Gray 1982a).

Persistently low S-HT fuDe:tioaiDl may sbiftIbe BISJBFS
balance toward the BFS. such lbadie orpniSID abibits aD

increased responsiveness to sipals ofœwanl aad acmpun­
ishment and a dec:reasecl respcmsiveness ta sipals of pan­
ishment. nonreward and (possibly) aoveJty. JeadiaB to per­
sistent behavioral activation (Depue aad Spaant 1986).
De~ed serotonergic: fuœtiODÏllI impain me ftow of in­
formation within the BIS and lads ta bebaviaral impuJsi­
viIy througb activation of a hypeaeDSitive BFS. lDcreasect
serotonergic func:tionïng fKiliaar.es BIS ÏDfonnalÏOD pro­
cessing. leading to behavioral COIISIDÏDt in me appaopriaœ
stimulus conteXl$.

Antianxiety drugs (anxiolytic:s: nameJy berrmtiazepînes.
barbiturates. and alcobol) iDterfcre widl die proper fuDc­
tioning ofthe septobippocampalsysœmsucbIbanlle BIS no
longer inhibits behaviorunda'CC*ÜlÏonsoftbrat (eues for
punishment and nonreward) aad novelty (Gray 1982a).
Specifically. alcohol may disrupl die tnIISIDissiœl of eues
for punisbment and nonreward tnasIIIiued by saomnerzïc:
neurons. relieve the fearand aIIXiay eJic:ited by dIese stimu­
lus conteXts. and muse BIS-iMg rd bebavical suppres­
sion. This analysis impücs dia aIcobol impIiIs S-Kr
neurouansmission. consistellt wiIb previous œviews of
.preclinic:al studies conc:ludinl diaseraconerpebyperfunc~
tioning is associaœd witb auiely. aad tba decrasinl
serotonergic func:tioning re1ievcs lllXÏay StaICS (Scbrciber'
and De Vry 1993; Iversen 1984:<iardœt 1986).1'bïsllOlion
is difficult to reconcile widl the srcaad major,'-dmiODof
this paper. tIw: ac:uœ aacl cbroIIM: eIbaDol admjnjamion
increase serotonerzjc: neuroausmissiOlL Perbaps. as Soub­
rié (1986) argues. a reductiOD in S-HT U'aIISInissiœ is nci­
ther necessary nor sufficient to praduœ me aax:iaIy1ic el·
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feas al wiw'ÉCCY' cInIp. sadl as henzocfi"'r·" lIId
•......" la dIiI wray.......'·..·5 eftèc:u 011_ 5-Hr sysœm
_ i h i 1 m of ils d&as on aaxïely. The 'IW Il ' ..isms
dia lad. bebaYianl djsjnlblrilion alter aIcoboI aad afier
redaaic.ÛI'-Hrœaaoa'''mlissioD may iIIYOhe disânc:t
ueuaœal subsuaroes aad IICUI'OpSychological processes
(Saubrié 1916).ibis pasi"" is cleadyIlvariaDœwidl etw
ofOlay (19I2a).

AllaDÂvcIy. cm·.... may bave a bipbasie e&u aD ser.
oawape fiI",,"iiDI iDiIia1Iy iDcreasing dIal deaasiDg
.......... i6iiw. ,miUÏOlL 1be coDSeqUcllœs of elh­
...i...... ni Î1IiCI l LUS ia 5-HT fimaioainl appar ta iD­
voI_ aaivllila of .......Iimbic: cIopamiœrpc reward
syIfeIIl ('Ir..... Bozarda19l7). SerotOniD aadS.HrJ Ie­

cepDtap-S'inDJlmedleœJcase ofstriaIaletopemine. an
efl'ect1bllcaaœbIa IœdbyS-HT, amapnisa (B'andina et
al 1911). Falbamore:. s-HrJ IDtqODÎSlS bIoct abaftof­
;r-ed iIIa1a iD d 41 he re1case iD die .-Jeus K­

"1 "'as (C"'" Il al 1989; Yoshimoro Cl al 1992b).
S-HI', a ••paisa raay fallClÏon tG emnguish em.ml con­
.......ialnimals (OaIdcyet al 1988: TomkiasaDd SeU- .
as 1992:JIodpetal 1992;F.rdaetal 1991)andalcobolics
cr elal 1991) by illbibitiDllbe alcobol.i'"'nced tir-
ÛIIof 44; doI'em • ~ DelIIOns lDd blactiDl the·
œwa_ dfeCIs of&tivIIioa of Ibis padlway. TaIœn to­
pilier. dIac ilKliap sali"' tbat wim III iDdividul acuœ
dose. aIcaIIoI may ftnl far1iure serotoneIJic DtUiGUaDS­
'Di,.... srjmg'arinl die ....mjneqic: œward pllhway.
dIm dLc:a WiCXWEijÏC DeIIIOfJ2IISIIÙiOL ialfaing
widlBIS,.. , ...jnlaIMIladiDl ta behaviounl disiabibi­
tiaD. EWIaK:e for sudla bipMuc: effec:t ofaJcobolon S-HT
fmv!ioni beea DaIId prcviously <Badawy aad Evans
1976;M etalI985). 'DIe iDvolvemem ofOIberœuro-
IlUlSlllÏUIIS (..,..amiDobalyr acid [GABA). gll'gmare) in
aIccbol·s..-yIie: dfecll would modify dUs SUlly SOrDe­

wb&.ID~.acure aIcahol faciliwes ralbraiaCiABA
new_a , .ssjcwa (Na MOS (980). and aariamiely drags
ÎDCfC ac GABAeqic: jpMbjtjon of ncurons ÏD die raphe
(Ga"'"19'71).Fuadla...e.edlaDol dccreasa N-mcdlyl.
D-t1l_ca(NMDA)ret.MdCAZ·Sux. œclucinlaciWory
new_a i"iœ (l.oviII&uetal1989. 1990).1bas possi­
bleaawiuasaf5-HI'widlOABA and glu....sysœms
aeedtobe ·:fered....-.uptiD1 tOexplain1beanxio­
lydccffeasolak:aboI

Œ'ftinPy.law ... fuacUoDinI bas beeIl impli-
cm:d iD. IErof~symplOlIIS COiiWiGily sub­
SIIIIICdUllllla"dIe lUbric afil:apaileci impulseCOIIII'DI. iDclud­
ÏDI aga .VÏlF aad seIf-iajurious behaviar (iaduding
suic:idc) (r.cla&11990: .....CI 111990: Roy «al 1990).
SeacxœiA JiIœIy awti die propcnsity to iaIIibit active
rap c es sada dIII decI d seroIGIIerIic fuaf::lioDiDI
lads 10 i , 'cne "'" l' 1 (i.e.. tbc rade" Y taWw
acàve liS" r. ÏD"&CC.cucs dw normaIly sappress



sucb behavior. such as eues forpmjshmentaDd ••en.
Alcohol-dependent iDdividuals ofœa maDifesl 1lellavi0l'
cbaracteristic of impairecl impulsec:œll'Ol (e.g.. au ioa
suicide) (Unnoüaetal 1989: Roy IIIdLiDDoila191t;Royet
al 1987. 1990).Thuschronicalcobol~~
to be one ofa specuum ofbebaviareDd-poiDls' EeeeI by
low centralS-HT newotralWllissioa. From dûs pu , ive.
serotonin does not comrol alc:obol iDraIœ F sc. ..amer
the tendency 10 respond iD a panicuJar fasbian an- die
presence/absence ofcenaiD eDVÏIOnmeenw S1imuIi.

The difficu1ty iD iDœrprerial die diDica1 work . 'ine
the relationship between S-In' lDI1 ak:obol dette 7 lies
in separating the effeca of clIronic alcobol i&a7rlI_ tbe
serctonergic system from a puwivepremorbidsa aie
dysfunc:tion. A promisinC avemae _ fumn: i dl iJl.
volves the smdy of individuals Ilbip risk (ordiednelop­
ment of alcoholism by vinue of a family bisay fil die
disorder. The utility of Ibis pnpulMinft for saud,.. die
neurochemical buis of alcoboÜSDl is predicaœd _ die u­
sumption that a geame abnormality aisu in cIme-.wy
history positive (FH+) individuals .... subscqueldf lads
to maladaptive a1cobol inate iD me presCDCC ~ anaiD
environmental inftuences (most Doably. die aVla 7T , of
alcohol). As noœd in pan one of Ibis review. c6érpl daIa
suggest the existeDce of a sigDifie:aat gcnelÏc cOiilf • lit in
alcoholdependen~ .

A large liter.lDUe bas accumuIIœd OD me t? .ianJ.
psychophysiologicaL and copiùve cbaracœrisIicsafRl+
individuals. Subsequent to a review of die liIEa e 011

nonalcobolic sons of male aJc:obolic:s (SOMAs) (PId et al
1990a). Peœrson and Pibl (1990; PihI et al199Ob) 1aypJdJe­
sized mat SOMAs may have aD inIIereIIIeopiavecIysfimc:­
tion and/ordeficiency in serotonerp: func:ticmiDlladiDltO
physiological hypeneacùvity ta nove1ltbreaœDialeawiaon·
mental stimuli and syndromes of impaired bellaYioral
regulation (hyperaaivity. conduct disorder. amisocil' peI'.

sonality). In these iDcIivicluals.. ak:abol is acpIiwIJ reiD·
forcing" dampening the aawmomic b)penaaiVÏlJ(LcYa.
son et al 1987; Fum and Pihll917. 1988: fiDD etall990l
and alleviating the neptiveaffecâvesaaœ(i.e..DSieIy) lbIl
0CCU1"S on exposme 10 tbrearInovelty. SOMAs .., .-sa be
more susceptible to the~I qalilies of dt MI in­
gestion. as they evidem:e parerbuel;- iDcraSes ÏIIban
rate uncIer' aicohol compared 10 CGlm)is (Film .. Pibl
1987. 1988: Finn et al 1990). a pulllive iadic:nm 01 tbe
rewardingclwKœristicsofadnJl(VaseaDdBoZlllllI987;
Fowles 1983).1DthismodeL5-Hrmaymee:fÎIICi*, - e&oP.
cal reac:tivity and/or leneral bebaYiarallespoasiYïly1D ea·
vironmental stimuli. SOMAs haft beeD dIaia 'a-.I as
behaviorally disinhibited aJJdIoc impdIive (Sem' - r et

•
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111916; lCDop et al-Ige; ""er al 199Oa: SCC"PId et al
[199Oa) fora œview). As..ft et saOlOUtIIÎC fiIDc:IioDiDg
bas been uscriarrd widl ie 1 impulsivity".pa.
siYity (Brownet a11979Lb.. 1912: lasel et al 1990). dimiD­
isbcd saaIOIICI'IÏC fimc=rimm.-rUDderiie die bellavioral
clisinhibiâoa aaœdin SOMAs.

Fumre ra!Bcb sllould fGela .. die scraronalic fuac­
lioaiDI of fH+ iDdividuals.. iawsâpriDg plasma TRP"
IJ)pcupIIaa PJIIO.... CSF 5-RIAA ami plaœiet· '-HI"
biDdiq ..aœœrs. Seau . pœcwsor ad lIODÏStI
lIIIqOIIÎSC c:b'lIcnps wiIll*u.ide !unberiDf~ on
saua_llie faDcüoailll iD .... iadividuals.~y
wba vmaussIimuIus cmtinS ft are lIIaDipuJaœd (e.e­
eues for _sb.enc. iWiiie••cQ -.bsequat ta aearocbe­
lIIicaI alla..... Assam fil s.H'I' .....,Irqa iD
"""'ans sboaId be apptœ rmm maay differalleveJs
of analysis. iDdudiaC me icnL pbenomeDDlolicaL
barmoaaL biocIIemicd aad pijc&physiolopeaL Molecu­
Jar &eDeIics SGIdies may pi.. - die locus of die aeœac:
abaanaaJity iD me seRXCIIIeI1ÏC sJS1eiD ÏD alcobolism. The
plie for cryprapbaD oay... (pyrrolasc) iD m.."S bas
œccmIy beea 1cra1ized wida, 3 le implicaliODS for ser­
OIDDUPc flllaioaiDI iD ,L +s 5 li (ComiDp et Il 1991:
Cominp aad ComiDp 19!Q. Geaetie abDormaIi1ies iD
lrypCOpbIIl pynolase aetmty. TRP uprake acmss the
blood-bniD bIaier. aad U).....n bydroaeaue IICtivity
Ile podstaniDl points iD die --=Il forcaadidare aeaes in
1IKJ1a:uJa&eDeIics SQIdics. Fatcample. an abaonDa1ity in
die pDe c:odiDa fOI' mypIOpba bydmxylase bas œœndy
beeD lepcxœd Ïil aIcoboHc impulsive offeDdcrs. md bas
beCII nsocil. widl low CSF S-HIAA aDd suicidal al­

œmpu iD maciDdivicluals (Vnt\ MBD and LiDnoiJa 1993).
A mutllioft ÏIl die pue c:adiD& ..monoamine oxidase A
(MAOA) acIivity bas aIsa a- aaociared widl impulsive
agrtSSÏOII (8nuuleret al 1993).

To SIIIIIIDIIize. die clara ~ieLa::d here strongly iDdicaœ
dIatmeseaUlDDelp:~.mai'es erbaDol imaIœ as pan
a ... ae-al IOle ia die camrol of bellavioral
lI:IivaIioaIiaboa. Acutc ... cbroaie edlaDol iJIIaIœ fa­
émwaseroraaerpe ftlDc:ricwrinlu 1IDwever. a bipbasic eff'ect
of..m'naI is sagesœd.. widliDilillincleases ÏD S-HI"ncuro­
IftM·jmaa KliVIIÏDI rewmt _ways. and subsequent
dea:ea:ms ia 5-KI" DeWM a.mission affectiq BIS
faDcüaaiD&

o.a-a..Dr.M.D ci ..Dr..L dIne ,mous
.c••cuersfar.... .. daIIa oftbil 11ais WCIIk

_ Li ""''''MdaI' 'e-:üolc..... ,...pocu
IaFa - .0 ? sed"AidlalaR h'CbecluQuI6bK.
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S-HT aDd Ak:abot

RâcauiCCSCiœdiaTabla 1-10
1. 0àIa"19'71)
1. HiD"GaWIIDa.I97~'
3. L,....s.-.I9t2l
,.~"V...I_l
5. M;.n..ee.o.I9691
6. Opall""
1. V....M.... rI9'7Ol
L ac.o..HilU19'7Ol
9. fm,cuU 1"",,

10. M,,"T~U9m
Il. M,asaaUlml
11. Mwn CI973l
13 Ul91])
14. ~cllH)
.,. S_."Ut'm
Us. ......Il977l
17. ~~"-'(I992)
II. ~."n97$)
19. PartrlIr........(1976)
111. s.MIn.""t1I)
%1. "'IlII(l97.'
n. Myas.......CI""-)
%3. McIcIUer....,... (1976)
%4. p. , .....~(19'7I)

%3.EDiIoaIlIl(ltm
26. Plrwza"(I~
7:7. Itodftru-EâIIIlIia_F6IcoIo

(1911)

%1. OdIcrcu'Uml
3. 1_.IUI"n
JO. OMIIy.aln.al
31. T........SdIas(l992)
32. a-,,"Vopl(l99U
]]. Hadp_aUI"J)
U. MeIn..c-.CI992)
l'. ~"~II"I)
36. JCutIp........::::::ky<l99%l
37. Myasalln99Zl
3L Myms."U99J)
39. MeInc199Jl
40. ~cu'U""
41. S-_CCIUlm)
4 HigmI." (1992)
'J.~...ntl%l
... w .,n99Ol
.,. M,... ~CI993)

.. S~."(I993)
". DIouIaIlIl U992l
4 Hilln974\
". ~et.. n9lSl
n 1..M1l1I(1993)
!I.s,n.z.II(l972l
n. ..,...........Cl97!••
n. LuallC1992l
,.. a.u.etIUlm)
"- z.talUlt'7Il
56. Mibicll.(Ital
S1.e.-tIl"ClIt2l
,..~••Ul979l
59. 1.&--....nllll
c. A.-.II(I"
61. ~1l"(ltISl
62. l..IwI-.IlIl (1tM)
61. ~."n_'
61. OiII.II(I....
65. Hsnc UtlO)
66. n"l)
".~Il.nlft)
IL Opir&(II'72)
6t.SC-.alnt7!)
'71. .......n"..
71.~.alnln)

'72. M,....~n"n
73.........UtID
74.S_."""
7S. e:::am.....,...IRn
76. ~.aln_
77. 1CMfIt... . ,Cl9IOt
11. a-.alUII2I
". K ••lInWJ)
... ~."(11IZ1
Il.~.IIU_

11. ~'U1UI"'.'

a. c;.p..aI.l-'
... T - .aI(ltal
a. y..........~c.9I7)
..~..~CI972)
17.~...-..-CI973}
.. ~ClIIiA
•.~ T (I..)
......aa ...
fi. ar-.""."
t2. .......112I
9J. T - ."Ulta)
Mo alUml
9S. ..c...CI97S)
.. a. n...
97. a..alU.IM
IlL a. n.11I
91 (1.1••
1" ft ••alClMI
101. U ••1(1110)
1& 'S s_ ........

ICD.~."(I'"
101. ......, (1."
las. ...., 0.,.)

l''~.''(I'''107.......(1.-c.
l''~.aln''''
1 ...
.... -..... *;(1911)1.1 CI9lZl
112. IIIIC_
111 ...
Il 0"1&)
IlS. TE =5 .11(1992)
.... MdIIIiII nW2)
111 (1"1.,'
IlL~ n__)
Il'. r zIi 19I2)1" S ' • .,..th)
12L .........(...,
122. = ..AIIiIa.I"..
121~."(I'"
124.e-...(11IGt
125. '-..~clt5l)
126.. 2 2 .aI..t62l
127 11(19If)
l2L aI(lm,
12I CI97S)
1_ ....., (1976)
ul nm)
132. ~(lmJ
ln. GriIMII.II(19M'
1,.. F...w n"')
lJS. T "'.)
lJI. 1'IIIIIIIIlI'.aI'lf7SIt)
131. P 0 ,"'(19'71)131.,..... (1..
139. ·S. 2 • 1)
1 (1.1)
141. n - ..,....(lt6I)
14 -n--..n".
la.. ...... u j - (1"'''
1... T. ....r-cl"'.,
14 c::..Ii.IICltI7)
1& • 1 , nt'Ml
IG Utal
I o.., n-.
1"'. 0.., ..
lA $ •• fltal
UI.~ CI.n
lS2. T,.. ..,.Clt7!l
U1 ..~a-CI.n
154. o-U9l1)
19. a-CI...
U6. _.alCIIf))
lJ'7 ...
UI. 1CiIIiNIIA ltnI
ut alCI.-n
I.. V _coml
I.L~."(_
laa-"'Uj n~
la V aI.ltna)
161. V alUtfJe)
165. SiIIII Otl7)

32

.... Yi" ....191%1
1". f' • • ....... I993l

I.~"""(I"1.....CI...
•• ,....alnIIJI
171. fil ........ltI5l
1'72. • .6 ' Cl992)
111 c::....~CltI7l
114. o......
l1S. 1') .1Intnl.... ..'m-
11'7. F ...,...1,.. ......C19JI)
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2lS. ......(I_
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m ......... .....,c...
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211. .-.. ...., ......s. _
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Serotonin and Alcohol: Recent Developments

Since the previous two reviews were written and published

several years ago, it is necessary 10 update this information to illustrate

the present state of knowledge conœming $erQ1onin/alcohol

interrelationships. The following section will review the field

according to the hypotheses put forward in the previous two reviews.

PreçJjnical Experimental Studies

Qeaeasin& Seroton~cLevets (and Function): Inqeased Ethanol

Intake

In the second review <LeMarquand, Pihl, & BenkeHat, 1994b), the

mast consistent evidenœ supporting the notion that decreased

serotonergic synthesis and funetion leads ta increased ethanol intake

was found in studies using 5-HT neurotoxins ta lesion the serotonergic

system. Two additional studies demonstrate that neurotoxic lesioning

with 5,7-dihydroxytryptamine (5,7-DHT) increased ethanol preference

(Jankowska, Bidzinski, &r Kostowski, 1994; Wang, Shum, Lin, &r Wang,

1996). Two studies, however, found no changes in ethanol intake

following 5,7-DHT lesions; in the DRN and MRN in Sprague-Dawley

rats (Adell &c Myers, 1995), or in low alcohol drinking (LAD) rats (Adell

« Myers, 1996), a rat strain seledive1y-bred ta consume low levels of

alcohol (possibly due to higher levels of cerebral5-HI'). Additionally,

S,7-DHT lesions did not affect ethanol-induced mnditioned taste or

place aversions in rats, suggesting that central sero1onergic pathways

are not primarily involved in the aversive effects of high ethanol doses

(Bienkowski, Iwinska, Piasecki, &r Kostowsld, 1997). Adell and Myers
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(1996) suggested that 5-HT may play a raIe in the maintenance of the

basal intake of alcohol, but not necessarily in the consumption of this

fluid after 5,7-DHT lesioning.

Administration of 5-HTtA agonists bas generally been shown to

decrease ethanol consumption (LeMarquand et al., 1994b). 5-HTtA

agonists act on bath presynaptic somatodendritie autoreœptors as well

as post-synaptic receptors. Activation of presynaptic autoreœptors

might he experted to decrease serotonergic functioning (via inhibition

of presynaptie 5-m re1ease) and consequently inaease ethanol

consumption. Tomldns et al. recently confirmed that sma1ler, systemic

doses of 8-hydroxy-2-(di-n-propylamino)tetralin (8-0H-DPAn

(Tomkins, Higgins, &t Sellers, 1994), or locallow dose injections directly

into the MRN or DRN (Tomkins, Sellers, & Fletcher, 1994), enhaneed

ethanol (but not food or water) inta.ke in rats. The selective 5-HTIA

antagonist (+)-WAY100135 blocked this effect in the latter study.

Tomkins et al. proposed that the activation of somatodendritie 5-HTIA

autoreceptors reduced serotonergic functioning and increased alcohol

intake. Higher doses activate postsynaptie 5-HTlA reœptors, leading 10

the serotonin syndrome characterized by behaviors incompatible with

ethanol intake. That 8-OH-DPAT increased ethanol preference over

that of water or food suggests that ethanol had a particular ineentive

value (unrelated 10 calorie need), perhaps because 8-OH-DPAT

enhanœs the salience of certain stimuli by reducing the inhibitory

control of 5-HT over the mesolimbic and nigrostriatal dopaminergie

pathways (Fletcher &t Davies, 1990; Montgomery, Rose, & Herberg,

1991).

Interestingly, miœ engineered to lad the 5-HT18 reœptor

subtype (which are predominantly presynaptie auto- and

heteroreeeptors, perhaps functioning to inhibit neurotransmitter



•

•

•

release) displayed inaeased alcohol consumption, possibly reflecting

developmental compensations in serotonergic or other

neurotransmitter systems (Crabbe et al., 1996). 5-HTIB knockout miee

also showed reduced sensitivity to the rewarding effects of ethanol in

an ethanol-induœd conditioned place preference paradigm (Risinger,

Bormann, & Oakes, 1996), suggesting that ethanol eonsumption may be

increased in an attempt to activate subsensitive reward pathways.

Increasina Serotoner&ic Levels (and Function): Decreased Ethanol

Intake

The predominant finding that 5-HTlA agonists decrease ethanol

consumption has been confirmed in more reœnt studies (Hed1und &

Wahlstrom, 1996; Kostowski & Dyr, 1992; Mosner, Kuhlman, Roehm,

& Voge!, 1997; Svensson et al., 1989; Wilde & Voge1, 1994; Wilson,

Neill, & Costall, 1996). Higher doses of the 5-HrlA agonists 8-OH-DPAT,

ipsapirone, and buspirone antagonized ethanol-induœd locomotor

aetivity in miee without reducing locomotor activity per se (Blomqvist,

SOderpalm, & Engel, 1994). Reductions in ethanol intake following S­

HTlA agonist administration may be mediated through postsynaptic 5­

HTIA reeeptor activation, leading to inaeased S-HT neurotransmission

and inhibition of dopaminergic neurotransmission in the

mesolimbocortieal system (Blomqvist et al., 1994). Altematively (or

additionally), higher doses of 5-HT1A agonists may reduœ the

palatability of ethanol (Svensson, Fahlke, HArd, & Engel,1993), leading

to deaeased intake. Partial support for this mechanism comes from a

study in which systemic ipsapirone inaeased the duration of aversive

groomings following intraoral infusion of ethanol. In this study,

alcohol consumption remained unaffected, suggesting a dissociation
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between the palatability of ethanol (the negative, aversive effects) and

the ingestion of ethanol (the positive, hedonic aspects) (Fahlke,

Thomasson, Hârd, Engel, &t Hansen, 1994).

The picture becomes even more intricate when one accounts for

the following findings: in rats induced ta display a high preference for

ethanol via intraœrebroventricular QCV) injections of S,7-DHT (the 5­

HT neurotoxin), the 5-HTIA agonist 8-OH·DPAT did not reduœ ethanol

intake, while tropisetron QCS 205-930; 5-HT3 antagonist) did. This

suggests that the effect of 8-OH-DPAT depends on the neuroanatomical

integrity of the 5-HT system, and that the mechanism of action of 8­

OH-DPAT is on presynaptic receptors, whereas that of tropisetron is on

postsynaptic reœptors (Jankowska et al., 1994). In rats lesioned with ICV

injections of 6-hydroxydopamine, a dopamine (DA) neurotoxin,8-0H­

DPAT reduced ethanol consumption while the effect of tropisetron was

reduced, suggesting that brain DA neurons are involved in the

tropisetron-induced inhibition of etbanol intake, but not in the

antipreferenœ effect of 8-OH-DPAT (Jankowska, Bidzinsld, &t

Kostowski,1995).

It was hypothesized earlier (LeMarquand et al., 1994b) that 5-HT

antagonist administration would reduce 5-HT funetion by blocking the

5..HT binding ta post-synaptic receptors and çonsequently inaease

alcohol intake. It now appears that the predominant effect of 5-HT

antagonists is the opposite, a decrease in ethanol intake. The 5-HTz

antagonist ritanserin reduces ethanol intake (Lin &t Hubbard, 1994;

Panocka, Ciccocioppo, Polidori, & Massi, 1993; see also Oaudi et al.,

1997), an effect that may be mediated specifically by the nucleus

accumbens (and not the ventral tegmental area or the medial

prefrontal cortex) (panocka, Ciccodoppo, Polidori et al., 1993).

Ritanserin may cause DA release through the activation of 5-HTz
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(Panocka, Ciccocioppo, Polidori et al., 1993) or even 5-lIT3 (Panocka et

al., 1996) reœptors in the nucleus accumbens, activating reward

pathways and consequently deaeasing ethanol intake.

Sorne (McMi1len, Walter, Williams, &t Myers, 1994; Myers, 1994)

have suggested that 5-HT2 antagonism alone is not sufficient to reduce

alcohol intake, as the ~Hr2 antagonist amperozide reduœd ethanol

consumption, whereas the 5-HT2 antagonist trazodone did not.

Amperozide's additional actions (as a 5-Hr reuptake inhibitor, and a

compound that increases the extracellular concentration of DA in

nucleus accumbens) were suggested as neœssary to reduce ethanol

consumption.

Conœming the effects of 5-HT3 antagonists on alcohol intake,

there has been increasing interest in serotonergic/dopaminergic

interactions. In the previous review (LeMarquand et al., 1994b), the

data suggested that 5-HT3 antagonists may deaease alcohol inta1ce by

inhibiting the alcohol-induced firing of mesolimbic dopaminergic

neurons, thus blocking the rewarding aspects of ethanol. Further

research appears to support this hypothesis. Separate bilateral

microinjections of the 5-HT3 antagonists ondansetron and tropisetron

in the amygdala (Dyr & Kostowski, 1995) and bilateral injections of

tropisetron in the nucleus accumbens septi Q'anlcowska &c Kostowski,

1995} reduce ethanol intake in rats. 5-Hr3·antagonists also reduce the

ethanol-induœd increased extracellular leve1s of DA in various brain

regions (nucleus accumbens, ventral tegmental area) (Campbell, Kohl,

& McBride, 1996; Wozniak, Pert, Mele, &c Linnoila, 1991; Yoshimoto,

McBride, Lumeng, &c U, 1992). ln contrast, the 5-HT3 agonist l-(m­

chIorophenyl}-biguanide (CPBG) enhllnces extraœllular ventral

tegmental area DA, an effect abolished by the 5--Hr3 antagonist ICS 205-
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930 (Campbell et al., 1996). CPBG OCV and into the nucleus accumbens)

had no effect on ethanol intake in rats; whereas a second 5-H;r3 agonist,

2-Me-5-HT, reduced ethanol intake (Cyr ck Kostowski, 1991). The co­

administration of ethanol and CPBG enhanœs nucleus accumbens DA,

an effect blocked by les 205-930 (Campbell & McBride, 1995). As well,

the S-HT3 antagonist MDL 12222 reduced alcohol-induœd

hyperlocomotion, similar te the effect desaibed above following 5­

HTIA agonist administration (Rajachandran, Spear, &t Patia Spear,

1993). These data suggest that 5-HT3 antagonists reduœ the rewarding

effects of alcohol-induœd brain DA release. There are conflicting

reports, however Ousco et al., 1997); the 5-HT3 antagonists ondansetron

or les 205-930 did not modify ethanol-induced inaeases in locomotor

activity <Lê, Tomldns, Higgins, Quan, &t Sellers, 1997). Other studies

have shown that 5-HT3 antagonists do not mediate the stimulus

properties (Stefanski, Bienkowski, &t Kostowsld, 1996) or the aversive

effects (Bienkowski, Kuca, Piasecki, &t Kostowsld, 1997) of ethanol.

Reductions in ethanol intalœ following ondansetron are

sustained following chronie treatment (Tomkins, Lê, &t Sellers, 1995),

however one study found that bath single injections and b.Ld.

administration over blocks of five days of the 5-Hr3 antagonists

ondansetron, granisetron, and SC-51296 failed to alter the ethanol self­

administration in rats (Beardsley, Lapez, Gullikson, & Flynn, 1994).

The failure to find an expected effect of 5-HT3 antagonists on ethanol

consumption may be due to the fact that the animaIs in this study had

ta lever press according to an operant schedule for ethanol acœss (vs.

free choiœ paradigm) (Beardsley et al., 1994), (although an effect of the

5-HT antagonist les 205-930 on ethanol-reinforced behavior has been

found in a previous study (Hodge, Samson, Lewis, &: Erickson, 1993».

48



•

•

•

The inhibition of ethanol intake by 5-HT antagonists may be

dose dependent. In general, higher doses have 100 to deaeased (or

unchanged.) ethanol consumption (Rockman, Anüt, Brown, Bourque,

& 6gren, 1982; Weiss, Mitchiner, Bloom, & I<oob, 1990). Lu, Wagner

and Fisher (1994), however, found increased ethanol and water intake

in male rats in two of three experiments after low doses of

methysergide. Methysergide also separate1y reversed fenfluramine- and

fluoxetine-induced decreases in ethanol consumption (Lu et al., 1994).

This effect may be explained by ~HT3 antagonism of post-synaptic

receptors leading to decreased s-m functioning. Note that this dose

effect mirrors that found by Tomkins, Higgins et al. (1994) conœrning

5-HTtA reœptors.

In addition to serotonergicldopaminergic interactions,

serotonergic/opioidergic interactions in the regulation of ethanol

intake have also been explored. High doses of tropisetron attenuated

morphine-induœd increases in ethanol intake (Hodge, Niehus, &

Samson, 1995), and smal1 doses of ondansetron and naltrexone,

ineffective when administered alone, suppressed alcohol intake when

co-administered to mice and rats (Lê & Sellers, 1994).

A number of studies reviewed earlier CLeMarquand et al., 1994b)

demonstrated that 5-HT precursor administration deaeases ethanol

intake. Zabik, Sprague, and Binkerd (1994) confirmed that initial

decreases in ethanol intake after 5-hydroxytryptophan (5-HTP) were

due to the central effects of 5-HT, as xylamidine, a peripheral 5-HT

receptor antagonist, did not attenuate the 5-HTP..induced decreases in

ethanol intake, whereas methysergide, a centrally-aeting s..HT

antagonist (with some peripheral actions) did. Xylamidine attenuated.

the persistent refusai to· drink ethanol following 5-HTP treatment,

suggesting the development of a peripheral conditioned taste aversion
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(zabik et al., 1994). Direct injection of 5-HT into the paraventricu1ar

nucleus of the hypothalamus (in~olved in regulating ingestive

behavior) did not reduce basal ethanol intake in rats, but did attenuate

an NE-induced increase in ethanol intake (Hodge, Slawecki, & Aïken,

1996).

The importance of peripheral factors mediating ethanol intake

was underscored in a study that found reductions in ethanol intake via

systemic injections of the metabolites of serotonin (5-HIAA and S­

hydroxytryptophol, or 5-HTOL) in male rats <Messiha, 1918).

Furthermore, 5-HTOL increased liver alcohol dehydrogenase,

suggesting greater availability of hepatic alcohol dehydrogenase for the

metabolism of ethanol.

Selective serotonin reuptake inhibitors (SSRIs) were found to

reduce alcohol intake consistently in a large number of studies (Gulley,

McNamara, Barbera, Ritz, & George, 1995; LeMarquand et al., 1994b).

Recent work suggests a mechanism for SSRI-induced decreases in

ethanol intake in rats: fluoxetine and paroxetine (administered

separately) substituted for the discriminative stimulus effects of

ethanol (Maurel, Schreiber, &c De Vry, 1997). Ethanol excites putative

DA neurons in the ventral tegmental area; both 5-HT (Brodie,

Trifunovic, & Shefner, 1995), and the SSRI clomipramine (Trifunovic

& Brodie, 1996), can potentiate this ethanol-induœd excitation,

suggesting that SSRIs may reduce alcohol intake by activating DA

reward pathways. The selective 5-HT2A antagonist MDL 100,907blocked

the substitution of fluoxetine, whereas the selective 5-mlA receptor

antagonist WAY-100635 had no effect, suggesting that the stimulus

similarities may be mediated by 5-HT2A reœptor stimulation (Maurel et

al., 1997). Not unexpectedly, ~administrationof the 5-HT

releaserIreuptake inhibitor fenfluramine and the DA agonist
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amphetamine reduœs alcohol consumption in alcohol-dependent and

alcohol-nondependent rats (Yu, Fisher, Sekowski, &t Wagner, 1997).

Serotonergic Functionini in Selectively Bred Alcohol-Prone Rodent

Strains

In the earlier review (LeMarquand et al., 1994b), it was noted that

studies on the alcohol-preferring AA and nonpreferring ANA rat lines

in general found few differenœs in indicators of serotonergic

functioning, while studies on the P and NP rat lines found robust

differenœs. Recent studies confirm this state of affairs, while not

providing an adequate explanation. Kiianmaa, Nurmi, Nykinen, and

Sinclair (1995) found no group differenœs in concentrations of brain 5­

HIAA in AA versus ANA rats, and no ethanol-induœd changes in 5­

HIAA levels in the nucleus accum.bens. No differenœs in the density

of 5-HT2A receptors in various brain regions of AA rats compared to

ANA rats have been found as wel1 (Occodoppo, Ge, Bames, &r Cooper,

1997). In contrast, high alcohol-drinking adult male rats from the F2

generation of PxNP interClOSses had lower concentrations of nucleus

accumbens 5-HT and 5-HIAA (as weIl as DA), with no differenœs in 5­

HT or 5-HIAA in the frontal cortex, anterior striatum, or hippocampus

(McBride, Bodart, Lumeng, &t Li, 1995). Recent reports demonstrate

significantly lower densities of 5-HTlS, 5-HT2, and 5-Hr2A receptors,

higher and lower densities of 5-HTtA reœptors, higher densities of 5­

HT2C receptors, no diHerences in 5-HT3 reœptors, fewer 5-HT­

immunostained neurons and lower 5-HT fiber density in a number of

brain regions of alcohol-naive alcohol-preferring Prats compared to

nonpreferring (NP) rats (Ciccodoppo et al., 1997; McBride, Chemet,

Rabold, Lumeng, &t li, 1993; McBride et al., 1997; McBride, Guan,
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Chemet, Lumeng, & Li, 1994; Pandey, Lumeng, .st Li, 1996; Zhou,

Bledsoe, Lumeng, & Li, 1994; Zhou, Pu, Murphy, Lumeng, & li, 1994).

Taken together, the results suggest a loss or lack of development of S­

lIT neurons/fibers and!or lower levels of 5-HT in certain brain regions

of Prats, leac:iirig 10 fewer S-HT2 reœptors or deaeased formation of S­

HT2 sites, an up-regulation of S-IITIA postsynaptic receptors and fewer

S-HTlA autoreceptors. Changes in indicators of sero1onergic

functioning have similarly been noted in other alcohol preferring

rodent lines CCiccocioppo, Panoclca, Stefanini, Gessa, k Massi, 1995;

Deckel, Vavrousek-Jakuba, & Shoemaker, 1995).

As 5-HT receptor antagonists reduce ethanol consumption in

unselected rat strains, they also do 50 in alcohol-preferring rat lines.

The S-HT2 antagonist amperozide (Lankford, Bjôrk, & Myers, 1996;

McMillen & Williams, 1995; Myers & Lankford, 1996; Myers, Lankford,

& Bjork, 1993), and s-m. antagonist GR113808 (Panocka, Ciccocioppo,

Polidori, Pompei, & Massi, 1995) reduced ethanol consumption in

alcohol-preferring rats, as did the combination of amperozide and the

opiate reœptor antagonist naltrexone (Lanlcford & Myers, 1996). In

contrast, there have been two studies which did not find an effect of the

5-HTIA agonist ipsapirone <McMillen & Williams, 1995) or the 5-

Hr2A/2C antagonist ritanserin (Panocka, Cicc:ocioppo, Pompei, & Massi,

1993) on alcohol intake in alcohol-preferring rat lines. A lower,

subchronic risperidone <5-HT2/D2 antagonist) dose which produœs 5­

RT2 antagonism but low D2antagonism did not reduce ethanol

preference in sP rats, but a higher risperidone. dose (which prod~œsD2

antagonism) did (Panocka,Occocioppo, Pompei, et al., 1993), 5uggesting

that involvement of the· DA system is neœssary for a reduction of

ethanol intake by 5-HTz antagonists.

52



•

•

•

A number of nove! drugs with affinities for bath 5-HTlA and 5­

HT2 receptors attenuate ethanol drinldng in high alcohol-drinking rats,

such as FGS974 and FGS865, mixed 5-HrlA agonist/5-HT2A antagonists

(Lankford et al., 1996; Long, Kalmus, BjOrk, & Myers, 1996). FG5893, a

drug with similar affinities as FG5974, suppresses drinking in

cyanamide-treated rats but had no effect on alcohol intake in Prats,

possibly due to differences in the pharmacokinetics of the two drugs

(Lankford et al., 1996). FG5938, also with affinities for 5-HTIA and 5-

HT2A receptors, decreased ethanol intalœ and paradoxically increased

food intalce in Prats (Piercy, BjOrk, & Myers, 1996).

An amino add mixture devoid of tryptophan (the amino acid

precursor of 5-HT) did not alter volitional alcohol intake in moderate

to high alcohol drinking/preferring vervet monkeys, relative to the

control amino add mixture (Palmour, Ervin, &t Young, in press),

consistent with the studies on healthy male humans (Pihl, Young,

Ervin, & Plotnick, 1987). On the other band, an amino add mixture

devoid of phenylalanine and tyrosine (the amino add precursors of the

catecholamines DA and NE) decreased ethanol intake relative ta the

control mixture (Palmour et al., in press). Finally, as might be expected,

SSRIs also reduced ethanol intake in alcohol-preferring rats

(Kampov-Polevoy & Rezvani, 1997; Rezvani & Grady, 1994).

In summary, studies with rat lines bred to be alcohol-preferring

or high alcohol drinking animals continue to reinforœ the notion that

lowered serotonergic functioning is causally implicated in alcohol

drinking. Particularly compe11ing are the many studies showing defects

in the serotonergic system in alcohol-naive P alcohol-preferring rats.
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Effects of Ethanol on Central Serotoner&ic Neurotransmission

In the second review (LeMarquand et al., 1994b), it was

concluded that acute doses of ethanol transie:ntly inaease serotonin

levels and the function of serotonergic neurons in animais. With

chronic administration, the increase in serotonergic functioning

appears to attenuate. Studies continue to show that ethanol

administration inaeases serotonergic levels (Alari, SjOquist, &

Lewander, 1987; Jarman, PattichiS, Peatfie1d, Glover, &t Sandler, 1991;

Portas, Devoto, & Gessa, 1994; Yan, Reith, Jobe, &t Dalley, 1996) or

receptor function (Barann, Ruppert, Gothert, &t Bonisch, 1995).

However, there have been an equal number. of studies that have found

no effect (Beek, Eriksson, I<iianmaa, &t Lundman, 1986; Gil-Martin,

Colado, Femandez-Lopez, Femandez-Briera, & Calvo, 1996) or

decreased levels (Gil-Martin et al., 1996; Wang, Wei, &t Sun, 1993) of S­

HT and it metabolites in various brain regions following acute or

chronie ethanol administration. As well, no effect ~u &t Frye, 1996) or

decreased (Pistis, Muntoni, Gessa, & Diana, 1997; Sànna,
Dildy-Mayfield, & Harris, 1995) funetioning of the various aspects of

the S-HT system following acute or chronic ethanol have been noted.

Achieving a comprehensive understanding of the effects of ethanol on

5-HT levels is difficult due to between-study variation in the

parameters studied, ethan~l doses, brain regions, rat strains, etc.,

variables that clearly have an impact (Selim & Bradbeny, 1996). A

comprehensive understanding of the effect of alcohol on serotonergic

funetioning may only be obtained by accounting for these complexities.

Pandey and associates (Pandey, Davis, & Pandey, 1995;·Pandey &

Pandey, 1996) have extensively investigated the effect of ethanol on S­

HT receptor numbers and functioning. In general, acute ethanol had
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no effect on the maximum num~ of binding sites (Bmax) or the

affinity (dissociation constant, Kct> of 5-HTIA or 5-HT18 reœptors in

various brain regïons (Pandey, Piano, & Pandey,"I996; RilIœ, May,

Oehler, & WolHgramm, 1995). Chronic ethanol appears ta ina"ease the

density of 5-HT18 and 5-HTle reœptors in some brain regions, with no

changes in 5-HTIA or 5-Hr:z reœptor parameters (Pandeyet al., 1993;

Pandey, Piano, et al., 1996; Pandey, Piano, Schwertz, Davis, & Pandey,

1992), suggesting an u~regulationof some 5-HT reœptor subtypes

following chronie ethanoI, possibly due °10 decreased 5-HT reIease. This

interpretation is supported by the fart that 5-HT-stimulated [3H]inositol

1-phosphate formation is increased following chronic ethanol as weIl

(Pandey et al., 1993).

The hypothesis that chronic ethanol may up-regulate some 5-HT

reœptor subtypes is supported by a study investigating the 5-HT3

reœptor and DA interactions (Yoshimoto et al., 1996). In chronic

alcohol-treated rats, perfusion of ethanol into the nucleus accumbens

increased' the extraœllular leve1s of DA, compared ta contrais.

Perfusion of the SSRI sertraline into the nucleus accumbens enhanœd

the extraœllular leve1s of 5-HT in both chronic alcohol-treated rats and

controls, but incremented ethanol-induœd DA release in chronic

alcohol-treated rats alone. Similarly, perfusion of the 5--HT3 receptor

agonist 2-methyl-5-HT (2-Me-5-HT) a1so enhanœd extracellular DA,

with a greater magnitude of DA in chronic alcohol-treated rats.

Ethanol-induced 5-HT release was inhibited in alcohol-treated rats. The

authors concluded. that chronic alcohol intake increases the sensitivity

of 5-HT3 reœptors, 5-HT3 reœptors regulate DA release in the nucleus

accumbens, and that dopaminergic neuronal systems associated with

the 5-HT3 ionophore in the nucleus accumbens are upregulated alter

chronic alcohol (Yoshimoto et al., 1996).
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Conceming the withdrawal of chromc ethanol, it was roncluded

in the second review paper (LeMarquand et al., 1994b) that serotonergic

functioning may be deaeased due ta the loss of the facilitating eHects of

ethanol. This bas reœîved some support in reœnt studies. Rats that

experienœd key jingling-induœd seizures following chronic ethanol

withdrawal had lower levels of striatal 5-HT compared to those rats

who did not seize <Mirovsky, Wagner, Sekowski, Goldberg, &t Fisher,

1995). Joint administration of amphetamine (DA agonist) and

fenfluramine (5-HT releaser and uptake inhibitor) prevented seizures

during ethanol withdrawal, and reduced intake of ethanol during and

immediately following ethanol withdrawal (Mirovsky, Yu, et al., 1995).

An increased density of 5-HT18 receptors, a deaeased the density of 5­

RT2 receptors (Pandey, et al., 1992; Pandey, Piano, et al., 1996), decreased

5-HT-stimulated (3H)-IP1 formation (Pandey, et al., 1992), deaeased 5­

HT neuron firing rates (Pistis, et al., 1997), and decreased brain

tryptophan and S-HT synthesis and turnover (possibly due ta increased

tryptophan pyrrolase activity) (Bano et al., 1996; Oretti et al., 1996) have

al! been noted following the withdrawal of chronic ethanol. These

studies suggest that serotonergic funetioning may be lower following

during ethanol withdrawal, possibly motivating the resumption of

drinking. This hypothesis has reœived sorne direct support: chronic

ethanol self-administration increased bath DA and 5-Hr release in the

nucleus accu.mbens of non-alcohol dependent rats; withdrawal

suppressed the release of bath neurotransmitters; and reinstatement of

ethanol self-administration reinstated DA release at prewithdrawal

levels, with 5-HT levels reeovering somewhat later (Weiss et al., 1996).
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Qjnical Studies

The concentration of 5-HIAA in the CSF is widely considered ta

be a relatively direct measure of brain 5-Hr levels in humans. In the

previous review CLeMarquand, Pihl, & Benkelfat, 1994a), a number of

studies found lower levels of CSF 5-mAA in alcoholics relative to

contrais. Reœntly, it was demonstrated that early-onset alcoholics

(excessive alcohol consumption before age 25) have low CSF 5-mAA

levels (with no differenœs in CSF the DA metabolite homovanillic

add [HVAl, the NE metabolite 3-methoxy-4-hydroxy-phenylglycol

[MHPGl or tryptophan levels) compared to late-onset alcoholics,

further supporting the notion that a particular subgroup of alcoholics

may he characterized by reduced central serotonergic turnover

(Fils-Aime et al., 1996; see also Higley, Suomi, & Unnoila, 1996a for this

relationship in primates). CSF levels of metabolites and precursors

were not different between alcoholics with alcoholic fathers 2!

alcoholic mothers compared ta the rest of the sample, but those

alcoholics with bath alcoholic fathers and mothers had lower CSF 5­

HIAA, HVA, and tryptophan. In one additional smaller study,

Kaakkola, Tuomainen, Mannisto, and Palo (1993) found no differences

in the CSF 5-mAA in eight alcoholic men with ataxia relative ta

individuals with late onset œrebellar ataxia and contrais.

In one study investigating precursor levels, serum free

tryptophan was higher in abstinent alcoholics compared ta controIs,

regardless of age of onset of alcoholism, family history of alcoholism or

sociopathic traits, suggesting a greater tryptophan availability for brain

uptake (Farren & Dinan, 1996). A large number of studies suggest the

opposite, however (LeMarquand et al., 1994a).
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Lowered CSF 5-HIAA in alcoholics may be a consequence of

neuronalloss due to alcohol use or other factors. Postmortem,

alcoholics with various neurological disorders <Wemicke's

encephalography, Korsakoffs psychosis) had significant serotonergic

neuronal loss in the midbrain, pons and medullary regions (in the

order of 8~90%) (Halliday, Ellis, Heard, Caine, &t Harper, 1993), as well

as in the median raphe (Baker, Halliday, Kril, &t Harper, 1996b).

Conversely, there was no evidence of neuronalloss in the dorsal

(Baker, Halliday, I<ril, &t Harper, 1996a) or median (Baker et aL, 1996b)

raphe nudei of chronie alcoholics without Wemicke-Korsakoff

syndrome or cirrhosis compared to controls. These findings suggest

that alcohol alone is not suffident ta cause neuronal loss in the raphe

nuclei, and that thiamine defidency may partly conbibute to

serotonergie neuronal loss. These results underscore the need to

consider the impact of Wemicke-I<orsakoff syndrome in studies of

serotonergic funetioning in alcoholics.

An inaeasingly popular paradigm for investigating 5-HT

receptor functioning involves administering a serotonin agonist and

measuring its effects on neuroendocrine hormones (Yatham Ik Steiner,

1993). Serotonin stimulates the re1ease of

hypothalamie/pituitary/ adrenaI (HPA) axis hormones (cortisol,

adrenocorticotropie hormone and growth hormone) and prolactin

(PRL) (Tuomisto & Minnîsto, 1985). At least four serotonergic receptor

subtypes, 5-HTIA, 5-HT2A (previously the 5-HT2), 5-HT2C (previously

the 5-HTlcl, and 5-HT3 are involved in stimulating the secretion of

these hormones (Jergensen, Knigge, le Warberg, 1992; Lee, Nash,

Barnes, & Meltzer, 1991; Lesch et al., 1990; Levy & Van de Kar, 1992). In

general, the majority of studies have demonstrated blunted hormonal

responses (primarily PRL) ta various 5-HT agents, induding MK-212 (a
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5-HT2A/5-HT2C agonist) (Lee & Meltzer, 1991), mCPP

(Buydens-Branchey, Branchey, Fergeson, Hudson, & McKemin, 1997a),

sumatriptan (a 5-HTID agonist) (Coiro & Vescovi, 1995; Vescovi &

Coiro, 1997), fenfluramine (Balldin, Berggen, Engel, &t Eriksson, 1994),

and L-5-HTP (Lee &t Meltzer, 1991), in alcoholics compared ta controls.

Predictably, there have been a number of negative results (Lee &r

Meltzer, 1991; Balldin, Berggen, Engel, &r Eriksson, 1994; Handelsman et

al., 1996), induding no differences between type 1 and type 2 alcoholics

and controls on hormonal responses following a single-blind, non­

placebo controlled challenge with c1omipramine, a relatively selective

5-HT reuptake inhibitor (George et al., 1995). Overall, these studies

suggest subsensitive functioning of hypothalamie 5-HT2A/5-HT2c (and

possibly 5-HT1A) reœptor subtypes in alcohol dependent individuals,

possibly a neurophysiologie consequence of chronie alcohol use.

Interestingly, Lee and Meltzer (1991) noted that three of the

fourteen alcoholics in their study reported an "alcohol-like" effect after

MK-212, similar to the "high" feeling following mCPP (but not placebo)

administration reported in alcoholics (Buydens-Branchey et al., 1997a),

particu1arly type 2 alcoholics (Benkelfat et al., 1991; George et al., 1997).

This effect bas been replicated and extended: mCPP (a mixed 5-HT2c/D

and 5-HT2A agonist) but not yohimbine (an Œ2-adrenergie reœptor

antagonist) or placebo was rated as more similar to the effects of

ethanol, cocaïne and marijuana in alcohol dependent men (Krystal,

Webb, Cooney, Kranzler, & Chamey, 1994). This effect appears to be

related ta either an inaease (Krystal et al., 1994) or deaease

(Buydens-Branchey et al., 1997a) in craving for alcohol in alcoholics

following mCPP. No change in aaving is reported following

yohimbine or placebo (Krystal et al., 1994). Stimulation of 5-HT2A/5-
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HT2C reœptors may produce the disaiminative properties of drugs of

abuse in humans and he involved in craving for alcohol.

Another novel method of assessing serotonergic functioning has

been put forward by Hegerl et al. (1993). They suggest that the response

pattern of primary auditory mrtiœs to auditory stimuli of differing

intensities depends on the level of central 5-HT neurotransmission,

such that a pronounced amplitude increase with increasing auditory

stimulus intensity indicates low 5-HT neurotransmission, and vice

versa. Alcoholics (abstinent for one week) with strong antisocial

tendendes showed a stronger intensity dependenœ of their evoked

responses from primary auditory rortiees rompared ta alcoholics with

fewer antisocial tendencies, which was not related to age of onset of

alcoholism or family history (Hegerl, Upperheide, Juckel, Schmidt, &

Rommelspacher, 1995). This suggests that the former group may he

characterized by serotonergic hypofunction (and provides support for

the notion of low S-HT functioning in type 2, antisocial alcoholics

specifically). A nonalcoholic control group was not included in this

study (Hegerl et al., 1995). This intensity dependenœ is reduced when

alcoholics are tested in an intoxicated state, and is reduced in healthy

individuals after ethanol challenge (Regerl, Juclcel, Schmidt, &

Rommelspacher, 1996), consistent with the idea that alcohol has 5-HT

agonist effects.

Clinical treatment studies using SSRis continue ta demonstrate

modest therapeutic gains in alcoholic individuals (Balldin, Berggren,

Engel, Eriksson, Hlrd, et al., 1994; Balldin, Berggren, Bokstrom, et al.,

1994; Cornelius et al., 1993; Gerra et al., 1992; Naranjo, Bremner, &

Lanetôt, 1995; Naranjo, Poulas, Bremner, & LanetOt, 1994). Fluoxetine

reduced the number of drinks consumed in alcoholics with a parental

history of alcoholism (Gerra et al., 1992), congruent with the notion of a
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serotonergic abberation in familial alcoholism. Serotonin agonists and

antagonists are also effective in treating alcoholics. The 5-HTlA agonist

buspirone (I<ranzler et al., 1994) in anxious alcoholics, the 5-HT2

antagonist ritanserin (Naranjo et al., 1995), and the 5-HT3 antagonist

ondansetron (Sellers et al., 1994) aIl had modest positive effects on

alcohol-related outcome variables, with ritanserin showing somewhat

less efficacy. Ondansetron-induœd reductions of alcohol intake in

alcoholics may be mediated through an enhancement of the

discriminant effects of alcohol, as ondansetron augmented selected

stimulant, sedative and subjective effects of alcohol in social drinkers

(Swift, Davidson, Whelihan, &c Kuznetsov, 1996).

A number of studies show no effect of SSRIs on alcohol-related

outcomes in alcoholics, however (Kabel &c Petty, 1996; Kranzler et al.,

1995; Ktanzler, Del Boca, Komer, &c Brown, 1993). For example, type B

alcoholics (roughly analogous to type 2 alcoholics) treated with

cognitive-behavioral therapy and fluoxetine, did poorer on drinking­

related outcomes at plsttreatment (but not at follow-up) than those

treated with cognitive-behavioral therapyand placebo (I<ranzler,

Burleson, Brown, &c Babor, 1996). As outlined above, animal studies

have suggested that SSRIs may substitute for the discriminative

stimulus effects of ethanol (Maure! et al., 1997). In a small study,

however, the SSRI zime1idine had no effects on ethanol-induced body

sway and subjective effects in healthy men (Scott, Fagan, &r TipLady,

1982).

In the previous review (LeMarquand et al., 1994a), alterations in

platelet 5-HT levels in alcoholics had been found, however the

significanœ of these findings was unclear. Recent studies shed little

light on this subject. Platelet 5-HT levels during withdrawal from

alcohol and after two weeks' abstinence were significantly lower in
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alcohol abusing and dependent individuals versus controls. These

results were interpreted as reflecting the biphasic effect of alcohol on 5­

HT levels (chronic alcohollowering ~HT levels) (Bailly et al., 1993).

Additionally, serotonin uptake in human peripheral blood

lymphocytes was found to be higher in abstinent alcoholics compared

to controis (Faraj, Olkowsld, &t Jackson, 1997), consistent with the

notion of decreased synaptic availability (LeMarquand et al., 1994a).

Finally, platelet >HT2 reœptor functioning was unaltered in abstinent

alcoholics relative to controls (Reist et al., 1995), consistent with

previous work (LeMarquand et al., 19948).

Summary

Clearly, low serotonin is implicated in alcohol intake and

dependence. A number of mechanisms have been proposed to explain

this relationship. Alcohol facilitates ~Hr3 reœptor-mediated increases

in DA in the nucleus accumbens, a neuroanatomical pathway

putatively involved in the rewarding aspects of psychoactive drugs

(Wise & Bozarth, 1987), suggesting that the 5-HT system may indirectly

partidpate in the rewarding properties of ethanol. A more generaI

mechanism has been hypothesized involving an alteration in signaIs

for satiety following manipulation of serotonergic functioning.

Additionally, a generaI effect of low central serotonergic functioning on

locomotor activity has been proposed.

Soubrié (1986), following an extensive literature review,

concluded that low 5-HT functioning disinhibits behàvior typically

suppressed by threat of punishment or nonreward. Similarly, Gray

(1982) reviewed the experimentalliterature, demonstrating that

serotonergic antagonists reverse punishment-induced response
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suppression, an effect most likely mediated at hippocampal

serotonergic terminais. Conversely, serotonergic agonists produœ

behavioral suppression. Gray thus implicated the asœnding

serotonergic pathways originating in the raphe nuclei in the

production of behavioral inhibition in an animal exposed to aversive

stimuli (Gray, 1982). The reduction in response suppression seen in

animais with impaired forebrain serotonergic funetion is not due to a

10ss of sensitivity ta the primary aversive reinforcer (pain sensitivity

can even be increased), but appears ta be due ta a general increase in

motor disinhibition, as evidenced by increases in motor activity (under

certain conditions, such as exposure to a novel environment [bright

lights and noise», hyperaetivity to mild tactile stimuli, aggressive

responding following foot-shock, and increased open-field ambulation.

Interference with forebrain serotonergic systems has a less consistent

effect on behavioral inhibition induœd by non-reward; Gray impücated

the dorsal noradrenergic bundle in the transmission of signals of

reward used in the detection of non-reward (Gray, 1982).

This leads us to the general hypothesis tested in this thesis: that

the effects of low serotonin on alcohol intake may be mediated by an

increase in disinhibited behavior in certain susceptible individuals. In

this model, a genetic predisposition in individuals at risk for alcohol

dependence may be expressed through low serotonergic funetioning,

contributing to that individual's propensity to respond, under certain

stimulus conditions, in a disinhibited, impulsive fasmon, and

ultimately predisposing the individual ta increased alcohol intake and

alcoholism.

One group that is at an inaeased risk for developing alcohoüsm

is nonalcoholic young men with a family history of alcoholism, for two
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primary reasons. First, alcoholism is more prevalent in men than in

women. The lifetime prevalenœ.of alcohol abuse in males is 12.5%; in

females 6.4%. For alcohol dependence, the respective prevalences are

20.1% and 8.2%, respectively. Twelve-month prevalenœs for alcohol

abuse are 3.4% and 1.6% for males and females, respectively; for alcohol

dependenœ 10.7% and 3.7% (Kessler et al., 1994). Thus, the prevalenœ

of alcohol dependenœ is anywhere from 2 to 3 limes higher in men

than in women.

Second, genetic evidenœ suggests that a highly heritable subtype

of alcoholism may he limited ta males. 5tudies conœming the genetics

of alcoholism are reviewed briefly be1ow.

A Brief Review of the Genetics of Alcoholism

Ample evidence suggests that alcoholism is partly genetically

determined. Twin studies compare monozygotic (MZ) and dizygotic

(DZ) twin pairs with the expectation that former will he more

concordant for a behavior or disorder than the latter, as MZ twins share

100% of their genes while DZ twins share, on average, 50%. Some

studies report the heritability (h2) of a charaeteristic, defined as the

proportion or percentage of variance attnbutable to genetic factors.

Twin studies demonstrate that, by and large, MZ twins are more

concordant for alcohol abuse or dependenœ than OZ twins (Hrubec &t

Omenn, 1981; Kaij, 1960; Koskenvuo, Langinvainio, Kaprio, LOnnqvist,

& Tienari, 1984; Romanov, Kaprio, Rose, le Koskenvuo, 1991), with

moderate to high heritability estimates (0.30 ta 0.60) (Hrubec & Omenn,

1981; Koskenvuo et al., 1984; Pickens et al., 1991; Preseatt et al., 1994;

Romanov et al., 1991). Gender differenœs in heritability have been

suggested, with significant genetic conbibutions for male alcoholism
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but negligible genetic effects in females (Caldwell.te Gottesman, 1991;

McGue, Pickens, & Svikis, 1992; Pickens et al., 1991), however other

studies have demonstrated a substantial genetic contribution towards

female alcoholism <Kend1er, Heath, Neale, Kessler, &c Eaves, 1992;

KendIer, Neale, Heath, Kessler, &t Eaves, 1994). The method of proband

ascertainment may contribute ta the observed differences, as female

abusers diagnosed c1iniœlly and in treatment (the former studies) may

not be typical of women with drinking problems in the general

population (the latter studies). Males with early onset of alcohol

problems (first symptom by age 20) have a higher heritability (73%)

than those with later onset (30%) <McGue et al., 1992). Some studies

have not found differences in concordance rates between MZ and OZ

twins pairs (Allgulander, Nowak, & Riœ, 1991; Gurling, Clifford, &

Murray, 1981; Gurling, Oppenheim, &c Murray, 1984) or significant

heritability estimates (Allgulander et al., 1991; Grove et al., 1990),

however small and unrepresentative samples limit the validity and

generalizability of some of these results (Prescott et al., 1994). Family

studies, comparing the prevalenœ of alcoholism in familles of

alcoholics to those of nonalcoholics, have shown that alcoholics are

anywhere from two to six times more likely ta have family members

who are alcoholic (reviewed in Cotton, 1979).

Adoption studies compare the rates of alooholism in adopted­

out adult offspring whose biologica1 parents are alcoholic to those

whose biological parents are not alooholic. The earliest adoption study

of alcoholism found no evidenœ for a genetic companent for

alcoholism (Roe, 1944), however studies sinœ that time have

established that a significant heritable companent exists in male

(Bohman, 1978; Cadoret, Cain, &r Grove, 1980; Cadoret &t Gath, 1978;

Cadoret, O'Gorman,Troughton, &t Heywood, 1985; Cadoret, Troughton,
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& O'Gorman, 1987; Goodwin et al., 1974; Goodwin, Schulsinger,

Hermansen, Guze, & Wmokur, 1973; Schucldt, Goodwin, & Winokur,

1972), and perhaps female (Bohman, Sigvardsson, & Ooninger, 1981)

alcoholism (although see Goodwin, Schulsinger, Knop, Mednick, &

Guze, 1977). Ooninger, using Bohman's (1978) data, delineated two

distinct subtypes of alcoholism (Ooninger, 19871); Ooninger, Bohman,

& Sigvardsson, 1981). Type 1, loss of control, or milieu-limited

alcoholism is characterized by adult onset (>20 years oId), with rapid

progression from mild abuse to severe alcohoi dependenœ, little or no

criminality, and in many cases, biologie parents with similar patterns of

abuse. Type 1 alcoholism is expressed only when there is a combination

of a characteristie genetie and characteristic environmental background.

Type 1 alcoholics are described as having passive-dependent or

"anxious" personalities: they are high in harm avoidance, high in

reward dependenœ, and low in novelty seeldng. They are desaibed as

emotionally dependent, rigid, perfectionistic, inactive, quiet, patient

and introverted, with guilt and fear over becoming dependent on

alcohol (Ooninger, 1987b). Onset purportedly develops after heavy

drinking is reinforœd by social determinants, such as drinking at lunch

or after work through the encouragement of friends.

In contrast, spontaneous alcohol-seeking behavior or the

inability to abstain, known as male-limited type 2 alcoholism, is

characterized by a early onset (<20 years of age) of moderate alcohol

abuse regardless of edemal drcumstanœs and &equent criminality.

The liability for type 2 alcoholism is 90% heritable in men but seldom

seen in women. The biologie fathers of these individuals often have

had an early onset of severe alcohol abuse, extensive treatment for

their alcohol abuse, and serious aiminality beginning in adolescence

or early adulthood. Type 2 alcoholics are desaibed as antisocial: high
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in nove1ty seeldng, low in harm avoidanœ, and low in reward

dependenœ. They are desaibed as impulsive, aggressive, impatient,

confident, talkative, and active (Ooninger, 1987b).

A reœnt replication of the "Stockholm Adoption Study"

(Cloninger et al., 1981; Bohman et al., 1981) verified the distinction

between these two forms of alcoholism in males (Sigvardsson,

Bohman, & Cloninger, 1996). Specifically, the lifetime risk of severe

alcoholism was e1evated four-fold in adopted men with both type 1

genetic and environmental backgrounds. Neither a genetic or

environmental background alone led ta this type of alcohoüsm. In

contrast, the lifetime risk for type 2 alcoholism was increased six-fold in

male adoptees with a type 2 genetic background regardless of their

environmental background (Sigvardsson et al., 1996). Cadoret et al.

(1995) independently identified three pathways leading to alcohol

abuse/dependenœ in male adoptees roughly analogous to the type

1/type 2 distinction. The first pathway was a direct effect of alcohol

problems in the biologie parent increasing the risk for alcohol

abuse/dependenœ in the adoptee, the second a direct environmental

effect of alcohol problems in the adoptive relatives leading to alcohol

abuse/dependency in the adoptee. The final pathway began with

antisocial personality disorder in the biologie parent, leading to

antisocial personality disorder in the adoptee, which then led to

alcohol abuse/dependency in the adoptee. Type 1 alcoholism was

likened to a combination of the first and second pathways, and type 2

alcoholism to the third.

Although the studies investigating a genetie contribution to the

etiology of alcoholism have been criticized on a number of

methodologieal grounds (Lester, 1988; Littrell, 1988; MWTay, Clifford, &r
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Gurling, 1983; Searles, 1988) , it is widely agreed that a significant

heritable component of alcoholism exists (Littre1l, 1988; Murray et al.,

1983). As Higley et al. (1993) suggest, a genetic predisposition, expressed

through monoamine concentrations, may determine an individual'5

behavior in a circumscribed fashion ta the stimuli to which he!she is

exposed. As such, stable neurochemical differenœs may predispose an

individual to be more sensitive to alcohol's rewarding properties, less

sensitive to its detrimental effects, and!or more behaviorally

disinhibited in general. Such a genetic predisposition, expressed in part

through neurochemical functioning, may ultimately lead an

individual to consume alcohol in great quantities, given certain

environmental conditions (most notably, the availability of alcohol).

The hypothesis put forward in the present thesis is that a deficit

in serotonergic levels and function is genetically transmitted, leading

to increased disinhibition and alcoholism in susceptible individuals

(i.e., young men with a family history of alcoholism). There is some

evidence that serotonergic leve1s (and presumably function) may be

genetically determined. Genetic factors significantly contribute toward

determining cerebrospinal fluid (CSF) 5--hydroxyindoleaœtic acid (5­

HIAA) levels, the primary metabolite of serotonin, in rhesus monkeys

(Higleyet al., 1993). In humans, although not statistically signifiant,

the correlation for CSF 5-HIAA concentrations in MZ twins was nearly

twice that of DZ twins (Oxenstierna et al., 1986). As well, there is

evidenœ that impulsivity is, at least ta a certain extent, genetically

determined. A self-report factor labelled "impulsive irritability" has

been shown to he partIy genetically determined (Coccaro, Bergeman, ck

M~earn, 1993). Moreover, some studies have shown that the

personality dimension of aggressivity, in which impulsivity may be a

component, is partly heritable (Ghodsian-earpey .sr Baker, 1987;
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O'Connor, Foch, Sherry, &t Plomin, 1980; Tellegen et al., 1988). Others

have not, however (Plomin, Foch, &t Rowe, 1981; Vandenberg, 1967).

Given the mode! outlined above, one might expect alcohol

dependent individuals (or a subsetof), as weil as their offspring, ta

demonstrate behavioral disinhibition. Moreover, indices of central 5­

HT functioning should be inversely related to aggressive and

impulsive behavior. The following sections will address these issues.

Behavioral Undercontrol and Impulsivity in Alcoholics and

Individuals at High Risk for Alcoholism

At this point, it is important to review the various definitions of

impulsivity that have been put forward in the literature. Helmers,

Young, and Pihl (1995) have summarized various definitions of

impulsivity, including acting without thinking (Barratt &t Patton, 1983),

the inability to plan ahead (Barratt &t Patton, 1983; Buss &c Plomin, 1975;

Eysenck &c Eysenck, 1977), the tendency to respond quicldy to stimuli

rather than inhibiting responses (Barratt &t Patton, 1983; Buss &

Plomin, 1975; Prior & Sanson, 1986), the lack of capadty to delay

gratification (a preference for smaller immediate reinforcers as opposed

to larger de1ayed reinforcers) (Logue, 1995), or a fallure to withhold

responses that lead to punishment or 1055 of expected reward (Gray,

1982). Clinically, impulsivity may be described as the repetition of

deviant behavior characterized by a lack of reflectivity and de1ay

(Glueck &t Glueck, 1968; Oas, 1983). These definitions encapsulate a

number of concepts: a lack of forethought (difficulty planning ahead,

envisioning the consequences of one's actions), a difficulty leaming

from the consequences of one's actions, and a quickened behavioral

tempo.
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As discussed earlier, type 2 alcoholics have been charaderized

via self-report questionnaires as low in impulse control (Sher & Trull,

1994; Virkkunen, Kallio, et al., 1994), and higher in novelty seeking

(Howard, I<ivlahan, & Wallcer, 1991). Very few studies have

investigated behavioral impulsivity in alcoholics. One study measured

behavioral restraint using a task in which individuals must turn a

knob as slowly as possible without stopping. Alcoholics were found to

do this faster than pathological gamblers and controIs (Carlton &

Manowitz, 1992), suggesting a defidt in behavioral inhibition. A duster

analysis revealed that a subset (half) of the gamblers performed

similarly to the alcoholics, while half were "hyperrestrained",

performing more slowly than the controIs. 80th clinical groups were

found to have a greater history of symptoms of Attention Deficit

Disorder than contrais.

As alcohol detrimentally affects multiple physiological systems,

research into the etiological proœsses involved in alcohol dependenœ

using alcoholics risks confusing cause and consequence (Pih1 et al.,

1990). Studies have focused on unaffected young men with paternal

family histories of alcoholism (e.g., sons of male alcoholics, or SOMAs),

due to the higher prevalence of alcohol dependence in men, and

evidence suggesting the existence of a highly heritable male-limited

subtype of alcoholism, as reviewed above. Individuals with a

multigenerational patemal family history of alcoholism (MPFH) are at

an even greater risk for the development of alcoholism compared ta

those with alcoholic fathers alone. A reœnt population study indicated

that family histories charaderized by an alcoholic father, patemal

grandfather and at least one other patemal male relative increased the

odds of alcohol dependence in a proband by 167% (Dawson, Harford, &

Grant, 1992).
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The assessment of aggressivity and impulsivity, or '1Jehavioral

undercontrol" (Sher, 1991), in SOMAs bas been limited primarily to

self- and other-reports. SOMAs score higher than contraIs on a number

of scales indicative of undercontrolled traits: the MacAndrew scale and

the Psychopathie Deviate scale of the Minnesota Multiphasic

Personality Inventory, the Socialization scale of the Califomia

Personality Inventory, and the Novelty Seeldng dimension of the

Tridimensional Personality Questionnaire (Mann, Chassin, & Sher,

1981; Saunders & Schucldt, 1981; Sher, Walitzer, Wood, & Brent, 1991)..

Note that a large number of studies have failed to find differenœs

between SOMAs and controls on the Tridimensional Personality

Questionnaire (Hesselbrock & Hesselbroek, 1992; Howard, Cowley,

Roy-Byrne, & Hopfenbeck, 1996; Moss, Yao, & Maddock, 1989; Peterson,

Weiner, Pihl, Finn, & Earleywine, 1991; Schuckit, Irwin, & Mahler,

1990; zaninelli, Porjesz, ck Begleiter, 1992), induding the subscale

hypothesized to be related to serotonergie neurotransmission, that of

Harm Avoidanœ (Coninger, 1981b). 5tudies finding no difference

between SOMAs and controls on the MacAndrew scale (Alterman,

Bridges, & Tarter, 1986; Alterman, Searles, .st Hall, 1989) have been

criticized for low sample sizes (Sher, 1991). As noted by Sher (1991), the

effect sizes are moderate in this literature, with substantial overlap

between the groups, possibly at least partiy explained by the reliance on

SOMAs in college as research participants.. Presumably a significant

proportion of those behaviorally undercontrolled SOMAs at risk for

later alcoholism do not advance into coUege (Pih1 et al.., 1990)..

Prospective studies draw similar observations: SOMAs, rated by

teachers and/or interviewers, are more impulsive!restless than

controls (Aronson & Gilbert, 1963; Knop, TeasdaIe, Schulsinger, &

Goodwin, 1985; Schulsinger, Knop, Goodwin, Teasdale, & Mikkelsen,
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1986). Although negative findings exist (Berkowitz & Perldns, 1988;

Tarter, Hegedus, Goldstein, Shel1y, & Alterman, 1984), 5her (1991)

concludes that "traits subsumed under the behavioral undercontrol

rubric [aggression, sensation seelâng, impulsivity, socialization] appear

to correlate with each other, with alcohol use/abuse, and with family

history of alcoholism" Cp. 76).

Some studies have utilized behavioral measures of aspects of

impulsivity. One study measuring a concept related to behavioral

undercontrol, response perseveration, found that MPFH young men

played more cards in a task in which the probability of winning

decreased with more cards played (Giancola, Peterson, &t Pihl, 1993).

This suggests a difficulty in disœming the implidt rules of the task, an

insensitivity to punishment, and/or a disinhibited style of responding

driven by the possibility of reward in these individuals. Young adult

children of alcoholic:s were also found to be more disinhibited and less

persistent after consuming alcohol than children of nonalcoholics

(Baer, Novick, & Hummel-Schluger, 1995).

There is only preliminary evidence that an impulsive

behavioral style may be associated with excessive alcohol intake.

Impulsivity, as measured by the delay-of-reward paradigm, was

positively related to the magnitude of alcohol self-administration in

rats (Poulos, Lê, & Parker, 1995). In humans, depressed, impulsive

adolescents have been found to drink more heavily than depressed,

nonimpulsive adolescents or nondepressed adolescents (Hussong &t

Chassin, 1994). Additionally, using structural equation modelling, it

has been demonstrated that early aggressive behavior (possibly related

to an impulsive behavioral style) leads ta increases in alcohol use and

alcohol-related aggression in adolescent males (White, Brick, &t

Hansell,I993).
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Serotonin and Aggression, Impulsivity

If defident serotonergic functioning is associated with

disinhibited behavior in general, then behaviors characterized by

disinhibition, such as aggression, should be assodated with low central

5-HT. Similarly, experimental manipulations that lower central

serotonergic functioning should produœ a tendency toward

disinhibited behavior and aggression.

It is important to define the concept of aggression. Bushman and

Cooper (1990) view aggression as l'behavior directed toward the goal of

injuring another living being, who is motivated ta avoid such

treatment". Others have attempted ta dassify aggressive acts according

to their characteristics, e.g., physical/verbal, active/passive, and/or

direct/indirect (Buss, 1961). VaJvilH (1981) distinguished between

instrumental aggression (aggression as a means to reward), and hostile

aggression (aggression with the goal of minimizing aversive

conditions). Pihl, Peterson and Lau (1993), focusing on the

consequences of aggressive behavior (i.e., the production of an aversive

state), note that aggressive aets intend to punish (produce physical

and/or psychological pain) or to threaten. They include this distinction

in a 2 X 2 X 2 definition of aggression, the other characteristics being

instrumental versus defensive (an unconditioned response consequent

ta punishment), and prosocial versus antisocial (Pih1 et al., 1993). These

definitions underscore the heterogeneity of aggressive behavior, and

suggest that not aIl types of aggressive behavior may be related ta

serotonergic functioning. Given the current line of reasoning, one

would expect impulsive aggression ta be most strongly corre1ated to

central nervous system serotonergic functioning.
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AnimalStudies

Comprehensive reviews of the animal literature clearly

demonstrate that aggressive behavior in rodents cm be elidted by

manipulating 5-HT experimentally (see Olivier et al., 1990; Pucilowski

& Kostowski, 1980). Most reœntly, miœ strains genetically altered and

bred for specifie neurochemical characteristics have been used to

explore the 5-HT/ aggression link. Miœ bred ta be laddng the 5-HT18

receptor (the rodent homolog of the human 5-HTID1 reœptor) were

more aggressive when provoked by an intruder compared to control

mice, suggesting a role for the 5-HT18 reœptor in aggressivity and

perhaps impulsivity (Saudou et al., 1994). Knock-out mice defident in

the calmodulin-dependent ldnase fi gene evidenœ decreased dorsal

raphe 5-Hl' œil firing, decreased feu and increased aggressivity (Chen,

Rainnie, Greene, & Tonegawa, 1995). Transgenic mice overexpressing

the human growth factor TGFa are characterized by a decreased brain 5­

IDAA/5-HT ratio, increased aggressivity, and '1>ehavioral despair"

(Hilakivi-eIarke et al., 1995). Mice engineered to be deficient in

monoamine oxidase A funetioning (the enzyme responsible for the

breakdown of 5-HT, NE and DA) evidenœd dramatically increased

brain 5-HT, DA and NE concentrations, decreased brain 5-HIAA and

the DA metabolite dihydroxyphenylaœtic acid, and enhanced

aggressive behavior in males (Cases et al, 1995). This finding may, at

face value, conflict with the notion that lowered brain 5-HT function

causes increased aggression, however inaeased brain 5-HT may lead te

down-regulation of postsynaptic 5-HT reœptors, 50 it is difficult to

assess the overall effect of lowered monoamine oxidase A on

serotonergic funetioning.
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Primate studies have added to the evidenœ that low 5-HT is

associated with aggression and impulsivity, and inaeased 5-HT

funetion with prosocial behavior. Cerebrospinal fluid 5-1UAA is

negatively assodated with spontaneous aggression (Doudet et al., 1995;

Higley et al., 1992; Higley, Suomi, & Unnoüa, 1996b; Mehlman et al.,

1994), risk-taking (Mehlman et al., 1994), and excessive mortality

(Higley, Mehlman, et al., 1996), and positively corre1ated with prosocial

behavior, age of emigration (Mehlman et al., 1995) and social

dominance rank <Higley, Suomi, & Linnoüa, 1996b) in male as weil as

female (Higley, King, et al., 1996) rhesus monkeys. Raleigh, Mc.Cuire,

Brammer, and Yuwiler (1984) have reported elevated whole blood

serotonin in dominant male adult vervet monkeys that fell subsequent

to a reduetion in their position in the social hierarchy. A mixture of

amino acids devoid of tryptophan, the amino add precursor of 5-Hr,

increased aggressive behavior during competition for food in male

vervet monkeys (Chamberlain, Ervin, Pihl, & Young, 1987).

In addition to the animal work on serotonin and disinhibition

summarized br Soubrié (1986), a number of reœnt studies deserve

specifie attention. Poulos, Parker, and Lê (in press) found that

dexfenfluramine, a 5-HT releaser, decreased impulsivity (i.e., reduced

the choice of the immediate small reward in a delay of reward

paradigm) in rats. In addition, low doses of8-0H-DPAT, a 5-HTIA

agonist, increased impulsivity while higher doses decreased it (Poulos

et al., in press), a finding similar to that of Tomkins, Higgins, et al.

(1994) conœming alcohol consumption. This finding suggests that low

doses of 8-OH-DPAT acted on presynaptic 5-HTIA autoreœptors,

resulting in deaeased 5-HT funetion and inaeased impulsivity, while

higher doses aeted on postsynaptic 5-HTtA receptors, resulting in the

converse.
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Human 5tudies

Law CSF 5-HIAA bas been repeatedly associated with aggression

and impulsivity in a number of clinical groups. Impulsive violent

offenders (Linnoüa et al., 1983; Virlckunen & Linnoila, 1993;

Virkkunen, Rawlings, et al., 1994) and fire-setters (Virkkunen, Nuutila,

Goodwin, & Linnoila, 1987), personality-disordered individuals with a

history of aggressive/impu1sive behavior (Brown, Goodwin, Ballenger,

Goyer, & Major, 1979; Brown et al., 1982), aggressive/impulsive

individuals with borderline personality disorder without major

affective disorder (Brown et al., 1982), incarœrated personality

disordered individuals with XYY (Bioulac, Benezech, Renaud, Roche,

&t Noël, 1978; Bioulac, Benezech, Renaud, Noël, & Roche, 1980),

homicidal offenders who had killed a sexual partner (Lidberg, Tuck,

Âsberg, Scalia-Tomba, & Bertilsson, 1985) or their own child (Udberg,

Asberg, & Sunquist-Stensman, 1984), and depressed individuals

(Rydin, Schal1ing, & Asberg, 1982), as weil as alcoholic males (Limson

et al., 1991) and normal volunteers (Roy, Adinoff, & Linnoüa, 1988)

who self-report high aggression have been shown to have low CSF S­

HIAA levels. There were no differenœs, however, in CSF 5-HIAA

between violent and matched nonviolent patients with schizophrenia

(I<unz et al., 1995).

Additional studies with the sample of violent offenders and

impulsive fire-setters (Virkkunen et al., 1987) demonstrate that a Iow

blood glucose nadir foUowing oral glucose challenge and low CSF-5­

HIAA predicted reddivism (Virkkunen, De Jong, Bartko, Goodwin, &

Linnoila, 1989), that those who had a history of serious suicide attempts

had lower CSF 5-HIAA and MHPG levels (Virkkunen, De Jong, Bartko,
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&c Linnoila, 1989), and that those with fathers who were alcoholic had

lower CSF 5-HIAA levels and were more often impulsive than those

without alcoholic fathers (Linnoila, De Jong, & Virkkunen, 1989;

Virkkunen, Eggert, Rawlings, & Linnoila, 1996). Personality scales

indicate that low CSF 5-HIAA is associated with self-report irritability

and impaired impulse control in alcoholic violent offenders

(Virkkunen, Kallio, et al., 1994), and with extroverted aggression (but

low introverted aggression) in normal volunteers (Moller et al., 1996).

Additionally, the L allele of the tryptophan hydroxylase gene has been

associated with low CSF-5-HIAA in impulsive alcoholic violent

offenders but not in nonimpulsive alcoholic violent offenders or

controIs, and also with a history of suicidal behavior in the alcoholic

violent offenders, irrespective of impulsivity, suggesting a possible

reduced capadty to hydroxylate tryptophan 10 5-HTP (Nielsen et al.,

1994). Reœntly this finding bas been challenged, as Abbar et al. (1995)

found no association between the tryptophan hydroxylase gene and

suicidai behavior, and notes that, in actuality, there was no differenœ

in the tryptophan hydroxylase allelic frequendes between the alcoholic

violent offenders who had attempted suidde and the controIs in the

Nielsen et al. (1994) study (but see also Nielsen et al., 1996).

Cerebrospinal fluid 5-HIAA bas also been negatively correlated

with aggression in children and adolescents with disruptive behavior

disorders (charaeterized by hyperactive, impulsive and aggressive

behaviors), and was Iower in these young people than in a comparison

sample of pediatrie patients with obsessive-eompulsive disorder

(Kruesi et al., 1990). CSF 5-HIAA significantly predicted severity of

physical aggression al two-year follow-up (Kruesi et al., 1992).

As a whole, methodologica1 problems exist in the studies

investigating the CSF 5-HIAA/aggression/impulsivity relationship.

Tl



•

•

•

For example, impulsivity, derived from police records and!or self­

reported life histories, has been operationalized as a aiminal act

committed without provocation or premeditation and without the

possibility of economic gain, with the victim(s) unknown to the

offender (Virkkunen, De Jang, Bartko, Goodwin, et al., 1989). This

definition fails to demonstrate impulsivity as a stable personality

charaeteristic, and suffers from the possibility of falsification on the part

of an individual to avoid more severe punishment (Tuinier,

Verhoeven, eSt van Praag, 1995). Nevertheless, one review concluded

that eight of the 22 published studies judged to be methodologically

rigorous demonstrate the hypothesized relationship, particularly for

relatively young, white, personality-disordered males with histories of

criminal aets (Tuinier et al., 1995). The specificity of this relationship

has been questioned as weil; a reœnt meta-analysis suggests that low

CSF S-HIAA may not he specifie to impulsive aggression and violence,

but instead a characteristie of psychiatrie illness in general (Balaban,

Alper, & Kasamon, 1996).

Aggressive behavior expressed towards the self (suicide) bas

similarly been associated with low CSF 5-HIAA, regardIess of diagnosis

<Âsberg, Triskman, &c Thorén, 1976; Brown et al., 1982; Brown et al.,

1979; Traskman-Bendz, Asberg, .sr Schalling, 1986; van Praag, 1983).

This relationship holds true particu1arly for violent suicide CAsberg et

al., 1976; Mann &c Malone, 1997). Annual variability in plasma L­

tryptophan and the ratio of L-tryptophan to amino acids competing for

brain uptake bas been negatively assodated with violent suicides in

Belgium (Maes et al., 1995). These data suggest again that it may be

aggression (whether outwardly or inwardly directed) characterized by

its violent severity and impulsive quality that is related ta low 5-RT

functioning.
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Reœntly, a mutation in gene coding resulting in deficient

monoamine oxidase A adivity bas been associated with aggression and

impulsive behavior in a large kindred with several males charaeterized

with borderÜDe mental retardation and abnormal behavior (arson,

attempted rape, exhibitionism) (Brunner, Nelen, Breakefie1d, Ropers,

& van Oost, 1993). This finding compares weil with that reported

earlier in mice, and suggests that the low CSF 5-HIAA found in

impulsive aggressive individuals may be a consequence of low

monoamine oxidase A activity. Lower monoamine oxidase A activity

suggests lower 5-HT catabotism and increased 5-HT levels, although a

down-regulation in post·synaptic 5-HT receptor functioning may result

in overall reduœd serotonergic functioning.

Indeed, the neuroendocrine evidenœ demonstrates on the

whole that aggression!impulsivity is associated with blunted

hormonal responses to 5-HT agonists relative to controls, suggesting

lower reœptor numbers or impaired functioning. Some studies have

looked at impulsive and!or aggressive groups and compared their

neuroendocrine responses to controls. Blunted prolactin and!or

cortisol responses to various 5-HT agonist (fenfluramine, mCPP)

challenges have been noted in individuals with past histories of

suicide attempts, impulse control disorders (bulimia, substance

dependence, pathological gambling), and personality disorders

(borderline, narcissistic) (L6pez-Ibor, Lana, & Saiz, 1991), murders with

antisocial personality disorder (O'Keane et al., 1992), borderÜDe

personality disorder patients with histories of impulsive and

aggressive behavior (Siever et al., 1987), patients with histories of self­

mutilation or suicide (New et al., 1997), and men with antisocial

personality disorder (Moss, Yao, &t Panzak, 1990). The prolactin

response in the latter study was inversely correlated with assau1tive
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aggression (measured by the Buss-Durkee Hostility Inventory) but not

impulsivity (as measured by behavioral self-report or measurement of

cognitive tempo). Interestingly, patients with compulsive personality

had higher impulsive aggression scores than noncompulsive patients,

and had blunted prolactin responses ta fenfluramine compared ta

noncompulsive patients and nonpatient controls (Stein et al., 1996).

Other studies have correlated the neuroendocrine response ta 5­

HT agonists with self-report aggressivity. Prolactin responses to

fenfluramine challenge have been inversely related to: past histories

of suicide attempts in patients with major affective disorder and/or

personality disorders, and with impulsive aggression in patients with

personality disorders only (Coccaro et al., 1989); an increased risk of

impulsive personality traits (and marginally to familial alcoholism) in

the first-degree relatives of these patients (Coccaro, Silverman, Klar,

Horvath, &c Siever, 1994); Buss-Durkee Hostility Inventory "direct

assault" in eight personality-disordered individuals (Caecaro,

Kavoussi, &c Hauger, 1995); a laboratory measure of aggression (Caecaro,

Herman, Kavoussi, & Hauger, 1996); and self-report life histories of

aggression in personality-disordered individuals (Coccaro, Kavoussi,

Cooper, & Hauger, 1997). In the latter study, aggression was positively

related to CSF 5-HIAA (Coccaro, Kavoussi, Cooper, et al., 1997).

Neuroendocrine responses to other 5-HT agents have similarly been

correlated ta aggression and impulsivity (Cleare & Bond, 1997; Caecaro,

Gabriel, &c Siever, 1990; Handelsman et al., 1996; Netter, Hennig, &

Roed, 1996). There have been a number of studies showing no

relationship between neuroendocrine measures following serotonergic

challenge and impulsivity or aggressivity (Coccaro, 1992; Wetzler,

Kahn, Asnis, Kom, & van Praag, 1991), and some that demonstrate

positive associations between these variables (Fishbein, Lozovsky, &
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Jaffe, 1989; Moeller et aI., 1994; Reist, Helmeste, Albers, Chhay, & Tang,

1996).

The relationship between neuroendocrine functioning

following 5-HT agonist challenge and aggression has, in generaI, not

been noted in children and adolescents. A d,l-fenfluramine challenge

in preadolesœnt and adolescent males with disruptive behavior

disorders found no diHerenœs in prolactin or cortisol release relative

ta controIs (Stoff et al., 1992), and neuroendoaine response was

unrelated ta aggression leve1s in those patients with disruptive

behavior. PRL responses to fenfluramine challenge in younger

aggressive attention deficit hyperactivity disorder (ADHD) boys were

greater compared to nonaggressive ADHD boys (Halperin et aI., 1994);

in an oider cohort, PRL response was slightly higher in the

nonaggressive boys, suggesting that normal boys may show a

developmental increase in serotonergic functioning not found in

aggressive boys (Halperin, Newcom, Schwartz, et al., 1997). A more

recent study with part of this sample and additional participants found

biunted prolactin responses to fenfluramine in aggressive boys with a

parental history of aggressive behavior, suggesting that familial

transmission of aggressive behavior may be mediated by low central S­

m functioning (Halperin, Newcom, Kopstein, et al., 1997). Prolaetin

response ta fenfluramine was related plsitively to self-report

aggressivity and adverse-rearing environmental conditions in younger

brothers of convicted delinquents, again suggesting that a

developmental change in the serotonin-aggression relationship may

occur (Pine et al., 1997).

Platelet reœptor binding studies assess the density (Bmax> and

affinity O<ei> of plate1et receptors using various 5-HT ligands.

Significantly lower ketanserin binding to plate1et 5-HT2 receptors bas
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been found in adolescent violent delinquents compared to controls

(Blumensohn et al., 1995). Similarly, the density of platelet 5..HT2A

receptors was lower in boys with parents with histories of incarœration

or substance abuse compared to family history negative boys (Pine et

al., 1996). These findings may reflect deaeased central 5-Hr2

postsynaptic reœptor function.

Platelet 5-HT uptake studies are consistent in their finding of a

negative association between 5..HT uptake and aggression/impulsivity

(although studies finding no (Castrogiovanni, Capone, Maremmani, le

Marazziti, 1994; Maguire et al., 1997) or the opposite (Sarne et al., 1995)

relationship exists). Conduct-disordered children have a reduœd

number of plate1et 3H-imipramine maximal binding sites (i.e., low

Bmax) versus healthy controls; Bmax was inversely eorrelated with

aggressive and extemaIizing factors on a parent assessment for the

entire sample (Stoff, Pollack, Vitiel1o, Behar, & Bridger, 1987). Platelet

5-HT uptake and aggressive behavior were negatively assodated in

bath schizophrenie and conduct-disordered adolescents (Modai et al.,

1989). The Bmax of platelet tritiated paroxetine binding was inversely

correlated with total self-report aggression and the tendency ta respond

to provocation with physical assaultiveness in personality-disordered

individuals relative ta controIs (Coccaro, Kavoussi, Sheline, Lish, &

Csernansky, 1996). The Bmax for platelet 3H-imipramine binding was

lower in highly aggressive mentally-retarded adults and suicide

attempters compared to controls (Marazziti et al., 1993; Marazziti et al.,

1996). Also, male outpatients with "episodic aggression" had a lower

mean 5-HT uptake compared to male nonaggressive contrais; 5-HT

uptake was negatively correlated with impulsivity measures (Brown et

al., 1989). Coccaro, Kavoussi, et al. (1996) have posited that reduced 5­

HT uptake might lead ta inaease synaptic availability, reduœd
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sensitivity of terminal 5-HT autoreœptors, a greater re1ease of 5-HT per

neuronal impulse, and a subsensitivity of post-synaptic S-HT receptors,

with the net effect being reduœd 5-HT neurotransmission.

Studies of blood serotonin have generally noted a positive

correlation with aggression, whether it be in depressed inpatients

(Mann, McBride, Anderson, & Mieczkowski, 1992), hyperactive (Cook,

Stein, Ellison, Unis, &t Leventhal, 1995) or conduet-disordered (Unis et

al., in press) youth, violent male juveni1e offenders (Pliszka, Rogeness,

Renner, Sherman, &t Broussard, 1988), children or adolescents with

behavior disorders (Hughes et al., 1996), or individuals with episodic

aggression (Brown et al., 1989). Blood serotonin levels were related to

violence in an epidemiological study as well (Moffitt et al., in press).

There have been studies that have found the reverse, however: lower

blood 5-HT levels re1ated ta aggression (Greenberg &t Coleman, 1976;

Hanna, Yuwiler, &t Coates, 1994). That high, rather than low, blood

serotonin levels relate to aggression may be explained by increased

platelet serotonergic transport (Cook et al., 1993, 1995). No association

between plasma 5-HIAA and self-report measures of anger and

hostility was found in seven violent aiminals (Davis et al., 1993).

Low tryptophan levels and availability in adolescents with

impulsive behavior have been found in a small study (Candito,

Askenazy, Myquel, Chambon, & Darcourt, 1993), however other studies

have found inaeased tryptophan and competing large neutral amino

acids in violent offenders compared to nonviolent offenders and

nonoffenders <Eriksson ~ Lidberg, 1997) and a positive relationship

between tryptophan levels and self-report extroverted aggression

(MoDer et al., 1996). The impact of these results on tryptophan uptake

into the brain is difficult ta assess, because it is the ratio of tryptophan

to the other large neutral amino adds that determines brain uptake.
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Clinical treatment studies suggest the utility of serotonergic

agonists in reducing aggression. Citalopram, a selective 5-HT reuptake

inhibitor, and oral tryptophan, were effective in reducing aggressive

incidents in hospitalized sclùzophrenics (Vartiainen et al., 1995;

Morand, Young, & Ervin; 1983). There have been relatively few studies

investigating the possible anti-aggressive effects of serotonergic

compounds; more research is wananted in this area.

As is evident from the review above, the majority of studies

linking aggressivity to serotonergic functioning are correlational in

nature. In a recent experimental study, both aggressive and

nonaggressive responding on a point subtraction aggression paradigm

was reduced following the 5-HTlA/lB agonist e1toprazine in healthy

males, an effect attributed to the sedative effects of the compound

(Cherek, Spiga, & Creson, 1995). Despite the lack of studies

demonstrating a causallink, it is clear that an inverse correlation exists

between serotonergic functioning and aggression. Moreover, a number

of studies suggest that aggression characterized by an impulsive quality

is particularly associated with impaired S-HT functioning. In the

following section, the technique of acute dietary tryptophan depletion

will he described, a procedure that hypothetically allows one to

investigate the behavioral consequences of reduœd serotonergic

function. Additional experimental studies investigating the effects of

acute tryptophan depletion on aggressive behavior will be reviewed.

The Acute Tryptophan Depletion Paradigm

The acute tryptophan depletion (ATD) paradigm is an

experimental procedure which theoretically allows one to observe the
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behavioral and psychological consequences of decreased central

nervous system serotonin functioning. Aside from the administration

of selective 5-HT reœptor antagonists, there are no other effective

means of reducing central S.HT funetioning in humans. Thus the ATD

paradigm provides a valuable taol for investigating the behavioral

effects of diminished serotonergic neuronal functioning.

Depletion of plasma tryptophan (i.e., tryptophan circulating in

the blood stream) in humans is achieved through the oral

administration of a mixture of amino adds devoid of tryptophan

(Young, Smith, Pihl, & Ervin, 1985). Brain 5-HT metabolism can he

significantly infIuenced by changes in the availability of its precursor

tryptophan in plasma (Fernstrom & Wurtman, 1971). The enzyme

tryptophan hydroxylase represents the rate-limiting step in the

conversion of tryptophan ta S.HT (see Figure 1). Tryptophan

hydroxylase converts tryptophan into 5-HTP, which is then converted

to 5-HT via aromatic amino add decarboxylase. Tryptophan

hydroxylase is estimated ta be only half-saturated with tryptophan

(Friedman, Kappelman, & Kaufman, 1912; Young &c Gauthier, 1981),

therefore changes in tryptophan concentration can lead ta changes in

the rate of 5-HT synthesis, and changes in S-HT levels. In rats, an

amino add diet devoid of tryptophan significantly reduœs brain

tryptophan, 5-HT and S.HIAA leve1s (Biggio, Fadda, Fanni,

Tagliamonte, &c Gessa, 1974; Gessa, Biggio, Fadda, Corsini, &

Tagliamonte, 1974; Maja, Cipolla, Castoldi, & Tofanetti, 1989). In vervet

monkeys, an amino acid load devoid of tryptophan lowers plasma

tryptophan by 50-60%, CSF tryptophan by 61% and 5-HIAA by 34%,

with no changes in CSF HVA or MHPG, the respective metabolites of

dopamine and norepinephrine (Young, Ervin, Pihl, &c Fmn, 1989).

Sînce vervet monkeys and humans share 92% of their genes (King,
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Yarbrough, Anderson, Gordon, &c Gould, 1988), and CSF measurements

of biogenic amine metabolite levels in these primates and humans are

comparable (Young & Ervin, 1984), the effects of ATD in vervet

monkeys provides drcumstantial evidenœ of what likely occurs in

humans. Recent ATD studies have achieved plasma tryptophan

depletions of 80-90%, suggesting a larger reduction in 5-HT synthesis

may occur in humans. A positron emission tomography/magnetic

resonance imaging study using the radio-labelled tryptophan analogue

llC-a-methyltryptophan found a 9.5-fold deaease in healthy males and

a 4o-fold deaease in females in the rate of in VÎm brain 5-HT synthesis

following ATD (Nishizawa et al., 1997). It should be noted that ATD

may also alter the brain levels of other pltentially psychoactive

metabolites of tryptophan, such as tryptamine (Young &c Gauthier,

1981), melatonin (Zimmerman et al., 1993), quinolinic acid, kynurenic

acid,5-HTOL (Young & Anderson, 1982), or perhaps brain protein

synthesis itself.

Two mechanisms produce a subsequent decline in brain

tryptophan following ATD. A mixture of amino acids devoid of

tryptophan promotes the synthesis of new protein (Gessa et al., 1974).

The tryptophan that is incorporated into the protein is drawn from

pools in the blood and tissues, thus decreasing plasma and brain

tryptophan levels. Protein synthesis is a crucial step in the depletion of

plasma tryptophan levels; ingestion of an amino acid load devoid of

tryptophan along with cycloheximide, a protein synthesis inhibitor,

blacks the lowering of plasma tryptophan in rats (Moja et al., 1991).

A second mechanism plays a smaller role in the decline in brain

(but not plasma) tryptophan. Alliarge neutral amino acids (LNAAs;

tyrosine, phenylalanine, leuàne, isoleucine, valine, and tryptophan)

compete for the same carrier system for transport across the blood brain

86



•

•

•

barrier (Oldendorf &c Szabo, 1976). Brain tryptophan levels therefore

depend not only on plasma tryptophan levels but also on the levels of

the other LNAAs. As the levels of circu1ating plasma tryptophan

decrease following the administration of an amino add mixture

devoid of tryptophan (due to protein synthesis), less tryptophan is

available to compete for brain uptake relative to the other LNAAs

(Pardridge, 1979). In investigating the relative importance of the second

mechanism in affecting brain 5-HT, Gessa et al. (1974) found that a

mixture of six amino acids which share a common transport system

with tryptophan did not change plasma tryptophan, deaeased brain

tryptophan by 19%, decreased brain 5-HIAA by 22%, and did not affect

brain 5-Hr. In contrast, a mixture of nine of ten essential amino adds

(tryptophan is the tenth), including live of the six that compete for the

same transport system, deaeased plasma tryptophan by 67%, brain

tryptophan 57%, brain 5-HT 26%, and brain 5-HIAA 44%. (Note:

essential amino adds, i.e., those that cannot be synthesized at a rate

adequate to meet metabolic requirements and thus must be obtained

from the diet, include arginine, histidine, isoleudne, leucine, lysine,

methionine, phenylalanine, threonine, tryptophan, and valine). Thus

competition at the blood brain barrier plays a lesser role in regu1ating

brain tryptophan than does protein synthesis.

Questions remain as to whether the effects of ATD on central 5­

liT levels translate into changes in serotonergic release and

postsynaptic functioning. In rats, red.uced 5-HT synthesis leads to

reduced presynaptic release, under certain conditions. The in vivo

hippocampal release of 5-HT following e1ectrical stimulation of the

DRN or d-fenfluramine administration was attenuated following

administration of an amino add load (Gartside, Cowen, &c Sharp, 1992).

As well, a tryptophan-free amino add load in rats decreased blth basal
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and d-fenfluramine-induced 5-HT release in the dorsal hippocampus

(Stancampiano et al., 1997). In the cat, the release of 5-HT is dependent

on nerve activity (Hery et al., 1919), and the rate of firing of 5-HT

neurons is positively assodated with behavioral arousallevels

(Trulson & Jacobs, 1919). Thus, changes in tryptophan availability and

brain 5-HT lev~ls may be most liIœly ta alter 5-HT release and

postsynaptie funetion when 5-HT neurons are firing at a high rate (

Young, 1986; Young, Pihl, & Ervin, 1988). A state of behavioral arousal

may facilitate a differential in 5-HT release and post-synaptie function

between ATD and balanœd amino add manipulations, producing

robust behavioral effects of ATD in humans.

Further support (albeit drcumstantial) for the notion that ATD

affects 5-HT neurotransmission lies in the behavioral findings of ATD

studies. The ATD paradigm has been used to investigate the oft-noted

relationship between 5-HT and mood (lower central ,5.HT functioning

associated with lowered mood). ATD lowers mood in healthy

volunteers in some studies (Cleare & Bond, 1995; Smith, Pihl, Young,

&: Ervin, 1987a; Weltzin, Femstrom, M~onaha,& Kaye, 1994; Young et

al., 1985), but not in others (Abbott et al., 1992; BenkeHat, Ellenbogen,

Dean, Palmour, & Young, 1994; Danjou et al., 1990; Oldman, Walsh,

Salkovslds, Laver, &t Cowen, 1994), an effect that may be dependent on

baseline mood <Young, 1992): lowered mood after ATD is found in

those individuals with high normal baseline depression and/or

anxiety scores, as opposed. to being euthymic at baseline. Am led to a

significant aggravation of premenstrual symptoms, particularly

irritability, in women diagnosed with late luteal phase dysphorie

disorder (Menkes, Coates, &t Fawœtt, 1994). In psychiatrie populations,

ATD induced a partial relapse ta symptoms of clinical depression in

remitted depressives on antidepressant medication (especially SSRIs)
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(Delgado et al., 1990; see also Barr, Heninger, Goodman, Chamey, &

Priee, 1997), and in depressive individuals with seasonal affective

disorder in remission following light therapy (Lam et al., 1996;

Neumeister, Praschak-Rieder, Hebelmann, Rao, et al., 1997). In a recent

positron emission tomography study, remitted depressed patients on

SSRIs who experienœd an ATD-induœd depressive relapse (versus

those who did not) had deaeased brain metabolism in the dorsolateral

prefrontal cortex, thalamus, and orbitofrontal cortex, suggesting that

these brain regions may mediate the symptoms of patients with major

depression (Bremner et al., 1997). ATD also increased symptoms of

depression in obsessive-compulsive disorder patients with a lifetime

history of depression (Barr et al., 1994).

ATD had no effect on mood in unmedicated obsessive­

compulsive disorder patients (Smeraldi et al., 1996), unmedicated

depressed seasonal affective disorder patients (Neumeister, Praschak­

Rieder, Hebelmann, Vitouch, et al., 1997>, or in patients with major

depression remitted with electroconvulsive therapy (Cassidy, Murry,

Weiner, & Carroll, 1997). ATD had little effect in remitted bipolar

patients on long-term lithium (Benkelfat et al., 1995) and variable,

inconsistent effects in unmedicated depressed pâtients (Delgado et al.,

1994). In remitted, medication-free former patients with major

depression, ATD induced transient relapses in two studies (Moreno,

Gelenberg, Potter, & Delgado, 1995; Smith, Fairbum, & Cowen, 1997), or

had no effect (Leyton et al., 1997). This effect may be dependent on a

history of suicide attempts and suicidai ideation, as those participants

with these features evidenœd greater mood lowering responses

(Leyton, Young, & Benkelfat, 1991). A significantly greater proportion

of young men at risk for depression by virtue of a strong family history

of major affective disorder showed a mood lowering effect following
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ATD compared ta contraIs with no family history (Benkelfat et al.,

1994). ATD also lowered mood in normal women when compared to

the balanced amino add condition (congruent with the finding that

females are at higher risk for depression than males), however when

tryptophan depleted at least one month later, a poor temporal stability

of the ATD response was noted (Ellenbogen, Young, Dean, Palmour, &

Benkelfat, 1996).

Other clinical groups have been studied. ATD increased ratings

of anxiety, body image distortion, overreactivity, indedsion, fatigue

and depression in bulimic women compared ta a balanœd drink, with

only increases in fatigue differentiating the ATD response of the

clinical group to that of healthy females (Weltzin et al., 1994). A

subsequent report found that bulimic women increased their caloric

intake and reported greater irritability following ATD relative ta

healthy contraIs (Weltzin, Fernstrom, Fernstrom, Neuberger, & Kaye,

1995). ATD had no effect on anxiety in panic patients (Goddard et al.,

1994), or on obsessive-compulsive symptoms in obsessive-compulsive

disorder patients treated with SSRis (Barr et al., 1994) or unmedicated

(Smeraldi et al., 1996). ATD did increase respiratory ventilation in

panic disorder patients compared to controis ~ent et al., 1996). In

cocaine dependent individuals, ATD reduced the desire for cocaine

following eue exposure (Satel, Krystal, Delgado, Kosten, &t Chamey,

1995), and reduœd the subjective l'high" induœd by a test dose of

intranasal cocaine (Aronson et al., 1995).

In normal volunteers, ATD abolished morphine-induced

analgesia in the cold-pressor test, implicating serotonin as a Mediator

of the antinociceptive effect of morphine (Abbott et al., 1992).

Cognitively, ATD reduced performance on tests of visual

discrimination and paired assocïates, with no effect on executive
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funetions (subsumed by the frontal lobes), suggesting a raie for 5-HT in

leaming and memory (Park et al., 1994).

Increased aggressive responding in healthy males following

ATD has been found in studies characterized by an element of

provocation (Cleare & Bond, 1995; Moeller et al., 1996; Pihl et al., 1995).

Studies laclcing provocation (Salomon, Mazure, Delgado, Mendia, &

Chamey, 1994; Smith, Pihl, Young, &t Ervin, 1987b) have not

demonstrated an effect of ATD on aggressivity. This may relate once

again to the notion that behavioral amusai (in this case produœd via

provocation) is a necessary precondition to achieve differenœs in

central 5-HT function following AID and thus observable behavior

changes (Young et al., 1988). In a reœnt study investigating the

combined effects of ATD and alcohol on aggression, alcohol and

tryptophan manipulations did not interact, producing independent,

additive increments in aggressive responding (Pihl et al., 1995).

Related to the notion of susceptibility ta ATD-induœd mood

changes discussed above, Finn, Young, Pihl, and Ervin (in press) found

that normal males high in hostile or antisocial traits demonstrated

greater associations between ATD-induced changes in plasma

tryptophan and changes in hostility compared to those low in hostile

or antisocial traits, respedively. Thus, individuals possessing traits

related to low 5-HT activity (high antisodality or hostility) may be

more susceptible ta ATD-induœd psychological changes (Finn et al., in

press), just as those with high normal baseline depression scores may

be more susceptible to the mood-Iowering eHect of ATO. Additionally,

Cleare and Bond (1995) selected young men either high or low on the

Buss-Durkee Hostility Inventory, and found increased subjective and

behavioral aggressivity after ATD in the high trait aggressive group

only.
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In summary, ATD is a safe, effective method of investigating the

behavioral effects of lowered central serotonergic synthesis (and

presumably funetion) in humans. It is one of the only methods to

induce transient alterations in central serotonergic synthesis and

funetion in humans. This procedure has been used productively in a

number of patient populations to test hypotheses re1ating to the role of

serotonin in various psychopathologies.

Passive Avoidanœ Leaming

The large majority of studies investigating the relationship

between serotonergic functioning and impulsivity in humans have

assessed impulsivity either by administering self-report questionnaires

(Caecaro, Kavoussi, Sheline, Herman, &c Csemansky, 1997) or by

assessing the impulsive nature of crimes committed by the individual

(Virkkunen, Rawlings, et al., 1994). Few studies have attempted to

correlate indices of serotonergic functioning in humans with

behavioral measures of impulsivity.

One method of investigating behavioTll1 disinhibition in

humans is through passive avoidance leaming tasks. Passive

avoidance is defined as the ability to withhold a response that would

have 100 to punishment or loss of potential reward. Newman (1987)

has extensivelyexplored passive avoidance learning and disinhibition

in humans using a go/n~o discrimination task. In this task,

participants leam by trial and error to respond (press a button) to active

stimuli (two-digit numbers flashed on a computer screen) for monetary

reward and withhold response to passive stimuli to avoid punishment

(loss of money). Two types of errors are possible: omission errors (OEs),

failing to respond 10 active stimuli; and commission errors (CEs), or
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passive avoidanœ errors, failing to inhibit responding ta passive

stimuli. This contingency is summarized in Table 1 as reward­

punishment (Rew·Pun). Three other feedback contingencies have been

employed with this task. In the reward~nly(Rew) condition,

participants are rewarded for responding to active stimuli and

withhalding responses to passive stimuli; in the punishment~nly

condition (Fun), participants are punished for not responding to active

stimuli and responding to passive stimuli (Table 1). Iaboni, Douglas

and Baker (1995) added a final condition, punishment·reward (Pun­

Rew), in which participants are punished for not responding to active

stimuli and rewarded for nat responding to passive stimuli.

Extraverted college students, incarœrated psychopaths and low­

anxious psychopathie juvenile delinquents commit more CEs than

contrais, with similar OEs (Newman & I<osson, 1986; Newman &

Schmitt, in press; Newman, Widom, &t Nathan, 1985; Patterson,

Kosson, &t Newman, 1987). Furthermore, extraverts respond faster after

punishment than following reward, whereas introverts respond

slower (NichoIs &t Newman, 1986; Patterson et al., 1987). Neurotie

extraverts (as defined by Eysenck & Eysenck, 1975) also spend less time

reflecting following punishment in a modified go/n~a task that

allows subjeets ta terminate feedback themselves. In these studies, the

amount of time a participant pauses after punishment significantly

predicts passive avoidanœ learning (Patterson et al., 1987). Extraverts..
aIso tend to respond ta reward more quicldy overall, when only reward

is given (Nichols &t Newman, 1986). Newman and colleagues conclude

that, in disinhibited individuals, reward availability appears to

engender a dominant response set that is resistant ta modulation.

Consequently, disinhibited individuals do not pause ta proœss

feedback foUowing punishment. This failure to pause does not allow
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for the formation of extensive stimulus-response associations, and

would be expected to impair recognition of the punishment stimulus

context on subsequent occasions (Newman &t Wallace, 1993). In

contrast to Newman's findings, Iaboni et al. (1995) found that ADHD

children made more CEs compared ta controls on ail conditions of the

go/no-go task, indicating more generalized inhibitory and reward

seeking problems in this clinical group.

Impulsivity in humans has been assessed primarily by self­

report questionnaires. Despite the ability of commission errors on the

go/no-go to disaiminate between impulsive and non-impulsive

individuals in clinical and nonclinical samples, behavioral impulsivity

(measured by the go/n~o)did not correlate with self-report

impulsivity (as assessed by a variety of paper-and-pencil instruments)

in normal males (Helmers et al., 1995). It may be that impulsive

behavior found in clinical populations is qualitatively different from

that found in normal individuals, and not on a continuum.

The go/no-go passive avoidance task represents an attempt to

operationally define and measure behavioral impulsivity under

controlled conditions. Given that commission errors were higher in

clinical and nonclinical samples that one would expect, a priori, to be

more impulsive, commission errors on the go/no-go represent a valid

measure of disinhibition. The measurement of behavioral, as opposed

to self-report, impulsivity would represent a step forward in the

literature investigating the relationship between impulsivity and

serotonergic functioning in humans.

94



•

•

•

The Present Work

The present studies investigate the effects of ATD on

impulsivity in two samples of individuals who may be susceptible to

the effects of perturbations of the serotonergic system by virtue of being

either 1) unaffected offspring with multigenerational patemal family

histories of alcohol dependence, a disorder known to be related to

serotonergic hyplfunction, or 2) positive for a personal history of overt

aggression, behavior also associated with decreased serotonergic

functioning. The first study proposes to test one link in the

hypothesized pathway leading &om a serotonergic dysfunction to

alcohol dependenœ: that experimentally lowering brain 5--HT function

through ATD willlead ta increased behavioral disinhibition in young

men at risk for the development of alcohol dependence by virtue of a

multigenerational paternal family history of alcoholism. The second

study will test whether the effect of Am on behavioral disinhibition is

replicable in a second sample of adolescent men hypothetically

susceptible to serotonergic perturbation by virtue of a past history of

aggressive, disruptive behavior.
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ABSTRAcr

Background: The neurotransmitter serotonin bas been linked

experimentallyand clinically to impulsive behavior, as we1l as

disorders characterized by disinhibition (e.g., alooholism, aggression).

The present study tested the hypothesis that young men at high risk for

alcoholism would demonstrate greater behavioral disinhibition

following dietary depletion of tryptophan, the amino acid precursor of

serotonin.

Methods: A double-blind plaœbc>-controlled between-subjects design

was used. Plasma tryptophan was manipulated through the

administration of a tryptophan-defident amino acid mixture.

Participants were nonalcoholic young men with a multigenerational

patemal family history of alcoholism or with no family history of

alcoholism in two previous generations. AlI were tested five hours

following amino acid ingestion on a modified Taylor task quantifying

aggression, and a go/no-go task measuring disinhibition.

Resulls: Plasma tryptophan was reduœd in both groups five hours

following administration of the tryptophan-deficient amino acid

mixture. Tryptophan depletion had no effect on aggression. In contrast,

tryptophan-depleted individuals with a family history of alcoholism

made more commission errors (responses to stimuli associated with

punishment or 1055 of reward) compared to tryptophan-depleted

individuals with no family history of alcoholism, and those receiving

the balanœd (control) amino acid mixture in either group.

Conclusions: The data support the theory that low serotonin may he

implicated in the increased disinhibition observed in individuals with

a genetic vulnerability to alcohol abuse/dependence. The possibility
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that disinhibition is an additive risk factor for the development of

alcohol or drug abuse remains to be tested.
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INTRODUcnON

Reduced central nervous system serotonin <5­
hydroxytryptamine, 5-HT) may be involved in the etiology of alcohol

abuse/dependenœ1, suidde1, bulimia3, antisocial personalityl and

conduct disorder5, and aggression6-8. One possible common role of

serotonin in these disorders is behavioral inhibition9 • Animal studies

demonstrate that increasing central serotonin funetion inhibits

responses ta a number of stimuli10; clinically, low serotonin is

associated with impulsive aggressive behavior11-16 •

One focus of this study is alcoholism. Some alcoholics,

particularly early- onset, have low levels of the serotonin metabolite 5­

hydroxyindoleacetic acid (5-HIAA) in their œrebrospinal fluid

(CSF)17-19. Low CSF 5-HIAA is also associated with a positive paternal

family history of alcoholism in impulsive violent offenders and Eire­

setters20,21. To avoid possible effects of alcohol on serotonin

metabolism, nonalcoholic young men with family histories of

alcoholism have been studied22. Men of this type are more susceptible

to alcoholism given that alcohol dependence is two ta three limes

more prevalent in males than females23, and that twin24-28, family29,

and adoption30-33 studies suggest a heritable companent to alcoholism.

Males with a multigenerational patemal family history (MPFH) of

alcoholism are at greater risk for alcoholism than those with alcoholic

fathers alone34. A relatively rare, but highly heritable male-limited

subtype of alcoholism, Cloninger's type 2, is characterized by an early

onset of moderate alcohol abuse, regardless of external environment,

and frequent criminality. Fathers of type 2 alcoholics a1so have an early

onset of severe alcohol abuse, and exhibit serious aiminality3S.36.
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Sons of male alcoholics are also at higher rislt for impulsive

behavior and conduct disorder37-39. Additionally, MPFH young men

perseverate on a card-playing task40, suggesting a difficulty in

disceming the implicit rules of the task, an insensitivity to eues for

punishment, and1or a heightened sensitivity to eues for reward,

possibly contributing to the etiology of their impulsivity.

One method for studying serotonin function in humans is the

acute tryptophan depletion (ATD) technique. Participants ingest an

amino acid (AA) mixture containing ail the essential AAs exœpt

tryptophan (T- mixture) or a control mixture containing tryptophan

(balanœd, or B, mixture). Recent data suggest that ATD lowers brain

serotonin synthesis by approximately 90%41. Changes in serotonin

synthesis are hypothetically most likely to alter serotonin release and

postsynaptic function when serotonin neurons are firing at a high rate,

as in states of high arousal~43.In keeping with this, ATD affects

responses in laboratory tests of aggression that incorporate an element

of provocation44,45, but not in the absence of an arousing stimulus46,47.

The present study was designed to test the hypothesis that ATD would

induce behavioral disinhibition and increase aggressive responding in

MPFH men, relative te agelsex matched controls. Disinhibition was

measured by commission errors in a go/no-go leaming task. A

modified Taylor Aggression task, used ta quantify aggression, was

included before the go/n~o task ta inaease arousal.
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MElHODS

SELECTION OF PAJmCIPANTS AND BASELINE 1'EsnNG

Males, ages 18 to 25, were recruited through local newspaper

advertisements. An initial telephone saeen excluded thase with

significant present or past alcohol abuse or dependence, evidenœ of a

present DSM-m-R48 Axis 1 diagnosis, significant medical illness, and

lack of knowledge of their family psychiatric histories. Individuals

passing this saeen and providing informed consent underwent the

Structured Clinical Interview for the DSM-m-R, non-patient version

(SCID-NP)49-51 and the Family History Assessment ModuleS2• If

neœssary, partidpants were asked to contact family members ta obtain

more information. Family History Research Diagnostic Criteria53,54

were used ta make retrospective diagnoses of alcoholism in family

members up to second degree relatives. This method bas a satisfactory

specificity for alcoholism in first-degree relatives, but is less sensitive

than direct interviews55-57.

The inclusion criterion for individuals at risk for alcoholism

was a multigenerational family history of paternal alcoholism, as

defined by at least two male alcoholics on the father's side of the family

in two different generations. The inclusion aiterion for individuals at

low risk for alcoholism was the absence of documented cases of

alcoholism in all known fust, second and third-degree relatives (family

history negative, or FH-). FH- individuals with multigenerational

family histories of any other Axis 1 disorder were excluded from the

study.

Individuals with abnormal electrocardiograms were excluded

from sorne parts of the study. Participants were administered eight
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Wechsler Adult Intelligence Scale-Revised (WAIS-R)58 subtests:

Information, Arithmetic, Similarities, Picture Completion, Digit Span,

Pieture Arrangement, Block Design, and Digit Symbol. Seven subtests

(excluding Pieture Arrangement) were used 10 estimate IQS9. This IQ

estimate is high1y correlated with WAIS-R full scale IQs in psychiatric

inpatients60•

A modified Personal Drinking Habits Questionnaire61 (including

questions conœrning nicotine and drug use) estimated current alcohol

and drug use; a caffeine intake survey assessed weekly caffeine

intake62.63, and the Michigan Alcoholism Saeening Test (MAST)64

assessed possible consequences of excessive alcohol intake. The Beek

Depression Inventory (BOI)65 provided a baseline measure of depressed

mood.

AMINO ACID ADMINISTRATION

The day preœding a test day, participants ate a low protein

diet66,67, and were asked to refrain from alcohol or illegal drug use. On

the test day, fasting participants completed the BDI65, the Profile of

Mood States (POMS)68,69, the Visual Analogue Mood Scale (VAMS)70,

and the state version of the State--Trait Anxiety Inventory (STAI)71,

produced a urine sample to saeen for drugs of abuse (Triage™ Panel

from Biosite Diagnostics), and provided a blood sample for the

measurement of tryptophan levels. The participants reœived (double­

blind) either a tryptophan-free cr-) or nutritionally balanced (B) AA

mixture in a between-subjects design. The exact procedure has been

desaibed previously66,72. For bath MPFH and m- groups,

administration of AA treatments was randomized in blacks of ten.
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For the next 4.25 hours, participants read magazines, watched

television, or watched movies (ail confined to relatively affectively

neutral material). They drank water ad libitum, and could smoke a

limited amount if they desired. No sleeping was alIowed.

TAYLOR ACCRESSfON TA5K

Participants did the Taylor aggression task73 (described fully

elsewhere74) to measure aggression and increase participants' arousal

leve1s. Briefly, each partidpant's pain threshold was determined by

presenting a series of inaeasing shocks. The task itself was introduœd

as a competitive reaction time task. Each participant was insttucted to

first select a shock level (that he would de1iver to bis oppanent should

he win the reaction time trial) on a panel of eight buttons in front of

him, each numbered consecutively from one to eight. Shock levels 1-8

increased linearly from 15% to 100% of the persanes given pain

threshold. Following the reaction-time trial, the participant was

informed of the opponent's shock choiœ by the appearanœ of one of

eight red lights on the panel above each numbered button. The

appearanœ of lights five to eight signified a 1055, following which the

participant received a shock. Lights one through four signified a win,

and the participant administered the previously chosen shock intensity

to bis opponent by pressing a button. Participants could monitor shock

administrations to their opponent using a direct current ammeter 10

bis immediate left. After reœiving these instructions, the participant

viewed, on a te1evision connected to a VCR in the adjacent room, a

pre.recorded videotape of a fictitious opponent reœiving the same

instructions. This tape served to review the instructions, reinforœ the

nature of the competition, and present the situation more realistically.
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The task consisted of 26 consecutive trials, the first half under

low provocation (shocks administered to the participant ranging from

1 to 4), the second under high provocation (shocks from 5 to 8). The

arder of wins and losses as weIl as the oppanent's shock choiœs within

the provocation blocks were randomly selected by the computer. AIl

participants reœived three shocks at each level, altemately winning

one trial and losing two trials or winning two trials and losing one

trial. Participants won and lost half of the trials in bath provocation

conditions. Dependent variables included the shock intensity chosen

before each reaction time trial, the sbock duration and latency ta shock

delivery on those trials in which the participant administered a shock

to bis opponent, and the reaction time to the stimulus by provocation

level (lowand high). The first shock intensity, chosen before the first

reaction time test, was analyzed separate1y as a measure of unprovoked

aggression.

Go INo-co LEARNINc TA5K

Following the Taylor task, participants were administered the

go/no-go discrimination task7S,76. Participants leamed by trial-and-error

to press a butten to "active" stimuli and to not press to IIpassive"

stimuli. Stimuli consisted of eight two-digit numbers (four active, four

passive, ranging from 03 to 99) repeated 10 tintes in different,

randomized orders for 80 total trials. Additional stimulus

characteristics have been presented elsewhere7S• Four different sets of

eight stimulus numbers were employed (one per condition). Correct

responses were rewarded with a high-pitched tone, presentation of the

ward "CORRECT' on the computer screen, and the addition of 10 cents

to an on-screen running tally of the partidpant's eamings. Incorrect
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responses were punished by a low-pitched tone, presentation of the

word ''WRONGt' and subtradion of 10 cents from the partidpant's

earnings.

AIl participants did four conditions. In the reward-punishment

{Rew-Pun} condition, participants began with 51.00. Responses ta active

numbers were reinforced, and responses ta passive numbers punished.

In the punishment-only (Pun-Pun) condition, participants began with

$4.00. Responses 10 passive numbers and nonresponses ta active

numbers were punished.. In the reward-only (Rew-Rew) condition,

participants started with no money. Responses ta active numbers and

nonresponses to passive numbers were rewarded. In the punishment­

reward (Pun-Rew) condition", partidpants began with SI.00;

nonresponses ta active numbers were punished, and nonresponses to

passive number rewarded (seel1, Table 2). Each condition was preœded

bya twelve trial reward pretreatment, in which the ratio of active ta

passive numbers was 2:1. This pretreatment hypothetically served ta

establish a dominant response set for reward76,78.

Participants were given instructions on the go/n~go task, the

reinforcement contingences and the proœss of trial and error leaming.

With the experimenter present, they reœived eight practice trials

involving four presentations of each of two practice stimuli (01 as an

active number; 02 as a passive number). The experimenter answered

any questions the participant had but was not present during testing.

Participants were randomly assigned ta one of the 24 possible orders of

presentation of the four conditions. The experimenter re-entered the

room between conditions 10 explain the demands of the next

condition. Dependent measures for this task included commission

errors (CEs; failures to inhibit responses to passive numbers) and

omission errors (OEs; fallures 10 respond ta active numbers).
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Adolescent and adult psychopaths75,76 and extraverts18,19, and children

with attention deficit hyperactivity disorderl1 ma1œ more CEs

compared to controls, (depending on reinforœment condition), with

no differenœs in OEs. These findings suggest that CEs on the go/n~o

learning task represent a valid measure of disinhibition.

Participants completed a short interview to verify the success of

the Taylor task deœption. The experïmenter rated the degree ta which

the participant was deœived, and he was encouraged ta voiœ bis

feelings conceming the deception. Next, participants were given a high

protein snack and a 1 g L-tryptophan tablet to normalize plasma

tryptophan levels (if the individual was tryptophan-depleted), or to

maintain the double-blind status of the study (if the individual

reœived the B AA mixture). The tryptophan preparation used is

available by prescription in Canada and has not been associated with

eosinophilia-myalgia syndrome80. The participant was debriefed on the

procedure, provided with a detailed information sheet on the study,

and had any questions answered.

DETERMINATION OF PLASMA TRYPTOPHAN CONCENTRATIONS

Plasma free and total tryptophan were measured in blood

samples prior to and five hours following ATD, as desaibed

previously66.

DATA ANALYSIS

Variables were inspected by group for normality, homogeneity of

variance and outliers. Appropriate transformations were applied to
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correct for violations of these assumpti0ns81, and where employed, are

specified. Demographie characteristics of MPm and FH- participants

were compared using t-tests. Plasma free tryptophan leve1s were

analyzed using a 2 (risk; MPFfI, m-) X 2 (treatment; T-, B) X 2 (lime;

pre, five hours post AA consumption) between-within ANOVA. For

the go/no-go discrimination task, an initial 2 (risIc) X 2 (treatment) X 4

(condition; Rew-Pun, Pun-Pun, Rew-Rew, Pun-Rew) X 2 (type of error;

OE, CE) between-withïn ANOVA on square root-corrected errors was

followed by separate 2 (risk) X 2 (treatment) X 4 (condition) between­

within ANOVAs on square root OEs and CEs. Dependent measures on

the Taylor aggression task were analyzed using separate 2 (risk) X 2

(treatment) X 2 (provocation level; low, high) between-within

ANDVAs. The mood data were analyzed using separate 2 (risk) X 2

(treatment) X 2 (time) between-within ANDVAs. Statistically

significant interactions were further analyzed using simple interaction

effects tests followed by pairwise comparisons using the Newman­

Keuls procedure. Geisser-Greenhouse (G-G) corrections were used for

al1 main effects and interactions involving repeated measures.

Multiple regression analyses were performed to identify variables

significantly predicting CEs.

ETHICS

AlI participants provided written informed consent. The study

was approved by the Research Ethics Board of the Department of

Psychiatry, Md:;ill University. Participants were compensated for lest

time.
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RESULTS

DEMOGRAPHIe DATA

Reasons for four dropouts were: lost contact with participant,

noncompliance, busy schedule, and nonspecific desire ta discontinue.

Three MPFH participants who completed the entire study were

subsequently dropped from further analyses when the

multigenerational nature of their family history of patemal alcoholism

could not he confirmed.

MPFH and FH- participants did not differ significantly on

demographic measures, with the exception of square root MAsr scores

(t[551:=-3.19, P<.OO'3) (Table 1).

Insert Table 1 about here

Groups differed by definition with respect 10 their family histories of

paternal alcoholism, but also according ta their family histories of

maternai alcoholism and major affective disorders. TItree MPFH men

met criteria for past alcohol abuse, and one met criteria for dependence

for a six month period, three years before testing. Two MPFH

participants had past histories of major depression, one had a past

history of major depression and substance dependence, and one of

cannabis dependenœ.

Six FR- (three T-, three B) and 14 MPFH men (nine T-, five B)

tested positive for recent use of various drugs of abuse (primarily

amphetamine or cannabis) on the Triage™ Panel (Biosite Diagnostics).

Nausea subsequent to AA consumption was reported by three

FH- individuals (one T-, two B). Additionally, two FH- individuals
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(one T-, one B) and eight MPFH individuals (seven T-, one B) vomited

following AA consumption. Significantly more MPFH participants

vomited following T- than B (FlShertS Exact Test, one-tailed, P<.03). Of

these, one FH- participant (who reœived the B mixture) and three

MPFH participants (aIl of whom reœived the T- mixture) were sent

home and rerun (without vomiting) on another day. Thus, live MPFH

participants (four T-, one B), in spite of emesis following AA

administration, were retained for testing (a nonsignificant differenœ;

Fisher's Exact Test, one-tailed, P=.22). Substantial decreases in plasma

total and free tryptophan were noted in these participants (mean =
88.6% depletion of total tryptophan, 81.6% depletion of free

tryptophan).

ANALYSIS OF SERUM PREE AND TOTAL TRYPTOPHAN LEVELS

A 2 (risk) X 2 (treatment) X 2 (time) ANOVA, with time a

repeated-measures factor, on square root plasma free tryptophan

concentrations revealed a highly significant treatment by time

interaction (F[1,53]=449.41, P<.OO01) (Table 2). The tryptophan-depleted

AA mixture resulted. in a decline in free and total plasma tryptophan of

89% across groups.

Insert Table 2 about here

MODIFIED TAYLOR AGGRESSION TASK

One MPFH individual who reœived the B mixture did not

participate in the Taylor task due to an abnormally short PR interval
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on bis electrocardiogram. A 2 (risk) X 2 (treatment) ANDVA performed

on log pain threshold levels revealed a significant main effect of

treatment (F[l,52]=6.99, P=.Ol). Pain thresholds were lower following T­

(i.e., greater pain sensitivity) compared ta B.

For the Taylor task itself, twelve individuals (3 FH-, 8; 1 MPFH,

B; 4 FH-, T-; 4 MPFH, T-) were excluded from the foUowing analyses, as

they were judged to have had either doubt about the presence of their

opponent, or to not have been deœived at all. Thus, the cell sample

sizes for these analyses are 15 PH-, B; 9 MPFH, B; Il PH-, T-; 9 MPFa T-.

A 2 (risk) X 2 (treatment) ANOVA on intensity of first shock chosen

(unprovoked aggression) revealed a significant risk main effect

(F[1,401=4.06, P=.05), with MPFH participants choosing higher initial

shock levels. A 2 (risk) X 2 (treatment) X 2 (provocation) ANOVA on

shock intensity revealed a risk by provocation interaction (F[l,401=10.14,

P=.002). MPFH men chose significantly higher shodc intensities

compared to FR- men under low provocation, whereas under high

provocation, FH- men chose slightly (but significantly) higher shock

levels (see Figure 1).

Insert Figure 1 about here

Analysis of log shock duration revealed only a trend for a provocation

main effect (F[l,40]=3.OS, P<.09). AlI participants tended to administer

longer shocks under high provocation. Analysis of log latency to shock

revealed a significant treatment by provocation interaction

(F[1,401=4.37, P=.04). Under low provocation, latencies ta shock were

significantly greater in T- participants. Under high provocation,

latencies to shock in both groups were significantly lower and not

different in magnitude (Figure 1). Finally, analysis of reaction time
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revealed a significant three-way risk by treatment by provocation

interaction (F[l,40]=4.17, P=.05). Further analyses demonstrated that the

FH-, B group tended to react slower under low provocation compared

to FH-, T- group, with the former group quickening their reaction

times to the level of the latter under high provocation.

The results of ail analyses were similar when performed on the

full sample, suggesting that the degree of bellef in the deœption (as

determined during the post-experimental interview) did not affect the

results. In summary, ATD did not markedly affect aggressive

responding in MPFH participants, as compared to controis.

GO/No-GO TASK

OEs and CEs were summed aaoss the eight blacks of ten trials

within each condition. Errors within the 12 trial reward pretreatment

were not induded because participants had to he exposed to the stimuli

at least once in order to learn which were active and passive. An initial

2 (risk) X 2 (treatment) X 4 (condition) X 2 (type of error) ANOVA on

square root DEs and CEs revealed a significant risk X treatment X error

interaction (F[t,53]=3.95, P=.OS). (see Figure 2).

Insert Figure 2 about here

A 2 (risk) X 2 (treatment) X 4 (condition) ANOVA on square root OEs

revealed a significant condition main effect (G-G F(2.7,143.131=16.02,

P<.OOOl). Participants made significantly more OEs in the Pun-Rew

condition compared to the other three conditions. Analysis of square

root CEs revealed a significant risk X treatment interaction (F(1,531=3.94,

P=.OS). MPFH individuals made significantly more square root CEs

111



•

•

•

after T- compared to the FH-,B and MPFH, 8 groups, and near

significantly more than the FH-, T- group (MPFH, T-: mean =3.03,95%

confidence interval [CI] 2.34-3.12; MPFH, 8: mean = 2.09,95% CI 1.29­

290; FH-, T...: mean =2.06,95% CI 1.49-2.62; FH-, 8: mean = 2.19, 95% a
1.83-2.56). Effect sizes (differenœs between the mean of the MPFH, T­

group and each of the other groups divided by respective pooled

estimates of the population standard deviation) range from 0.81 10 0.91,

large effect sizes according ta Cohen82• There was also a significant

condition main effect (G-G F[2.94,155S7]=4.15, P=.OO8)- AlI participants

made significantly more square root CEs in the Pun-Rew condition

than in the Pun-Pun and Rew-Rew conditions. There were no

interactions involving the condition factor, indicating that tryptophan­

depleted MPFH participants made more square root CEs compared to

the other three groups aaoss conditions.

CHANGFS IN M<X>D

The mood questionnaires were analyzed using separate three­

way mixed 2 (risk) X 2 (treatment) X 2 (time) ANOVAs. In general,

significant treatment by time interactions were found on many of the

mood variables, with post-hoc tests demonstrating significant increases

in the negative mood state in the T- group from pre to live hours post

AA consumption, while the 8 group showed no changes or slight

improvements in mood. This held true for the (square root reflected)

composed-anxious (F[1,52]=10.85, P<.01), agreeable-hostile (F[1,52]=6.44,

P<.02), and clearheaded-eonfused (F[1,52]=6.44, P<.02) bipolar subsca1es

of the POMS, the log state version of the STAI (F[1,521=11.30, P<.OI),

and the lethargic--energetic (F[1,52]=6.49, P<.02), contented-discontented

(F[l,52]=5.86, P<.02), mentally slow-quickwitted (F[1,52l=8.17, P<.OI),
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incompetent-profident (F[t,52]=6.48, P<.02), happy-sad (F[l,52l=S.83,

P<.02), antagonistic...amicable (F[t,52l=5.02, P<.03), and interested-bored

(F[1,52]=S.09, P<.03) subsca1es of the VAMS. For the treatment by lime

interaction on the muzzy'"'C1earheaded (F[1,52]=15.19, P<.OOl), troubled­

tranqull (F[l,52]=4.80, P<.04) and tense-relaxed (F[l,52l=8.67, P<.Ol)

subscales of the VAMS, T- individuals started with a more positive

baseline mood stale, which then became significantly worse at five

hours following ATD. On the (square root reflected) elated-depressed

(F[1,521=4.29, P<.OS) and confident-unsure (F[l,52]=4..93, P<..04) POMS

subsca1es, and the strong-feeble (F[l,52)=3.98, P=.OS), well-eoordinated­

clumsy (F[l,52]=5..51, P<.03) and attentive-dreamy (F[1,52l=5.91, P<.02)

subsca1es of the VAMS, post-hoc testing failed ta reveal significant

increases in the negative mood state in T... participants. The changes

were in the expected direction, however.

VARIABLES PREDICTING COMMISSION ERRORS

Multiple regression analyses were performed to identify

variables that significantly predicted CEs.. The presence of nausea

and!or vomiting following AA consumption, a positive urine test for

recent drug use, and whether the participant slept during the five hour

wait time, were entered into an equation to prediet average square root

CEs (Le., square root CEs averaged across the four go/no-go conditions).

Recent drug use might reasonably be expected 10 affect go!no-go

performance; similarly, sleep might affect arousallevels and thus the

degree of change in serotonergic neurotransmission. The regression

equation predicting total square root CEs was nonsignificant, with

simple r2 's for the variables ranging from .005 ta .02. Presence of

symptoms or diagnoses of alcohol or drug abuse/dependence, major
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depression, and1or anxiety disorders in the participants, coded from the

SClD-NP, failed to predict total square root CEs, with simple r2 's again

very low. Familial psychopathology, coded from the family history

interviews, also did not significantly predict total square root CEs. A

multiple regression analysis using patemal alcoholism family history,

maternaI alcoholism family history, familial drug abuse/dependence,

familial depression, familial anxiety and familial antisocial personality

to prediet total square root CEs was nonsignificant (F[6,49l=1.57, P=.18).

Separate regression analyses predicting total square root CEs using

change scores (post minus pre) for those POMS and VAMS subscales in

which ATD effects were found, did not reach significanœ.

COMMENT

The primary finding of this study is that ATD inaeased CEs on a

passive avoidance learning task in young men at risk for alcoholism,

reflecting increased behavioral disinhibition (i.e., increased responding

in the presence of stimuli associated with prior punishment or loss of

reward). This result supports the hypothesis that, at least in some

groups of individuals, lowered serotonergic functioning may lead to

inaeased impulsivity. In this regard, it complements previous research

demonstrating that impulsive violent behavior is negatively associated

with serotonin-related measures11,13,14, and positively related to

blunted neuroendocrine responses to serotonin agonists15.

While ATD significantly inaeased CEs on a go/n~o task, it did

not affect measures of aggressive responding. In this study, the Taylor

task was used primarily to inaease arousal, and was not executed to

maximize the chances of seeing an ATD effect: the study compared

only T- and B mixtures, instead of also including a mixture containing
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excess tryptophan44,4S. The fact that positive results were obtained for

impulsivity, but not aggression, suggests that the laboratory test of

impulsivity is more sensitive, or that impulsive responding is more

sensitive to serotonergic modulation when it is devoid of an important

affective companent as in aggressive responding.

Acute tryptophan depletion selectively enhanœd CEs in MPFH

participants, suggesting these men are more susceptible than FH­

individuals to manipulation of their serotonin systems. Whether this

is due to a pre-existing abnormality in serotonergic neurotransmission,

or to some differenœs in other neurotransmitter systems modulating

impulsivity, is not known. Preliminary evidenœ obtained from

measurements of platelets suggests that nonalcoholic sons of male

alcoholics may have altered serotonin functioning83,84.

A substantial proportion of the vulnerability to alcoholism is

believed ta he genetically mediated33, particularly in early-onset, male­

limited type 2 alcoholism36; indeed, early onset alcoholics have been

reported to have lower CSF 5-HIAA than late-onset alcoholics19.

Human85,86 and primate81 studies suggest a significant genetic

component in serotonin-re1ated measures. Also, mice with genetic

alterations affecting serotonergic neurotransmission show increased

aggression88-90 and alcohol intake91. However, environmental factors

may also be important. Early stressors lead ta greater developmental

declines in CSF 5-HIAA in monkeys relative to unstressed animals92.

The extent to which low serotonin funetion contributes to the genetic

risk for alcoholism remains to be determined. The present resuIts, if

replicated, suggest that the propensity for disinhibited behavior in

response to ATD might be a potential marker for the future

development of alcoholism.
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Newman and associates found that psychopaths and extraverts

make more CEs in the Rew-Pun condition, but not in the other

conditions of the go/no-go task75,79. Patterson and Newman93

suggested that when bath reward and response costs are present, these

individuals form a dominant response set for reward whÎch is resistant

to modulation by response cost. In the absence of the two oompeting

outcomes, disinhibition is not noted in these groups, ruling out a

generalized inhibitory and generalized reward-seeking difficulties. In

contrast, in the MPFH individuals, ATD appears ta induce a

generalized disinhibitory state, as the they made more CEs in ail four

condition of the go/no-go task. In this respect, MPFH men after ATD

exhibit disinhibited behavior similar ta children with attention deficit

hyperactivity disorder".

In this study, ATD caused an inaease in negative mood. This

change in mood is unliIcely ta be responsible for the alteration in

passive avoidance response because (i) it was seen in bath MPFH and

FH- individuals, (ü) mood did not prediet CEs, and (iii) response in the

go/no-go task is not influenced by modest changes in mood94. It is

noteworthy that in this study, the ability of ATD to elidt a "depressive"

effect was far less prominent than in unaffected men at high risk for

the development of mood disorders66.

A few methodological aspects deserve attention. The fact that

sorne of the participants, particu1arly those with MPFH, tested positive

for reœnt use of drugs of abuse is a concem, as is the fact that a number

of MPFH individuals felt nauseous and vomited after ATD. However,

regression analyses indicated that these variable did not affect the

go/no-go response.

Family histories were collected from the individuals rather than

directly from the relatives themselves. This method bas a high
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specifidty but a low sensitivity (correctly identifying only some of the

alcoholic relatives)55,56. Thus, there were probably additional

unidentified cases of alcoholism in the relatives of both MPFH and FH­

individuals. However, misclassification of a MPFH individual iota the

FH- group would work against our hypothesis, and 50 does not pose a

major problem for interpreting the results. Systematic classification of

the type of alcoholism in the fathers of MPFH individuals (i.e., type 1

or 2) was not accomplished in the present study, but should be

considered in future studies given reœnt results highlighting its

importance95•

Also of concem is the high failure rate in producing deœption in

the Taylor Aggression Task. However, the fact that similar results were

obtained when undeœived participants were included in the analyses

indicates that deœption may not be essential in the Taylor test, and

increases the credibility of our data.

A final factor to consider when interpreting the data is the

nature of the physiological changes induced by ATO. Recent results

suggest that AID produœs a substantial deaease in brain serotonin

synthesis41• However, while a decline in serotonin synthesis may

produce a decline in serotonergic neurotransmission, this remains a

working hypothesis. Furthermore, lowered levels of tryptophan may

lower the levels of other potentially psychoactive tryptophan

metabolites, such as tryptamine96, melatonin97, quinolinic add and

kynurenic add, as weil as brain protein synthesis. However, the fact

that results obtained using other experimental approaches also link

low serotonin ta increased impulsivity, suggests that the increase in

CEs seen in MPFH individuals in this study was due to lowered

serotonin function.
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• Table 1. Demographie aDd Family History Characteristics of Participants at Risk fOr

Alcoholism and Normal Controls·

MPFH FH-

Demographie Charaeteiltics

Number 24 33

Age, y 21.6 ± 2.6 21.3 ± 2.3

Weight, lbs 169±"O 161 :t26t

Education, y 13.7± 1.7 14.5± lM

IQ (WAIS-R short form) 110 %Il.5 113± 13.4

MAST 5.0±4.8 1.9± 1.8*

Drinks per week 1.5 %1.9 6.4 ± 6.2

• Caffeine, g/wk 1100 ± 842 840±1269

Baseline Depression (BOO 2.1% 3.1 2.8 ± 3.2

Mean number of patemal male

alcoholics per partidpant 2.8± 1.1 0.1 ±O.3tt

Psychiabie Disorders in Relatives

•

PaternaI Alcohol Abuse and Dependenœ

First-degree relatiws, No. (fil)"

Second~egreerelathes, No. (~)

MaternaI Alcohol Abuse and Dependenœ

Fll"St-degree relatives, No. (tJ,)

133

"0(28.4)

48 (16.2)

5 (5.3)

1 (O.9)t

2 (O.6)t

OCO)t



Second~egree reIaIïves, No. (..) 2 (0.1) 1 (0.3)1-

-MPFH indicates pmidpants with a multigenëratiODal patemal fallJîy history of

alcoholism; FR..., partidpants with no family history of almholism; 10, inteWgence

quotient; WAlS-R. Wechsler Adult Intelligence Scale - Revised; MAST, Michigan

Alcoholism Saeening Test; BOl, Beek Depression Inventory. Values represent raw

data and are expressed • mean ±5D.

"Perœntages of affeded relatives were calculated by dividing the total number of

affected relatives by the total number of relatives al ach degree level.

m=32.

:tp<.006

•

•

Second-degree relatives, No. (..)

Drug Abuse and Dependeaœ

Fll'St-degree relatiws, No. (..)

Second-degree relatives, No. (..)

Major Affective DisanIer

FlI'St-degree re1aIiws, No. (..)

Second~egree œiati,es, No. (..)

Antisocial Personality Disorder

FU'St-degree re1aIiws, No. (..)

Second-degree relatives, No. (..)

Anxiety Disorders (J*ÛC, agoraphobia)

rll'St-degree relatives, No. (..)

14(4.1)

6 (6.3)

7(2.4)

23(24.2)

27(9.1)

12(12.6)

7(2.4)

4: (4.2)

1 (0.3)1-

o(O)t

2 (0.6)1-

4(3.4)1­

13 (4.1)t

O(O)t

1 (0.3)1-

3 (2.6)t
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Table 2. Total and Free 'Plasma Tryptophan Levels Defore and Five Hours Following the Ingestion of a Balanced and

Tryptophan-Depleted Amino Add Load in MPFH and FH- Participants-

Balanced Mixture Tryptophan-Depleted Mixture

nme of Blood Draw MPFH (n-l1) FM- (n-18) MPFH (n-13) PH- (n-15)

TOiifl'juma Tryptophln

~,tment, ill/mL 10.8':t 1.8 Il.5± 1.4 11.1 :t2.1 10.7± 1.5

POIttreatment, ils/mL 15.3:i:4.2 11.9:i:6.3 1.3:i:O.s 1.1:i: 0.6

Perœntase chanse 41.5 56.1 -88.2 -90.0

Pree Pluma Tryptophâïi

Pretreatment, ils/mL 1.6 ±0.5 1.6 ±0.3 1.4 ±0.3 1.4 :t 0.2

POIttrealment, PI/mL 2.3:i:O.7 2.1:i: 1.1 0.2:1: 0.1 0.2:t0.l

Perœntap chanse 39.3 10.0 -#fi.' -89.6

-MPFH Indicates participants with a mulÎigenerational pateman::iljhiltory or:iCOhOlism; PH-, partidpants wUh'
no family hi.tory of a1œhoUsm. Values reprelellt raw data and are expreued u meut ±.tandud devi.don.
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Figure 1. Resulta OR the maetified Taylor alPession taak: a) Mean (:t

standard error) shock intensities chaeen, by riak group and provocation

level; b) Mean (± standard error) 1aIencies ta sbock administration by

amino aàd statua and provocation JeveL MPFH indicates participants

with a multigeneratkmal family history of patema1 alcoholism; FR-,

participants with 110 family history 01 alcoholism; T- indicates

tryptophan-dep1etecl amino acid mixture; B, balanced. amino add

mixture. Raw data are depicted.
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Figure 2. Mean (:t stalldud enm) omission (CEs) and ccmmission

errors (CEs) across mnditions cl the r,o/no-go ·leaming task in the four

groups of participants. MPFH indicates putidpants with a

multigeneraticmal family history of patema1 a1mholism; FH-,

participants with no family history ai alcoholism; T-, tryptophan­

depleted amino aad mixture; B, ba1anœd aDÛJIO acid mixture. CeIl

sizes for the four groups ale 18, Il, 16, and 12w œspectively. hw data are

depicted.
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. The first study demonstrated that ATD induœd an inaease in

disinhibition (commission errors) on a go/no-go task specifieally in

nonalcoholie young men with a multigenerational patemal family

history of alcoholism. A concomitant ina'ease in aggression on the

modified Taylor task was not found. The effects of ATD on mood

appeared ta be unrelated to its effects on disinhibition in MPFH young

men.

A number of questions were raised by these results. First, is the

effect of ATD on commission errors specifie to MPFH individuals? It

may he that another group of individuals, similarly at heightened risk

for future disinhibited behavior, might demonstrate inaeased

disinhibition on the go/no-go task after ATO. Young men rated by

their teachers as consistently high in physical aggression behavior

might be such a group. As reviewed abave, aggression, and particularly

impulsive aggression, has been inversely related to peripheral

measures of central serotonergie functioning in impulsive, violent

adults (Virkkunen, Rawlings, et al., 1994) as well as in children with

disruptive behavior disorders (I(ruesi et al., 1990). Stably aggressive

adolescent males, having already exhibited outwardly aggressive

behavior, and presumably at risk for exhibiting further aggressive

behavior, might be susceptible to an ATD-induced inaease in

disinhibition.

Second, what might be the mechanism producing the ATD­

induced inaease in commission errors on the go/no-go task in MPFH

men? Specifie abilities appear neœssary for optimal performance on

the go/no-go task. Motivation, attention ta the stimuli, concentration,

the ability to hold in short-term memory at least a subset of the stimuli

Ce.g., the active numbers), the ability ta actively monitor the numbers

held in memory and compare them to subsequent stimuli, the ability
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to learn the association between a stimulus, one's response and the

outcome (e.g., reward, punishment, etc), and the ability to withhold a

response to avoid punishment or nonreward appear essential for

optimal go/no-go performance. ATD muid be affect any combination

or aIl of these proœsses in inaeasing commission errors on the golno­

go task in MPFH men.

Some of the cognitive abillties listed above have been termed

executîve functions. Executive funetions describe capadties for the

initiation and maintenance of efficient goal attainment (Lezak, 1985).

They indude: abstract reasoning, problem solving, sustained attention,

concentration, programming and planning of goal-oriented motor

behavior slcills, modulation of behavior in light of expected future

consequences, anticipation of events in the regulation of behavior,

learning of contingency rules and the ability to use feedback eues, and

inhibition and response flexibility (versus perseveration) (Séguin,

Harden, Pihl, Tremblay, & Bouleriœ, 1995). Executive funetions operate

within worldng memory and require active monitoring (Petrides,

Alivisatos, Evans, & Meyer, 1993). They have been attributed to the

proper functioning of the prefrontal cortex (Lezak, 1985). There is

preliminary evidenœ that the prefrontal cortex is critically involved in

passive avoidance learning in humans. Activity of the right prefrontal

cortex was associated with the ability to withhold responding in a

go/no-go task in a reœnt positron emission tomography study with

healthy males (Kawashima et al., 1996). Executive functions have been

inversely related to physical aggression (Séguin et al., 1995),laboratory

aggression (Lau, Pihl, & Peterson, 1995; Giancola & Zeichner, 1994),

impulsive reactive aggression in sons of individuals

abusingldependent on a substance CGiancola, Moss, Martin, Kiriscï, &
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Tarter, 1996) and the adverse consequences of excessive alcohol use

(Giancola, Zeichner, Yamell, & Dickson, 1996).

In order to demonstrate that an A TD-induced inaease in

commission errors on the go/no-go task is mediated by decreased

executive functioning, it is neœssary to demonstrate that 1) ATD

interferes with executive funetions, and 2) disrupting executive

funetions leads to inaeased disinhibition. In the second study, a

hypothesized association between executive functions and

disinhibition is tested. Cognitive test factor scores derived in an earlier

study using this sample (Séguin et al., 1995) were used ta relate

executive funetîoning to disinhibition (commission errors) on the

go/no-go. As emphasized by Séguin et al. (1995), basic memory

functioning was controlled in order to dissociate the role of executive

functions in disinhibition from the role of more basic memory

proœsses.

Pre1iminary evidence suggests that ATD does not interfere with

cognitive abilities associated with prefrontal cortical functioning. Park

et al. (1994) concluded that ATD impaired memory and learning

proœsses but not measures sensitive to prefrontal dysfunction. In that

study, ATD impaired the ability to leam spatial associations between

abstract patterns, and the ability to leam a visual discrimination to

criterion, then upon an unannounœd change in the rule, display

cognitive flexibility to deduce the new rule. Impairment was not seen

following ATD on tasks involving planning and spatial working

memory, which were suggested by Park et al. (1994) to require proper

"Central Executive" function. Sinœ there was some evidence that ATD

affects cognitive processes that might be involved in go/no-go

performance (e.g., the leaming of associations), il may yet still be

demonstrated that ATD affects cognitive proœsses neœssary for go/no-
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go performance, including some "executive functions" subsumed by

the prefrontal cortex. at should be noted that one study (LeMarquand,

Peterson, Roth, Young, ~ Pîhl, 1994) found preliminary evidenœ that

tryptophan depletion affects executive functioning, induding the

ability to form spatial associations and maintain these associations in

working memory, however methodological irregularities limit the

interpretation of these findings). One of the difficulties noted in this

literature is the wide variation in operational definitions of executive

functions, and in the tests used ta assess executive functions, making

interpretation of these studies difficult.

Two notable changes were made to the methodology of the

second study. First, a within-subjects design was used to reduce the

number of participants needed, to inaease the sensitivity to detect an

effect of Am on disinhibition, and to observe if an effect of ATD on

disinhibition could be demonstrated in a within-subjects contexte

Second, the go/ne>-go was not canied out following an aggression task,

as in the fust study. Despite the hypothesis that changes in serotonin

synthesis are most Iikely to alter serotonin release and postsynaptic

function when serotonin neurons are firing at a high rate, as in states

of high arousal (Young, 1986; Young et al., 1988), it was decided not to

indude the modified Taylor Aggression task before the go/no-go due ta

concems about maintaining the deception across experimental days.
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ABSTRAcr

Low serotonin has been linked to aggressive behavior, and ta

behavioral dishibition. Executive functions (cognitive abilities

involved in the initiation/maintenance of goal attainment) have also

been implicated in aggressive behavior. We tested whether lowering

central serotonin synthesis via a dietary lowering of tryptophan (the

amino acid precursor of serotonin) wouId ina'ease disinhibition in

aggressive adolescent men. Cognitive-neuropsychological variables

predictive of disinhibition were also explored, with the hypothesis that

executive funetions would be significantly related to disinhibition.

Stable aggressive and nonaggressive young men reœived balanced and

tryptophan-depleted amino add mixtures separately (counterbalanced

and double-blind). Commission errors on a go/no-go leaming task (i.e.,

fallures to inhibit responding to stimuli associated with

punishment/nonreward) measured disinhibition. Aggressive

adolescent males made more commission errors compared to

nonaggressives. Lower executive functioning was significantly re1ated

to commission errors over and above conventional memory abilities.

Tryptophan depletion had no effect on commission errors in either

group, but tended ta inaease omission errors (failures to respond to

stimuli associated with reward) in aggressive adolescents in the

reward-punishment condition of the go/n~o task. The fallure of

tryptophan depletion to increase commission errors in this population

may have been due ta a œiling effect.
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INTRODUcnON

Serotonin (5-HI') bas been linked 10 aggression in animais

(Pucilowski and Kostowsld 1980) and humans (Tuinier et al 1995).

Clinically, studies with adults (Linnoila et al 1983; Vakkunen and

Linnoila 1993; Virkkunen et al 1981, 1994) and children (Halperin et al

1994; I<ruesi et al 1990) suggest that reduœd baseline funetioning of the

central5-HT system is assodated with aggressive/violent behavior.

Additionally, dietary depletion of tryptophan, the amino add precursor

of 5-HT, increases aggressive responding on a laboratory task in young

men with high trait aggression (assessed by the Buss-Durkee Hostility

Inventory) (Cleare and Bond 1995).

At a more fundamental level, 5-HT may be controlling the

inhibition of behavior (Soubrié 1986). The first goal of the present study

was to test the hypothesis that lowered 5-HT synthesis (and presumably

function) might increase disinhibition, defined as behavior committed

in the presence of stimuli previously associated with punishment or

10ss of potential reward. We studied the effect of tryptophan depletion

on disinhibition in stable aggressive young men, a population that Il

priori might be expected ta possess low baseline 5-HT functioning. This

sample was part of a large cohart followed longitudinally since the age

of five. Biochemical, cognitive/neuropsychological, behavioral,

personality and family history assessments have been made of this

cohort over the last 12 years. Stable aggressive young men have

exhibited high teacher-rated physical aggression from childhood to

mid-adolescence (Tremblay et al 1991).

The tryptophan depletion procedure bas been used to investigate

the consequences of lowered central S.HT functioning in humans. In
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this procedure, participants consume a mixture of amino acids devoid

of tryptophan. Consumption of this mixture results in the lowering of

plasma tryptophan, brain tryptophan and brain 5-HT in rats and

primates (Biggio et al 1974; Gessa et al 1974; Moja et al 1989; Young et al

1989), as weil as plasma free and total tryptophan (8enkelfat et al 1994)

and brain 5-HT synthesis (Nishizawa et al 1997) in humans.

A go/no-go passive avoidance leaming task previously shawn

to assess disinhibition in extraverted college students (Newman et al

1985; Patterson et al 1987), adolescent and adult male psychopaths

(Newman and Kosson 1986; Newman et al 1990), and children with

attention defidt and hyperactivity disorder (ADHD; Iaboni et al 1995)

was used in the present study to assess disinhibition. In this task,

participants must respond to "active" stimuli to gain or avoid the loss

of monetary reward and withhold responses to Ilpassive" s~uli to

avoid punishment or the 1055 of potential reward. Commission errors,

or fallures to withhold responses to passive stimuli (i.e., fallures to

display passive avoidanœ) represent a measure of disinhibition.

The second goal of the present study was to assess the

relationship between disinhibition and cognitive functioning.

Cognitive-neuropsychological proœsses have been implicated in the

regulation of aggressive behavior (Kandel and Freed 1989; Giancola

1995; Moffitt 1993; Pennington and Ozonoff 1996). Spedfically, selective

deficits in executive functions have been correlated with physical

aggression (Séguin et al 1995). Executive funetions subsume the

capacities for initiation and maintenance of goal attainment (Lezak

1985). These include the planning of motor sldlls, modulation of

behavior in light of expected future consequences, leaming to

contingendes, ability to use feedback, abstract reasoning, problem
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solving, and sustained attention and concentration (Séguin et al 1995).

Given the association between aggression and impulsivity, one might

expect decreased executive functioning to be associated with increased

disinhibition. In addition to executive functioning, measures of

conventional memory proœsses were also included in order to

examine if the hypothesized relationship between disinhibition and

executive functioning would hold after controlling for conventional

memory functioning. Cognitive functioning was measured by a

neuropsychological battery administered to this sample four years

earlier.

Additional measures were included before and after amino acid

mixture consumption to assess the effects of tryptophan depletion. A

supplementary measure of disinhibition, the Draw-a-Line Slowly

(DAIS) test, assessed the inhibition of motor aetivity (Rohrbeck and

Twentyman 1986). Mood variables were induded, as the mood­

lowering effect of tryptophan depletion is we11-documented <Benkelfat

et al 1994; Young et al 1985). State sensation seeking was assessed using

the Sensation Seeking State questionnaire (555; Zuckerman 1979).

Additional baseline measures (assessed in previous years) were

utilitzed to investigate their potential relationships with go/no-go

performance. An IQ estimate was used, as global intellectual

funetioning bas been associated with go/no-go performance (Helmers

et al 1995). Frequendes of parent- and self-rated childhood

extemalizing psychopathology were employed, as the presence of

ADHD has been associated with poorer passive avoidance learning

(Iaboni et al 1995). Famlly histories of alcoholism and depression may

also be important predictors of passive avoidance learning

(LeMarquand et al 1991), and thus were induded in this report.

148



•

•

•

R. o. Pihl - Tryptophan Depletion and Disinhibition

METHODS AND MATERIALS

Participants

Participants were selected from a sample of adolescents followed

since Idndergarten. One thousand and thirty-seven boys from 53

schools with the lowest socioeconomic index in the Montreal Catholic

School Commission were initially selected for study. To control for

cultural factors, boys were included ooly if bath their biological parents

were blrn in Canada and their mother longue was French. AIl boys

were Caucasian. They were 17 years old when tested.

Physically aggressive behavior was rated by teachers when the

boys were 6, 10, Il and 12 using the fighting subscale of the Social

Behavior Questionnaire (Tremblay et al 1991). This subscale is

comprised of three items: 1) fights with other children; 2) kicks, bites

and bits other children; and 3) bullies or intimidates other children.

Subscale ratings for 893 boys were available (see Séguin et al 1995 for

additional sample detaüs). Thase boys scoring above the 70th perœntile

at age 6 and at least two of the three additional assessment points were

classified as stable aggressive (SA), while those below the 70th

percentile at all assessment points were classified nonaggressive (NA).

From pools of 63 potential SA and 59 potential NA participants, 18 and

20 took part in the present study, respectively.

Procedure and Instruments

DEMOGRAPHIe VARIABLES. A number of variables were selected

from the longitudinal data set to compare the SA and NA samples

demographically. IQ was estimated according to Sattler (1988) using the
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Vocabulary and Black Design subtests of Weschler Intelligence Scale for

Children-Revised (WISC-R) (Wechsler 1974) administered at age 15.

Self-reported number of years in school, assessed in 1995, was included.

A family adversity index (Tremblay et al 1991) was constructed using

parental age at the birth of the first child, parental education, parental

occupational status (Blishen et al 1987), and family structure, ail

assessed when the participant was in ldndergarten. Partidpant­

reported fathers' and mothers' occupational status (average of 1994 and

1995 assessments) (Blishen et al 1987> and total family revenue (in 1993)

provided a more recent assessment of the participants' family

socioeconomic status. For total family revenue, units represent income

increments of $5000, beginning at one (i.e., 2=$5000 to $9999; 3=$10000

to $14999, etc.).

Teacher-rated aggression and anxiety represent the average of

participants' ratings at ages 6, 10, Il and 12 on the fighting and anxiety

subscales of the Social Behavior Questionnaire (Tremblay et al 1991).

Parent- (usually mother) and self-rated frequendes of ADHD,

oppositional defiant disorder (ODD) and conduct disorder were

evaluated using the Diagnostic Interview Schedule for Children (DISC­

2; 5haffer et al 1991) when the participants were between 14 and 16

years old. The OISC-2 is a struetured interview designed to assess

symptoms over the past six months. An earlier version of the DISC-2

has proven valid (Costello et al 1985). Patemal and maternai

alcoholism risk were estimated using the Short Michigan Alcoholism

Screening Test (SMAST; Selzer et al 1975). Mothers were interviewed

by telephone and asked questions on the SMAST for each of their sons'

first and second degree relatives. Patemal pedigrees were classified as

high risk if bath the father and patemal grandfather were alcoholic;
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medium. risk if only the father was alcoholic, and low risk if neither

the father or patemaI grandfather were alcoholic. Similar pedigree

classification was achieved for maternai alcoholism using alcoholism

in the mother and maternai grandmother. Frequencies of parental

depression were estimated over a three-year period using an abridged

version of the Diagnostic Interview Schedule - Revised (Robins et al

1981).

COCNITIVEINEUROPSYCHOLOCICAL VARIABLES. At ages 13 and 14

(1991/92), participants were administered a neuropsychological test

battery, desaibed previously (Séguin et al 1995), composed of the

Dichaptic Lateralization (DL) (Witelson 1974, 1976), Digit Span (DS) and

Paired Associates (PASS) (Wechsler 1987), Nonspatial Conditional

Association (NSP) (Petrides 1990), Self-Qrdered Pointing (SOP) (Milner

et al 1985), Spatial Memory (SM) (Smith and Milner 1981, 1989),

Strategie Problem Solving (SPS) (Becker et al 1986), Subjective Ordering

(Number Randomization, NR) (Wiegersma et al 1990), and Semantic

(SFL) and Letter Fluency (LFL) (Lezak 1983) tests. Séguin et al (1995)

factor analyzed the tests results on a larger sample (N=177) and lound

four factors accounting for 58% of the variance: Verbal Learning

(composed of the SFL, LFL, PASS and OS tests), Incidental Spatial

Learning (composed of the SM subtests), Tactile Lateralization

(composed of the DL subtests) and Executive Function (composed of

the NSP, NR, SOP, SPS tests). Participants' scores on three of the four

factors were used in the present study to assess cognitive­

neuropsychological oorrelates of disinhibition on the go/no-go task.

Verbal and Spatial Leaming were induded ta assess conventional

memory processes (Séguin et al 1995). (Tactile Lateralization was not

included in these analyses because it did not differentiate stable
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aggressive from unstable and nonaggressive boys, and was not of

theoretical interest).

ACUTE TRYPTOPHAN DEPLETION. Prospective participants were

mailed an information sheet outlining the study, and parental and

participant consent forms. Potential participants were contacted by

telephone by trained research assistants who had had previous oontaet

with the boys. Thase boys interested in partidpating were asked to sign

the consent form and obtain parental consent. They were scheduled for

the first lab test day, and asked to avoid consumption of certain foods

high in protein (e.g., meats), abstain from alcohol and!or recreational

drug use the day before each lab session, and refrain from eating

breakfast on test days.

A 2 (group; SA, NA) X 2 (amino acid administration; tryptophan

depletion

[T-) and balanced amino acid mixture [B» between-!within-subjects

design was employed. Each participant was tested on two days,

separated by at least one week. On each day, participants consumed an

amino acid mixture administered double-blind. Assignment to order of

amino acid administration cr-and B, or B and T-) was counterbalanced

within groups. Research assistants who administered the amino add

mixtures, tests, questionnaires, and other procedures were blind to the

young mens' behaviour ratings.

One or !WO participants were scheduled per test day. Barly in the

morning, the boys were transported by car from their homes to the

laboratory. Testing commenœd at approximate1y 9:00 am. Upon arrivai

at the lab, adherenœ to the previous day's spedfied menu and the

prohibitions against recreational drug!alcohol use and breakfast

consumption were assessed (via self-report). Mood was assessed using
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the Beek Depression Inventory (BOl; Beek et al 1961), the Profile of

Mood States (POMS; Lorr et al 1982; McNair et al 1988), the IIState"

version of the State-Trait Anxiety Inventory (STAI; Spielberger et al

1970), and the Visual Analogue Mood Scales (VAMSi Bond and Lader

1974). State sensation seeking was assessed using the Sensation Seeking

State questionnaire (S55; Zuckerman 1979). After the mood

assessment, participants did the Draw-a-Une Slowly (DAI.S) test. In this

test, participants were asked to draw a line as slowly as possible from

the top to the bottom of a 9" x 1" column without aossing the

boundaries. Following this test, ten milliliters (ml) of venous blood

were drawn. from each participant to obtain a measure of pre-treatment

plasma total and free (non-a1bumin-bound) tl'yptophan leve1s.

AMINO AclO ADMINISTRATION. The T- amino acid mixture was

the same as that employed by Young et al (1985) exœpt that Il.0 g L­

lysine monohydrochloride was employed in lieu of 8.9 g L-Iysine. The

B mixture contained the same amino acids plus 2.3 g L-tryptophan. The

amino acids were combined with 150 ml orange juiœ and 0.8 g artificial

sweetener (sodium cyclamate) to improve taste. An altemate

combination consisting of 150 ml water and 40 ml chocolate syrup (in

lieu of the orange juice) was offered to guard against the development

of a conditioned taste aversion. Participants were additionally required

ta swallow twelve capsules containing three amino aciels (4.9 g L­

arginine, 2.7 g L-eysteine, and 3.0 g L-methionine) not included in the

mixture due to their bitter taste. They were allowed ad libitum water to

accomplish thïs. Chewing gum was provided to participants to remove

the aftertaste.

Immediately following amino add administration, on the first

test day only, paper-and-pendl questionnaires measuring various
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personality dimensions were administered. Participants were weighed

and their height was measured. During the ensuing four ta five hour

waiting period, participants were allowed ta read or watch one or two

movies. They were prohibited from sleeping. Five hours alter amino

acid administration, a second 10 ml blood sample was drawn from each

participant for analysis of the effects of the amino acid mixtures on

plasma tryptophan levels. Mood and state-impulsivity were reassessed,

and the DAIS test was re-administered.

ASSESSMENT Of DISINHIBmON: THE Go/No-Go TASIC.

Participants were required ta leam, by trial-and-error, to respond (press

a button) to "active" stimuli (two-digit numbers paired with reward)

and withhold responses to "passive" stimuli (two-digit numbers paired

with punishment). For the first session, eight numbers (four active,

four passive) were repeated ten limes in different, randomized orders

for a total of 80 trials. For the second session, ten different numbers

(five active, live passive) were repeated eight limes in randomized

orders, again for a total of 80 trials. Four different sets of stimuli were

employed per session, one for each condition. Additional

characteristics of the stimuli have been presented elsewhere (Newman

and Kosson 1986).

Visual, auditory and monetary feedback followed each response.

Correct responses were rewarded with a high-pitched tone,

presentation of the word "CORRECT" on the computer saeen, and the

addition of ten cents ta a running tally of the partidpant's eamings

presented on saeen. Incorrect responses were punished by a low­

pitehed tone, the word ''WRONG'', and subtraction of ten cents from

the participant's eamings.
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Each participant did four conditions of the go/no-go task. In the

reward-punishment (Rew-Pun) condition, participants started with

one dollar. Responses ta active stimuli were rewarded, and responses

ta passive stimuli punished. In the punishment--only (Pun-Pun)

condition, participants began with four doUars and had no opportunity

ta win more money. Responses ta passive stimuli and failures ta

respond to active stimuli were punished. In the reward-only (Rew­

Rew) condition, participants began with no money and couId not lose

money. Responses to active stimuli and withholding responses to

passive stimuli were rewarded. In the final punishment-reward (Pun­

Rew) condition, participants started with one dollar; fallures to respond

to active stimuli were punished, and non-responses to passive stimuli

were rewarded. (For a tabular summary of the four conditions, see

Iaboni et al 1995). Each condition was preœded by a reward

pretreatment (twelve [first session] or fifteen [second session] trials

presented in the format desaibed above with the frequency of active

and passive stimuli in the ratio of 2:1) before the standard 80 trials of

the condition. This pretreatment served ta estabUsh a dominant

response set for reward (Newman et al 1990 ; Patterson et al 1987).

Participants reœived instructions concerning the nature of

golno-go task, the reinforœment contingencies, and the pracess of trial

and error learning. In the presence of the experimenter, they reœived

eight practice trials involving four presentations of each of two practice

stimuli (01 as an active stimulus; 02 as a passive stimulus). The

experimenter answered any questions the participant had, but was not

present during adual testing. Participants were randomly assigned to

one of the 24 possible orders of presentation of the four conditions. At

the conclusion of each condition, the experimenter re-entered the
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room ta explain the demands of the next condition. Dependent

measures for this task included commission error <CEs; failures to

inhibit responses to passive stimuli) and omission errors (DEs; failures

to respond ta active stimuli) for each rondition.

TR.YPTOPHAN KEPLEDON. FoUowing completion of the go/n~go

task, participants were provided with a high protein snack and a 1 g L­

tryptophan tablet to normalize plasma tryptophan levels Ü the

individual was tryptophan-depleted, or to maintain the double.blind

status of the study if the individual reœived the B amino add mixture.

The tryptophan preparation used (Tryptan) is available by prescription

in Canada and bas not been associated with any cases of eosinophilia­

myalgia syndrome (Wilkins 1990). One hour following the start of

meal consumption, a final 10 ml blood sample was drawn for analysis

of the effects of the amino add mixtures foUowing repletion. The

participants were remunerated for their time and given their winnings

on the golno-go task. Alter completing bath amino acid

administrations, participants were debriefed. They were provided with

an information sheet outlining the basic goals of the study, and any

questions they had were answered.

Determination of Plasma Tryptgphan Concentrations

Plasma free and total tryptophan was measured in aIl blood

samples as an index of tryptophan depletion. This procedure bas been

fully detailed previously (Benkelfat et al 1994).

Data Analysis

Variables were initially inspected by group for normality,

homogeneity of variance and outliers. Appropriate transformations or
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treatment of ouillers were applied to correct for violations of these

assumptions (Tabachnick and Fide1l1989), and where employed, are

specified. Demographie characteristics of SA and NA participants were

compared using t-tests for continuous variables or Fishers Exact Test

(two-tailed) for frequencies. Plasma free tryptophan levels were

analyzed using a 2 (group; SA, NA) X 2 (treatment; T-, B) X 3 Ctime; pre,

five hours post amino acid consumption, one hour post repletion)

between-within ANOVA. For the go/n~go disaimination task,

separate 2 (group) X 2 (treatment) X 4 (condition; Rew-Pun, Pun-Pun,

Rew-Rew, Pun-Rew) mixed-mode1 analyses of variance (ANOVAs)

were performed on omission and commission errors. The DALS and

mood data were analyzed using separate 2 (risk) X 2 (treatment) X 2

(time; pre, five hours post amino add consumption) between-within

ANOVAs. Statistically significant interactions were further analyzed

using simple interaction effects tests followed by pairwise comparisons

using the Newman-Keuls procedure. Geisser-Greenhouse (G-G)

corrections were used for ail main eHects and interactions involving

repeated measures. Relationships between

cognitive/neuropsychological functioning and disinhibition on the

go/no-go were explored using multiple regression.

Ethical Approval

AIl participants involved in this study, as weil as their parents,

gave written informed consent. The study was approved by the

Research Ethics Board of the Department of Psychiatry, McGill

University.
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Six participants (three SA, three NA) completed oo1y one of the

two amino acid test days. Go/n~odata for the missing test day for

these participants was estimated using group means. Additionally,

three participants (one SA, two NA), who completed bath amino add

test days, came for cognitive testing at age 13 but not at age 14. Factor

scores for the two missing factors (Verbal Learning and Executive

Funetion) were estimated using multiple regression to prediet missing

test data within each factor, then multiplying the predided test scores

by the factor weights to estimate the factor scores.

An additional three NA and two SA participants vomited

during one of the test days, were retained for testing on that day, and

subsequently completed the entire experiment. In four cases, emesis

occurred during the T- amino acid session.

Demoaraphic Data

Demographie characteristîcs of the study sample are presented in

Table 1.

Insert Table 1 about here

SA participants had lower estimated IQs [t (23.14) =-290, P=.008], fewer

years of education [t (17) = -3.42, P = .0(3), lower famlly revenues in 1993

[t (36) =-217, P=.037], and higher (square root) teacher-rated averaged

aggression [t (36) =19.62, P< .(01) and averaged anxiety [t (36) =2.94, P=

.006]. There tended ta be a higher frequency of parent-reported ADHD

in the SA group Cp =.08).
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Serum Free And Total Tryptophan Levels

Plasma free tryptophan concentrations were square root

transformed ta correct for positive skewness and violations of the

homogeneity of variance assumption. Plasma free tryptophan

concentration for one case five hours post amino add administration

was identified as an outlier, and brought into the next nearest value.

This individual's plasma free tryptophan did not deaease following

tryptophan depletion, despite a substantiallowering in plasma total

tryptophan. A 2 (group) X 2 (treatment) X 2 (time) ANOVA, with

treatment and time repeated-measures factors, on plasma free

tryptophan concentrations revealed a highly significant treatment by

time interaction [G-G F (1.11,39.80) = 28.47, P< .001]. The T- amino acid

mixture significantly decreased, while the B mixture significantly

increased, plasma free tryptophan levels five hours post-consumption

across groups. The T- mixture led 10 a decline in plasma free

tryptophan of 81% across groups, whereas the B mixture 100 to, on

average, a 95% increase in plasma free tryptophan concentration. In

those four individuals (1 SA, 3 NA) who vomited in the T- session and

were retained for testing, plasma total and free tryptophan dropped

64.8% and 48.2% respectively.

Consumption of the snack and the 1 g tryptophan supplement

led to a 353% increase in plasma free tryptophan in the B condition and

a 269% increase in the T- condition relative to pre-amino acid

administration levels (see Table 2). Levels of total and free tryptophan

were significantly lower in those who reœived the T- mixture

compared to the B mixture following meal consumption and

tryptophan supplementation.
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Insert Table 2 about here

Go/No-Go Task

Errors (omission and commission) were summed separately

across the eighty trials within each condition. Errors within the reward

pretreatment were not included because participants had to be exposed

ta the stimuli at least once in order to leam which were active and

passive. Square root transformations were applied to normalize the

positively-skewed distributions of the omission and commission

errors. A 2 (group) X 2 (treatment) X 4 (condition) ANOVAs on square

root OEs revealed a significant group X treatment X condition

interaction [G-G F (281,101.15) =3.51, P =.02] (see Figure 1).

Insert Figure 1 about here

Further analysis revealed a significant group X treatment interaction in

the Rew-Pun condition [F (1,36) = 5.66, P < .03]. Newman-I<euls past­

hoc tests failed to show significant differences between any of the

means, however square root omission errors were near significantly

increased following tryptophan depletion in the SA group relative to

their (square root) omission errors following the balanced amino acid

mixture, and relative to (square mot) omission errors following the T­

mixture in the NA group.

Analysis of square root CEs revealed a significant group [F (1,36)

=8.96, P=.005] and condition [G-G F (267,96.07) =5.07, P< .01] main

effects. SA participants made more (square root) CEs compared to NA
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participants, and a1l participants made fewer (square root) CEs in the

Rew-Pun condition relative to the Pun-Rew condition. No main effects

or interactions involving treatment were significant, indicating that

tryptophan depletion had no effect on square root CEs by group or

condition (see Figure 1).

Square root omission and commission errors were reanalyzed

(separately) using estimated 10, years of education, family revenue,

average teacher-rated anxiety, and parent-rated ADHD diagnosis as

covariates in separate ANCOVAs. In the analyses of square root OEs,

none of the covariates altered the significant group X treatment X

condition interaction. In the analyses of square root CEs, estimated IQ

was a marginally significant covariate [F (1,35) =4.04, P =.052], reducing

the group main effect ta a trend [F (1,35) = 3.56, P =.068]. Average

teacher-rated anxiety was a significant covariate [F (1,35) =6.22, P =.02],

similarly reducing the group main effect ta a trend [F (1,35) =3.16, P=

.08]. Years of education, family revenue and paren.t-rated ADHD

diagnosis were not significant covariates, and did not affect the group

difference in commission errors.

Draw-a-Line Slowly Task

For the DALS test, all four variables (pre- and posttreatment, T­

and B amino add mixtures) for one case were identified as outliers and

brought in to the next nearest values. These measures were square root

transformed to normalize moderate positive skewness. A 2 (group) X 2

(treatment) X 2 (time) ANOVA revealed a trend for a group X

treatment X lime interaction [F (1,36) = 3.45, P = .072]. Inspection of the

means revealed tbat the SA group drew slightly quicker five hours

post-consumption of the T- mixture relative to pre-amino add
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consumption, whereas the NA group drew slightly slower (raw means

[seconds] ± standard deviations: Pretreatment: T-, SA 16.3 ± 8.6; T-, NA

28.7 ± 30.4; Posttreatment: T-, SA 15.4 ± 9.9; T-, NA 32.9 ±37.8).

Go/No-Go and Cosnitiye variables: Intmelationships

In order to explore relationships between disinhibition on the

go/no-go task and cognitive funetioning, square root omission and

commission errors were averaged (separately) across conditions then

treatments and used as dependent variables in separate multiple

regression analyses. Estimated IQ was employed as a measure of

general inte11ectual ability, and the factor scores for the Verbal

Learning, Incidental Spatial Leaming, and Executive Function factors

were used as indicators of cognitive functioning. These variables were

entered on separate steps, in that order, to test whether executive

function was associated with disinhibition over and above Io, spatial

memory and verbal abilities, the latter two assessing conventional

memory processes. Group membership (stable aggressive versus

nonaggressive) was added on the last step to see if aggressive status was

related to disinhibition over and above cognitive functioning.

Executive Function significantly predicted average square root

commission errors [B (unstandardized)= ~.50, t =-3.07, P=.004] over

and above IQ, spatial memory and verbal skill. Aggressive group status

did not predict (square root) commission errors [8= O.34,t = -1.08, P =.29]

over and abave cognitive functioning. The final equation accounted

for 39% of the variance [adjusted R2; F (5,32) =5.12, P=.0007]. Addition

of the Executive Function factor accounted for 21% of the variance in

(square root) commission errors over and above the 18% accounted for

by estimated IQ and the Spatial and Verbal factors. Figure 2 portrays the
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relationship between commission errors (by group, averaged across

conditions and treatments) and executive funetion factor scores.

Insert Figure 2 about here

None of the cognitive variables, nor group membership, predicted

average square root omission errors.

Mood Variables

Separate 2 (group) X 2 (treatment) X 2 (tinte) ANOVAs were

performed on the BOl, the state STAI, the anxiety and state sensation

seeking subscales of the SSS, the POMS subscales and the VAMS items.

Some variables were transformed. to normalize skewed distributions.

Only significant effects involving the time factor (pre, five hours post

amino acid consumption) are reported in order to assess group or

amino acid effects, or the interaction of these, across time. There were

no such effects on the anxiety or state sensation seeking subscales of the

SSS scale, the state STAI, or on any of the POMS subscales. In fact, there

was seant evidenœ of an effect of the tryptophan-depleted mixture on

mood across time. The only sum effect was a treatment X time

interaction on the contented-discontented scale of the VAMS [F (1,36) =

7.22, P = .01], resulting from ail participants indicating greater feelings

of discontent following tryptophan depletion relative to the B amino

acid mixture posttreatment. Group effects across time primarily

involved the NA group, as they reported feeling more feeble at posttest

on the strong-feeble scale on the VAMS [group X tinte F (1,36) =4.65, P

< .04] relative to the SA group, and they tended towards less hunger at

post-test on the hungry-full scale [group X time trend F (1,36) =3.81, P =
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.059] relative to pre, and ta SA participants both pre and post amino

acid administration. Finally, on the BDI, a group X tinte interaction [F

(1,36) = 4.65, P < .04] resulted from the SA group showing a greater

decrease in self-report depressive symptoms across time relative to the

NA group across amino acid conditions.

DISCUSSION

The effect of tryptophan depletion on disinhibition (commission

errors), and the relationship between executive funetions and

disinhibition, were investigated in this sample of stable aggressive and

nonaggressive adolescent males, a subsample of a larger, well-defined,

longitudinal cohort followed for the last twelve years. There are two

primary findings in the present study. The first is that SA participants

made more commission errors than NA participants across go/no-go

and amino add conditions. This is congruent with previous work

demonstrating increased commission errors (but similar omission

errors) in incarcerated psychopaths, extraverts, and juvenile

delinquents (Newman and Kosson 1986; Newman et al 1985, 1990;

Patterson et al 1987) and children with attention deficit hyperactivity

disorder (laboni et al 1995). Inaeased commission errors in

psychopaths, extraverts and juvenile delinquents were found in the

reward-punishment condition only (not in the reward-reward or

punishment-punishment conditions), leading to the hypothesis that,

in situations with competing reward and response rost, a dominant

response set for reward is formed making response inhibition difficult

when confronted with stimuli associated with response cast (Newman

and Wallace 1993). In the present study, commission errors were
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increased aaoss go/n~o conditions in SA participants (as weil as in

ADHD children; Iaboni et al 1995), suggesting a more global

impairment in behavioral inhibition in SA young men. Altematively,

the fact that participants in the present study and in that of Iaboni et al.

(1995) did all four conditions of the go/n~o whereas participants in

the studies by Newman and bis associates (Newman and Wallace 1993)

did the go/no-go conditions between-subjects may have had an impact

on the findings. Taken together, these studies suggest that disinhibition

is an important characteristic of individuais with a history of

aggressive behavior.

The second important finding of the present study is the

association between executive funetions and disinhibition

(commission errors on the go/no-go). This association was robust even

after controlling for IQ and conventional memory proœsses, and it

accounted for the difference in commission errors between the SA and

NA participants, as group membership was no longer assodated with

commission errors after controlling for executive funetions. These

findings are consistent with the association between physical

aggression and executive funetions (Séguin et al 1995). This association

has been hypothesized to reflect tIan inability to organize severa!

parameters simultaneously, uncover romplex rules, antidpate

consequences of choiœs and actions, and reflect abstractly (verbally or

otherwise) in order to solve interpersonal and sodal problems" (p. 621,

Séguin et al 1995). The association between commission errors on the

go/no-go and executive funetions may represent a difficu1ty in

anticipating the consequences of choiœs and actions on a moment-ta­

moment basis, and thus reflect an underlying pracess in the executive

funetions/aggression re1ationship.
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Neuroimaging studies have implicated the dorsolateral

prefrontal cortex in the performance of neuropsychologieal tests

tapping executive functions (tests similar ta those used ta derive the

executive functions factor of the present study) (Petrides et al 1993a, b).

Executive functions have been found ta be related to aggressive

behavior on a laboratory task (Giancola and Zeichner 1994; Lau et al

1995). Furthermore, neuropsychologica1 tests assodated with areas 9

and 46 of the dorsolateral prefrontal cortex are most assodated with

physical aggression after controlling for attention defidt hyperactivity

disorder and JQ (Séguin et al 1997). Giancola (1995) bas hypothesized

that the dorsolateral prefrontai cortex may be involved in physieal

aggression, while the orbitofrontal cortex may be associated. with

"disinhibited-nonaggressive" behavior. Future investigation might

focus on which specifie executive functions and which

neuroanatomical areas in the frontal cortex are most highly correlated

with commission errors. A reœnt positron emission tomography study

found that no-go responses (inhibition of thumb flexing) were

associated with activation in the right prefrontal cortex (approximately

area 46) in healthy males (Kawashima et al 1996).

Tryptophan depletion had no effect on disinhibition on the

go/no-go task in aggressive, disruptive young men, in contrast to an

earlier study in which tryptophan depletion inaeased commission

errors in young men with family histories of alcoholism (LeMarquand

et al 1997). Tryptophan depletion did tend however to increase drawing

speed (slightly) in the DAIS test in the SA group, and decreased it in

the NA group, suggesting a weak effect on disinhibition in this task. As

weIl, tlyptophan depletion inaeased omission errors in the reward-
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punishment condition, an effect that could be attributed ta reduced

attention or motivation.

The absence of a tryptophan depletion effect on disinhibition

may have been due to a ceiling effect: SA partidpants made more

commission errors compared 10 NA participants in the 8 amino add

condition as well as the T- condition. This suggests that the SA group

was disinhibited at baseline (i.e., alter the B amino add mixture),

washing out a potential T- effect. A1tering the go/no-go task ta facilitate

behavioral inhibition (e.g., adding a brief lime periocl after stimulus

presentation where no response is possible) might lower the number of

CEs in the B condition, allowing for the demonstration of a T- effect.

Stable aggressive partidpants made more CEs following the B

amino add mixture, which may indicate reduced baseline sero1onergic

functioning in these individuals. Reduced baseline serotonin leve1s in

aggressive children and adolescents have been suggested by a number

of studies. Cerebrospinal fluid 5-hydroxyindoleaœtic add, a major

metabolite of 5-HT, was inversely correlated with aggressive behavior

in 6 to 17 year old boys with disruptive behavior disorders (I<ruesi et al

1990), and predieted aggressive ratings two years later (Kruesi et al

1992). Halperin et al (1994, 1997) lound age-related changes in prolactin

response to fenfluramine challenge. Younger aggressive boys « 9.1

years) demonstrated a greater prolactin response compared to age­

matched controls. In the older cohort (> 9.1 years), prolactin response to

fenfluramine was slightly higher in the nonaggressive boys, suggesting

that normal boys may undergo a deve10pmental increase in

serotonergic functioning, while aggressive boys do not, subsequently

leading to a blunted prolactin response in aggressive boys relative to

controls. In the present study, SA and NA participants did not differ on
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one possible factor influencing serotonin synthesis: baseline plasma

tryptophan levels. (Interestingly, however, plasma tryptophan levels in

SA participants after repletion did not increase to the level of NA

participants following tryptophan depletion, possibly suggesting a lag

in the availability of tryptophan for S.HT synthesis in some

circumstances; Buydens-Brancheyet a11989). If aggressive young men

do have somewhat lower baseline serotonergic functioning,

augmenting baseline serotonin leve1s should decrease disinhibition

(commission errors).

Altematively, the present sample of aggressive young men may

not represent individuals with the greatest susœptibility to the effects

of tryptophan depletion. Previous research bas shown tbat it is

individuals with psychiatrie disorders (Barr et al 1994; Delgado et al

1990) , and those at risk by virtue of a family history of a disorder

(Benkelfat et al 1994; LeMarquand et al 1991) that demonstrate

behavioral effects of tryptophan depletion, while healthy individuals,

by and large, do not (Young 1992). In the present study, 16 of the 18 SA

adolescent males were also rated by their teachers as high in anxiety

(Le., greater than the 70th perœntile on the anxiety subseale of the

Social Behavior Questionnaire (Tremblay et al 1991) at age 6 and at least

two of the three other assessment points). Eight additional nonanxious,

aggressive young men dedined to participate when contacted. Thus we

were unable to test a subgroup of individuals who, Il priori, might he

most likely ta show increased disinhibition following tryptophan

depletion. It is aIso important ta note that the SA and NA groups were

we1l-matched. in terms of paternal and maternai alcoholism family

history; it may be that inereased disinhibition following tryptophan
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depletion is relative1y specifie to young men with family histories of

alcoholism (LeMarquand et al 1997).

Young et al (1986, 1988) have hypothesized that changes in 5-HT

synthesis may have the greatest effect on 5-HT re1ease and postsynaptie

funetion when 5-HT neurons are firing at a high rate. A state of

behavioral arousal might faci1itate higher Bring rates in 5-HT neurons

(Trul5On and Jacobs 1979) relative to an unaroused state, creating a

greater differential in 5-HT release and post-synaptie function between

the balanced and tryptophan-depleted amino acid administrations. In

the current study, participants did the go/no-go task after completion of

the mood questionnaires, 50 arousal leve1s may have been low in these

participants. In contrast, tryptophan-depleted young men with a

patemal family history of alcoholism demonstrated inereased

commission errors when the go/n~go followed an aggression task

CLeMarquand et al 1997), possibly as a result of increased arousal.

We did not require participants to adhere to a specified low

protein diet in the present study, as bas been done in previous studies

(BenkeHat et al 1994; Delgado et al 1990), due to concems of differential

adherenœ ta the diet between groups (i.e., that SA participants would

not adhere to the diet). The T- mixture depleted plasma free tryptophan

by 81%, on average, between groups in this study. This is slightly lower,

although comparable to the degree of depletion of plasma free

tryptophan achieved in other studies in our and other's laboratories

(approximately 88% in Benkelfat et al 1994, LeMarquand et al 1997 and

Leyton et al 1991; 83% in Delgado et al 1994 and Ellenbogen et al 1996;

and 91% in Delgado et al 1990). It is possible, however, that the absence

of an effect of tryptophan depletion on disinhibition was due ta an

inadequate lowering of plasma free iryptophan availability.
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The lack of a prominent effect of tryptophan depletion on mood

is intriguing. The mood-lowering effect of tryptophan depletion is a

well-replicated phenomenon, noted in healthy controls with high

normal baseline depression scores (Smith et al 1987; Young et al 1985),

individuals at risk for affective disorder (Ben1œ1fat et al 1994), and

clinical groups (Barr et al 1994; Delgado et al 1990; Smith et al 1997), but

not in healthy controls with low normal baseline depression scores

(Abbott et al 1992). The weak T- effect on mood in the present study is

congruent with the absence of an effect on disinhibition, perhaps for

the reasons detailed above.

ln summary, stable aggressive adolescent males were more

disinhibited (i.e., made more commission errors) compared to

nonaggressive young men on a go/no-go task. Moreover, executive

funetions accounted for a significant proportion of the variance in

commission errors in the entire sample, over and above IQ, memory

abilities and group membership (stable aggressive versus

nonaggressive). Tryptophan depletion had no effect on disinhibition in

stable aggressive young men, possibly due to a œiling effect.
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Table 1. Demographie Charaderistics of Stable Aggr!llive (SA) and Nonaggressive

• (NA) Participants·

Measure (Year of Assessment) SA NA

Number 18 20

Age, y 17.2±0.4 17.0±0.6

Height, cm 171±1.1 115 ± 5.2

Weight, lbs 158 ± 36.9 141:t 17.1

IQ, (WISC-R short form) 93 ± 14.9 104±6.1*

Education, years (199S) 10.3:t0.9 11.0±0.~

Family Social

Family Adversity (1984) 0.4±0.2 0.4±0.2

• Family Revenue (1993) 5.8±2.7 8.0±3.4t

Mother's Occupational Prestige (1994-95) 34.1 ±6.9 38.1 ± 11.6

Father's Occupational Prestige (1994-95) 4O.9± 10.2 46.2± 11.3

Persona! Behavior

Teacher-rated Aggressioll 2.9:t0.9 0.1 ±0.1*

Teacher-rated Anxiety 4.8± 1.7 2.9±2.1*

Parent-rated ADHD (1992-91) 3 (18.8; n-16> o(O.O)tt

Parent-rated aOD (1992-91) 2 (12.5; n-16) 0(0.0)

Parent-rated Conduct Disorder (1992-94) 2 (11.8; n-17) 0(0.0)

Se1f-rated AOHD (1992-94) 1 (5.6) 1 (5.0)

• 184



• SeH-rated ODD (1992-94) 0(0.0) 0(0.0)

Se1f-rated Conduct Pmblems (1992-94) 1 (5.6) 1 (5.0)

Parent Psychiatrie

Paternal Almholism Pedigree (1990)

Neither Father, Pat. Grandfather Almholic 13 (16.5) (n-l7) 14 (87.5) en-t')
Father Alcoholie 2 (11.8) 0(0.0)

Father, Patema1 Grandfather Alcoholic 2 (11.8) 2 (12.5)

15 (88.2) (n-l7) 16 (100.0) (n-t6)

o(0.0) 0 (0.0)

2 (11.8) 0 (0.0)

Maternai Alcoholism Pedigree (1990)

Neither Mother, Mat. Grandmother Alcoholic

Mother Alcoholic

Mother, Matema1 Grandmother Alcoholic

Parental Depression (1992-94) 2 (11.8; n-t1) 4 (20.0)

•

•

"Values represent raw data and are expressed as man ± 50, or frequency

(perœntage).

tp <.05

iP < .01

ttp =.08
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Table 2 Total and Free'Plasma Tryptophan Levels (mean ± standard deviation) at Baseline and Five Hours

Following the Ingestion of a Balanœd and Tryptophan-Depleted Amino Add (AA) Load, and Following Tryptophan

Repletion, in SA (Stable Aggressive) and NA (Nonaggressive) Partidpants

SA (n=18) NA (n=20)

nme of Blood Draw B Mixture T· Mixture B Mixture T- Mixture

TotafTryptophan

BaseHne, PI/mL

5 h Post AA Mixture, fis/mL

10.8:1: 2.3

15.6:1:6~8

(+42.4'1>

11.1 :1: 2.9

1.4:1:0.5

(-87.0'1)

11.6:1:2.1

18.9:1:3.1

(+65.8'1)

11.6:1: 2.4

2.0:1: 1.5

(-82.1'1)

Repletion, tiS/mL 25.9:1: 10.9 18.7:1: 13.9 35.3:1: 11.7 26.2:t 16.3

(+147'1) (+78'1) (+2061») (+1361»)

2.3:1: 1.0 0.2:1: 0.1 3.0:1: 0.8 0.3:1:0.3

(+76.9'1) (-85.3") (+114'1) (-76.9")

5.1:t 3.0 4.6:t3.6 1.3:1: 3.2 S.1:t4.7

(+279") (+220") (+4281») (+317'1)

Repletion, tiR/mL

Free Tijptophan

BaaeHne, pg/mL 1.3:1: 0.3 I.S:I: 0.3 1.5:1: 0.4 I.S:I: 0.3

5 h Post AA Mixture, pg/mL
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Figure 1. Mean (± standard enor) œnission aDd commission errors by

condition in uda of the two groups following CODSUmption of the two

amino add loads. Rew-Pun indicates the reward-punisbment go/no-go

condition; Pun-Pun, punishment-punishment Rew-Rew, reward­

reward; Pun-Rew, punishment-reward. T- indicates tryptophan­

depleted amino add mixture; B, balanœd amiDo add mixture; SA,

stable aggressive participants; NA, aonaggressive participants.
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Figure 2. Correlation between commission aiŒS on the SO/no-go

(averaged across conditions and treatments) and executive function

factor smres. SA indicates stable agressive putiàpants; NA,

nonaggressive partidpants.
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GENERAL DISCUSSION

Acute tryptophan depletion iDcreased disinhibition

(commission errors), but DOt agression, in nonalcoholie young men

with a multigenerational patemal family history of alcoholism in the

first study. This study provides the fint demonstration that an

experimental reduetion of tryptophan availability, and presumably a

reduction if the synthesis and post-synaptie functiOll of œntral 5-HT,

leads to increased behaviol'al disiDhibition on a IO/no-so leaming task.

It provides strong evidence supporting the hypothesis that central

serotonergie funetioning is inversely related to impulsivity

(Virkkunen, Goldman, ~JeIsen,.Linnoila, 1995). In mntrast, ATD

had no eHect on disinhibition in stable agressive adolescent males in

study two, however it did affect omission errors in the reward­

punishment condition of the.go/no-so- The dHferential response

between the two Ilat-risk" groups OR commission errors may have been

due to differenœs in susœpbDility ID the neurochemical effects of acute

tryptophan depletion and/or diHerenœs in methodologies between the

studies.

Conceming the first hypothesis, it appears that the ATD-induœd

inaease in commission errors on the go/no-go is specifie to MPFH

individuals, and not agressive, disruptive adolescents. This may

suggest a neurochemical susœptibiJity to the effects of ATD relatively

specifie to individuals with a family history of alcoholism. This is

congruent with studies showing that 10w 5-HIAA is stmngly assodated

with a famlly history of alcoholism in male almhoUe violent offenders

and lire setters (V'ulclamen et al., 1996). Il is interestiDg ta note that

relatively few SA or NA participants had family histories of patemal or

maternai alcoholism, providing c:ircumstantial evidenœ supporting
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this hypothesis. Of course, a replication of this effed is needed,

preferably employing a within-subjects design to DWdmize power to

deteet an effect.

Methodological diHerences between the studies may aIso account

for the lack of an ATD effect on commission errors in SA participants.

There was no additional task administered before the go/no-go in the

second study, as the Taylor aggression task wu in the fint study. An

arausing stimulus may be neœssary ID fadUtate a düferenœ in 5-Hr

re1ease and post-synaptic function between the T· and B amino add

conditions (Young, 1986; Young et al., 1988). As detaüed earlier,

partidpants in study two did not reœive a standardized meal tbe day

prior to amino add administration. Although there were comparable

decreases in plasma total and free tryptophan levels, it is important to

remember that a secondary mechanism detennining the levels of brain

tryptophan following ATD involves the competition among the large

neutral amino aciels for brUn uptalœ on tbe ume carrier system. This

is dependent on the ,,,tio of tryptophan to the other large neutral

amino acids that mmpete for brain uptake (ICrahn et al., 1996; We1tzin

et al., 1994). Administration of the standardized meal followed by the

balanced amino aad mixture (with 2.3 g tryptophan, as wu used in

these two studies) bas been shown to iÜcrtllSe the ratio of tryptophan

ta ather large neutral amino adds, perhaps decreasing brUn tryptophan

and redudng the likelihood of observing differenœs between the ATD

and B mnditions (Weltzin et al., 1994). It may be that the absence of the

standard meal prior to amino add administration in study two

systematically reduœd group differences in plasma tryptophan

availability,leading ta the Jack of an effect. Previous studies using

similar amino acid mixtures without the standard meal have lound

behavioral differences, however (Smith et al., 1987a; Young et al, 1985).
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Group differenœs in IQ ia Ille two studies may partly aa:ount for

baseline differeDœs in CEs on the ao/no-go task. SA and NA

partidpants in the seœnd study Md man IQs of 93 and 101,

respective1y, wNch are somewhat Jower than the mean 105 of the

MPFH and FR- partidpants in the &st study, at 110 and 113. SA

participants, in particular, had 10Wl!l' 105, which may account for the

greater CEs seen at baseJine CLe., foIIowing the balanœd &mino add

mixture) in this group. In NewmaJis early work, there were no group

differenœs in IQ despite differeDCll!S in CEs (Newman et al, 1985;

Newman & ICosson, 1986; Newman, Pattenon, Rowland, & Nichols,

1990). IQ was unmrrelated with go/no-go erlors in ADHD boys and

non-ADHD mntrols (Iaboni et al., 1995). In faet, onlyone study

(Helmers et al., 1995) found IQ to be inversely related to CEs in the Pun­

Pun and Rew-Rew mnditions, and to OEs in the Rew-Pun and Pun­

Pun conditions as well, in n~rmalmale volunteers.

The inverse œlationship between executive functioning and

commission erron on the go/no-go found in the second study susgest

a mechanism by which ATO may have inaeased commission errors in

the first study. The executive fundioDs factor utilized in study two

consisted of tests that involved the active monitoring of worldng

memory, the maintenance and retrieYal of recently acquired

information, forming associations between stimuli, responses and

feedback, motor response and inhibition, and problem-solving abilities.

Many of these cognitive funetions ue neœssary for sucœssfu!

performance on the go/no-go tuk. ATD may have interfered with any

combination of these abilities in iDa'euing commission errœs in

MPFH men in study one.

In faet, the exaet proœsses affected by ATD tbat resulted in

inaeased CEs in MPFH men in study one are unlcnown. SimiIarIy, the
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proœsses that 1ed ta ina'eased commission alors in SA relative to NA

men at baseline in sNdy two ale aIso IlOt clearly UDdeistood. The

notion of impulsivity, or behavioral disinhibilion, muid imply

difficulties at a number of leve1s, as outUne in the introduction: a lade

of forethought, a difficulty leaming &am the consequences of one's

actions (acquiring, storing, or retrieving associations), andlor a

quiclœned behavioral tempo. Dissociation between these pioœsSes

with the primary dependent measuœ used in these stnd;..

(commission errors on the go/DD-p task) is difficult.

This is undersmrecl by the results of a thircl prelimi:nary study

(see Appendix). In tbis study, the hypothesis that a polymorphism of

the D4 dopamine receptor pœ wouId be related to behavioral

disinhibition (go/no-go commission errors) wu tested. Variation exists

in the number of repats of a specifie section of the DI dopamine

reœptor gene, with the most. frequent aI1e1es in the normal population

being the 4 and 1 repeat Œbstein et al, 1996). Presence of the 7 repeat

al1e1e bas been associated with the personaIity construct of IIDVelty

seeldng in hea1thy individuals (Benjamin et al, 1996; Ebstein et al.,

1996). Individuals hip iD novelty seeldng have been charaeterized as

impulsive, exploralive, excitable, quick-tempered, ficlde, and

extravagant (Cloninger, 1987a). No association betweeIl presence of the

7-repeat allele and commission ellan on the go/no-go wu found (see

Appendix). D4 dopamine polymorphisms may yet be found ID be

related to behavioral impulsivity, but DOt to the component(s) of

behavioral disinhibition tapped by 8O/no-go commia&ion enors.

Commission error performance ma, be related more to Ieaming and

memory functïons (e.g., forming aSlOCÎaûons between stimuli,

responses and feedback. maintaining these associations in WOI'ldng
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memory), wbereu Dt dopamiDe paIymorphisms may be relatai to

motor impulsivity (e.g., quickened behavioral tempo).

Of what practical importanœ is the finding of an ATo.induœd

inaease in disinhibition (CODUIÛSIÏGIl errors) in MPFH men?

Although depletions of plasma fœe and total tryptophan of the

magnitude induœd by ATD do DDt occur naturally, smaller variations

in tryptophan availability may be eaaugh ID affect central serotonergic

synthesis and function. 1bese variations may be suffident, in tum, 10

have a signifiant impact an behaftar, perhaps leading to transient

increases in behavioral disinhibitiall in MPFH men. Seasonal

variation in plasma tryptophan iD a sample of healthy volunteers bas

been inversely re1ated to the seasemal variation of violent suidde in a

population sampJe (Maes et al, 1995)..

Whether the increased disiDhibition (commission enurs)

following ATD in MPFH me~ is a marlœr for the future development

of alcoholism remains ta be explored.. The original thesis of this

dissertation conœmed the existence of a causal pathway leading from

low central serotonergic funetioniDg to increased disinhibition, and

ultimately to inaeased alcohol COIISUIIlption and the development of

alcoholism in individuals at heighteDed risk for alcoholism. Only

long-term foUow-up of a large sample of MPFH men following ATD

and tesling on the go/~will deIennine whether it is tho&e MPFH

individuals who demonstrate an ATD-induced ÏDaease in

disinhibition that subsequently deweIop alcoholism. 1bis type of long­

term follow-up would be œstly, however it is feasible. Schucldt and

Smith (1996) have completed an eipt-year foUow-up of their cohort of

sons of male almholics, finding that. Iow 1eve1 of behavioral response

ta alcohol cballenge in these individuals is related ta the development

of alcoholism eight years later.
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Clinically, the nsulls of these two studies have two implicaticms•

The results of the &nt saudy suggest that inaeasing seroIoneIF
funetion might lead to reduœd disinhibition in impulsive indivicluals,

and that pharmamlogical interventions muid be developed with

specifie serotonergic asonist actions ta decrease impulsivity. As

mentioned in the introduction, tryptophan (Morand et al, 1983) and

the SSRI dtalopram (Vartiainen et al, 1995) have been used tu treat

aggressive inpatients with SOlDe SUŒeSs.lt is UDIiJœly, howewer, ~HT

agonists could decrease impulsivity in the long-tenn, due to toIeranœ

effects.

The results of study IWO, however, suggest an alternate method

of facilitating behavioral inhibition in impulsive individuals.

Therapeutie techniques emphasizjng pausing and attending ta

feedback, and using that feedback ta modify future behavior, might

reduced disinhibition in impulsive individuals. In an empirical

investigation, Amett, Howland, Smith and Newman (1993)

demonstrated that by introdudng an eight second pœt...feedback period

after each go/no-go response, previous elevations in commission

errors in psychopaths versus controls were eliminated. Thus allowing

disinhibited individuals the tinte ta proœss feedback fadlitates

behavioral inhibition.

F'mally, what do the nsults of these two studies sugest for the

raie of serotonin in impulsivity? As stated earHer, the fincUnp of the

first study represent the first.demcmstration that depletina the amino

.cid precursor of serotonin induces a selective inaease in commission

ertors on a passive avoidance leaming task in men al risk for

alcohoHsm. Thus they provide preliminary evidence that serotonin is

causally involved in impulsivity, in SODle individuals. Purther

specification of the brain neuroanaIOIIIical and biochemical pathways
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involved in the production of djsjnbibited behavior is not poM1QJe at

this lime. While more precise thearies of the biochemistry of otber

psychiatrie disorders have been produœd (Duman, Heninger, •

Nestier, 1997), theoretical mode1s specifying the neurochemistry of

impulsivity and aggression, and JDDIe specifically the roIe of SeJolonîn

in the production of these behavials, are Jess well developed. Schreiber

and De Vry (1993) suggest that Împalsivity1inhibition is mediatecl

through activation of postsynaptic 5-HIIA reœplors in as yet

unspecified brain regiou.

Unnolla and Vakkunen (1992) have a somewhat more iDtricate

model, based on their research wiIh impulsive, alcohoUe violent

offenders. They posit that reduœd serotonergic innervation from the

dorsal and median raphe nudei to the suprachiasmatic nucleus Jeads

to a disturbanœ in circadian rhythms, resulting in increased dysphoria

or dysthymia, which promp.. Ge 5rive alcohol use (and the acule

release of serotonin) ta ameüorate tbis subjective state. Secondly,

reduœd suprachiasmatie serotonergic functioning disturbs glucose

metabolism, resulting in lowered bJood glucose leve1s and an inaeased

propensity for impulsive, aggressive behavior. Excessive alcohol use

subsequently lowers serotonergic fuDdioning, which further increases

the propensity for impulsivity. nus model is intriguing and provides a

number of testable hypotheses, whidl are reœiving empiriaal support

(Matykiewicz, Lagrange, Reyes, Vance, & Wang, 1997; VU"kk~ De

Jong, Bartko, Goodwin, et al, 1989).

The data in the present thesis support the causal pathway

leading &am reduœd serotonergic fuDction ta increasecl impulsivity,

but cannat test any of the mediating factors hypothesized in IJnnaila

and Virkkunen's (1992) model. The acute tryptophan depletioll

paradigm can, at best, only eflect a global depletion of brain semtDllergic
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synthesis, and presumably function. A full sped6cation of the

neuroanatomical structures and newochemical pathways involved in

producing impulsive behavior is needed. Research toward this end

will neœssarily ïnvolve animal models of disinhibited behavior, as

weil as neuroimaging techniques and phannacological cbal1enges with

inaeasingly more specifie serotonin.reœptor agonists and antagonists

in humans.
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• Table 1. Reinforœment ContiDpndes in Effect for the Reward-PuDishment (ReW­

Pun), Punishment-Reward Q'un-Rew), Reward-()n1y (Rew-Rew) and PuDishment­

Only (Pun-Pun) Conditions of the GolNo-Go Discrimination Leaming Task

(adapted from Iaboni et al, 1995)

Reinforœment Contingency

Stimulus Response Rew-Pun Pun-Rew Rew-Rew Pun-Pun

aStimulus to which partidpant sbould respondi 'Stimulus to which partidpant

should not respond; cpartidpant won S.10; dpartidpant did not win or lose S.10;

eparticipant lost $.10.

•

Aetivea

Passiveb

yes

no

yes

no

WINC

WIN

WIN

WIN

LOSE

LOSE
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Figure 1. The pathways of the synthesis and metabolism of tryptophan

and serotonin

zn



• • •

ACElYL-CoA

CO2 .

LI,"
---~~---~, GLUTARVLiCoA

Z. co~'" ·
~c~

HCOOH

.l' >- OrCO-CHa-~H-COOH 1 ~ QCO-C"J-~~-COOH 1

formamida.. NH NHa ',nurenipe NH NHa
:1 3-h)*OK)'Ia.. J

KYNURENINE H

~ '" ~-HYO.OXYKYNUllENINE
o,,,., produetl

... 3·hrd'••~nthron.tot. ~PNH
o-rU.nol. ~ z

li
3-HYQIOXYAN'HRANILIe

ACtD

{]
COOH .. non-.nalmk _ nCOOH

tUJ.N COOH OH NHa
CCOH

QU'NOUNIC AC'D H'AMINO II CAI I OXY

~
PRPP MueoN.e ACIO SEM.AlDEHYOE

quinolinie tronlphoaphoribo.,Ia.. pjcolini~lcarbo")'Ia'.
~C02

NICOTINIC RllONUClEOTlOE () ,

1 OH Coo:"a
~ .: AMINO MUCONIC

et.samido-NAD ACID SEM'ALDEHYDE! _i·nlrmIC
NAD ~

OCOOH

O2

" OrCO-CHa-CH-COOH-__-~.. ~ . NH
tryp n NH- CHO :t
""oli". fORMYl 1( YNUIEN'NE

OCJ
CHa-~"-COO"

~ NHa
N

T.Y'lOPHAN

111P1o".....'t,.,..."..··
"O~CH2-~"-COOH

~."" NHa
'-HYDlOX".'PTO'"AN

_omatie amino1ae.iet d.earboJlyla••

~COa

~
71 C"3~Ha
~~ NHz,.
5-HYDROXYTRYP'AMINE

monoami~I~·ieta ••..........~.....,.. ......,.
~~c~-c~

5-HYOIOXYlNDOLEACEYIC
ACID

"COllNIC ACID

273



•

•

•

APPENDIX

Associations Between Polymorphisms of the Dopamine D4

Reœptor (D4DR) Exon m, Extraversion and Behavioral Impulsivity2
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AB5TRAcr

Two reœnt reports have demonstrated that healthy volunteers who

score higher than average on novelty seeldng (i.e., are impulsive,

exploratory, ficlde, excitable, quick-tempered and extravagant) show a

higher frequency of a specifie exonie polymorphism, the 7 repeat allele

in the locus for the D4 dopamine reœptor gene (D4DR). In the present

study, a possible association between the D4DR repeat 7 allele and

commission errors on a go/no-go leaming task was tested.

Commission errors represented failures ta inhibit responses ta stimuli

previously associated with punishment or loss of potential reward. As

well, possible associations between the D4DR repeat 7 allele and

questionnaire measures of sensation seeldng and extraversion were

tested. The sample of young men induded a group with

multigenerational family histories of patemal alcoholism, as well as

adolescents high on teacher-rated aggression. Results demonstrated no

significant associations between the presence/absence of the D4DR

repeat 7 allele and go/n~gocommission errors, sensation seeking, or

extraversion. Presence of the repeat 7 allele was assodated with fewer

golno-go omission errors (fallures 10 respond to stimuli associated

with reward or avoidanœ of punishment). Possible reasons for the

absence of the predicted associations are explored.
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INTRODUcnON

Two reœnt reports have demonstrated that the 7 repeat allele of

exon m of the D4 dopamine reœptor gene (D4DR) is positively

associated with novelty seeldng traits (impulsivity, exploration,

exdtability, quidc-temperedness, ficldeness, and extravagance) in

healthy individuals (Benjamin et al., 1996; Ebstein et al., 1996). The

D4DR reœptor gene contains a polymorphie 16-amino acid repeat

region in the putative third cytoplasmic loop (Lichler et al., 1993; Van

Toi et al., 1992); the most frequent alleles of the D4DR exon m repeat

polymorphism are the 4 repeat and the 7 repeat (Ebstein et al., 1996).

The finding of an association between the 7 repeat allele and novelty

seeking is particularly significant given that the affinity of the D4

reœptor for dopaminergic ligands is influenœd by the number of

repeats at this particu1ar site (Asghari et al., 1994; Van Toi et al., 1992).

This finding may reinforce the notion put forward by Cloninger (1987)

that nove1ty seeking is mediated by dopaminergic neurotransmission,

independent from two other dimensions of personality, harm

avoidanœ and reward dependenœ, which are hypothetically mediated

by the serotonergic and noradrenergic neurotransmitter systems,

respectively. In the association studies cited above, novelty seeking was

assessed using the Tridimensional Personality Questionnaire (TPQ)

(Cloninger, Svrakie, & Przybeck, 1993) or the NEO Personality

Inventory <NEQ-PI-R) (Costa & McCrae, 1992). More reœnt studies

have not replicated the initial findings, using the impulsiveness and

monotonyavoidance subscales of the Karolinska Scales of Personality

Q"ônsson et al., 1997), or the novelty seeking scale from the TPQ

(Gelernter, Kranzler, & Mulgrew, 1996).
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Due ta the hypothesized presence of an impulsivity component

in the novelty seeking factor, the present study tested whether the long

allele of polymorphie exon m repeat sequence of the D4DR gene might

also he associated with a behavioral measure of disinhibition. The

go/no-go learning task bas been used to investigate disinhibition in a

variety of populations (patterson &c Newman, 1993). In this task,

participants Jeam by trial-and-error to respond (press a button) ta

"active" stimuli and withhold their responses 10 "passive" stimuli

(tw<Hiigit numbers presented on a computer screen). Correct responses

to active stimuli lead 10 reward (accumulation of money) or avoidance

of punishment Goss of money), while incorrect responses 10 passive

stimuli lead to punishment or failure ta obtain potential reward.

Commission errors, or failures ta withhold responses to passive

stimuli, function as a measure of disinhibition. College students who

score high on extraversion as measured by Eysenck Personality

Questionnaire Œysenck &c Eysenck, 1975) make more commission

errors in certain conditions of the go/no-go task compared to those

scoring low. As well, certain dinical groups, sum as adolescent and

adult psychopaths, and children with attention defidt hyperactivity

disorder, make more commission errors compared to contraIs,

depending on reinforcement condition of the go/no-go (Iaboni,

Douglas, &t Baker, 1995; Newman, Patterson, Rowland, &c Nichols,

1990) . Additianally, the present study addresses whether the long allele

of polymorphie exon m repeat sequence of the D4DR is assodated. with

ather measures which may tap into the personality dimension of

novelty seeking: sensation seeking, as assessed by Zuckerman's

Sensation Seeking Scale (Zuckerman, 1979), and extraversion, from the

Eysenck Personality Questionnaire (Eysenck &c Eysenck, 1975).
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The sample in the current study is composed of young men with

a multigenerational patemal family history of alcoholism and those

without, and adolescent males previously rated high or low on

aggressiveness (Séguin, Harden, Pihl, Tremblay, tk Souleriee, 1995)

previously studied on the go/no-go paradigm (LeMarquand, Benkelfat,

Pihl, Palmour, & Young, 1997a; LeMarquand et al., 1997b). The primary

hypothesis was that individuals with the long allele of the D4DR gene

would make more commission errors on the go/no-go task and would

score higher on the Sensation Seeking scale and on Eysenck's

extraversion dimension.

METRODS

Participants

Participants included 59 healthy males, mean age 21, and 39

adolescent males, mean age 17, who participated in earlier studies on

the effects of acute tryptophan depletion on disinhibition (LeMarquand

et al, 1997a, b). The sample from the first study was reauited from the

community and screened to be free of DSM-m-R (Ameriean Psychiatrie

Association, 1987) Axis 1 disorders. Twenty-three men in the former

sample were selected on the basis of having a multigenerational

patema1 family history of alcoholism (MPFH; typically father and

paternal grandfather, at minimum), while the remainder (n=36) had

no family history of alcoholism in their previous two generations

(FH-). The sample from the second study was reauited hom a larger

cohort of 1037 boys followed longitudinally from age 6. These boys were

originally recruited from 53 schools with the lowest socioeconomic

index in the Montreal Catholic School Commission in 1984. They were
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rated by their teachers at ages 6, 10, Il and 12 on the fighting subsca1e of

the teacher form of a French Canadian version of the Social Behaviour

Questionnaire (Tremblay, Desmarais-Gervais, Gagnon, & Charlebois,

1981). Those boys scoring above the 70th perœntile at age 6 and at least

two of the three additional assessment points were classified as stable

aggressive (SA), while those below the 70th perœntile at all assessment

points were classified nonaggressive (NA) (Séguin et al., 1995).

Eighteen SA and 20 NA adolescent males participated in the

tryptophan depletion study. An additional participant who lOOk part in

the second study (LeMarquand et al., 1997b) but was not included in

data analysis, was included in the present study.

Procedure

After providing informed consent, initial screening ineluded the

completion of the Sensation Seeking (55) scale (Zuckerman, 1979) and

the Eysenck Personality Questionnaire ŒPQ; Eysenck le Eysenck, 1975).

Participants provided a blood sample on the moming of the day on

which they participated in the tryptophan depletion procedure. The

go/no-go task was completed approximately 5.5 to 7 hours following

consumption of the amino acid mixture. Participants in the first

sample received either a tryptophan-depleted or balanced amino add

mixture (between-subjects design), while those in the second sample

received both a tryptophan-depleted and balanced amino add mixture

on separate days (within-subjects design). As tryptophan depletion

affected commission errors in the first sample <LeMarquand et al.,

1997a), only those individuals who received the balanced amino acid

mixture were included in this analysis. This included 18 FH-
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participants and Il MPFH participants (see (LeMarquand et al., 1991a, b)

for proœdural details).

For participants who look part in the first study (LeMarquand et

al., 1997a), IQ was estimated using a seven~ubt1est Wechsler Adult

Intelligence Scale-Revised (Wechsler, 1981) short form (induding

Information, Arithmetic, SimiIarities, Picture Completion, Digit Span,

Black Design, and Digit Symbol) (Ward, 1990). This IQ estimate is

highly correlated with WAIS-R full scale IQs in psychiatrie inpatients

(Benedict, Schretlen, & 8obholz, 1992). For those who partidpated in

the second study (LeMarquand et al., 1991b), IQ was estimated using a

two-subtest Weschler Intelligence Scale for Children-Revised

(Wechsler, 1974) short form (Sattler, 1988), inc1uding the Vocabulary

and Black Design subtests, administered when the participants were

age 15.

The go/no-go task has been described in detail elsewhere

<LeMarquand et al., 1997a). Briefly, participants must respond (press a

button) to "active" stimuli and withhold their responses to "passive"

stimuli. Stimuli consist of two-digit numbers presented on a computer

screen. Correct responses were rewarded with a high-pitched tone,

presentation of the word "CORRECT" on the computer saeen, and

addition of ten cents to a running tally of the participant's earnings,

aIso presented on the saeen. Incorrect responses were punished with a

low-pitched tone, presentation of the ward ''WItONG'' on the

computer saeen, and subtraction of ten cents from the running tally of

the participant's earnings.

Participants completed four conditions on the golno-go task,

presented in a counterbalanœd order. In the reward-punishment

(Rew-Pun) condition, responses to active numbers were reinforced,

and responses to passive numbers punished. Participants started with
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one dollar in this condition. In the punishment-punishment

(Pun...Pun) condition, responses to passive numbers were punished, as

were nonresponses to active numbers. In this condition, participants

started with four dollars, as they could only lose money. In the

reward-reward (Rew-Rew) condition, responses to active numbers and

nonresponses to passive numbers were reinforœd. Participants started

with no money in this condition, as they couId only win. In the

punishment-reward (Pun-Rew) condition, nonresponses ta active

stimuli were punished, and nonresponses to passive stimuli were

rewarded. As in the Rew-Pun condition, participants started with one

dollar in the Pun...Rew condition. Dependent measures include

commission errors (CEs; failures to withhold responses to passive

numbers) reflecting disinhibition, and omission errors (OEs; failures to

respond to active numbers).

Genotypinl

DNA was isolated from peripheralleukocytes by

phenol1chloroform extraction, and genotyped following amplification

of a region in the third exon of the D4DR gene containing a 48bp

VNTR (Lichter et al., 1993). The forward and backward primers were:

D4-3 (52t-GCGACI'ACGTGGTCrAcrcG-37t) and D4-42 (51t­

AGGACCCTCATGGCCTIG-31t). The PCR reaction was performed in 25

ml final volume of mix [10% DMSO, 200 mM of dATP, dCfP, cTIP; 100

mM dCTP; 100 mM deaza-dGTP, 500 ng each primer; 1.5 U Taq

polymerase; lx Taq polymerase buffer (SOmM KCl, 10 mM tis-HCL ph9,

1 mM MgCl and 1% Triton x-l(0»). Conditions for amplification were:

40 cycles of2~ @ 95 c, 20S @ 54 C, and 40~@ 72 C followed by a final

extension of 41t @ 72 C, using an Mf Research Ine. PT-100 thermocycler.

After electrophoresis (7OK in a 10" non-denaturing polyacrylamide

gel), bands containing DNA were stained with ethidium bromide,
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photographed under uv light and typed by comparison to molecular

weight markers and reference standards. Each gel was read

independently by two observers; disagreements were resolved by

reanalysis of the sample or by a third reader.

Data Analysis

AIl personality and go/no-go variables were inspected for

normality (skewness, kurtosis). Appropriate transformations were

performed when neœssary (Tabachnick & Fidell, 1989) and are specified

below. Genotypes were stratified according to Ebstein et al. (Ebstein et

al., 1996) by the presence or absence of allele 7. Separate independent

samples t-tests (by pllymorphism) were performed on the Extraversion

subscale of the EPQ, as weIl as on the Psychoticism and Neuroticism

subscales. Separate t-tests were performed on the total score of the 55

scale, as we1l as on the four subscales: Boredom Susœptibility,

Disinhibition, Exdtement Seeking, and Thrill and Adventure Seeking.

Estimated IQ was analyzed using an independent samples t-test. Two­

tailed P values were chosen, due to the exploratory nature of these

analyses. The criterion for significance (alpha level) was not adjusted

for the number of comparisons, as a heightened probability of Type 1

errors (false positives) is thought ta be justified when conducted

exploratory association studies Œbstein et al., 1997; see also Lander &

I<ruglyalc,1995).

Separate 2 (polymorphism) X 4 (condition) between/within­

subjects ANOVAs on omission and commission errors were

performed. Statistically significant interactions were further analyzed

by pairwise comparisons using the Newman-Keuls procedure. Geisser­

Greenhouse (G-G) corrections were used for aIl main effects and

interactions involving repeated measures.
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RESULTS

Presence/Absence of Bepeat 7 PoIymor.phism and Sensation Seekin&e
Extraversion. and 10

Of the 98 total participants across the two studies, blood was

obtained and genotyped for 78 participants. Twenty participants' blood

samples were not genotyped due ta difficulties isolating viable DNA

(Of these 20 individuals, six were MPFH and 12 FH- in the first study,

and two were NA from the second study). Of the remaining 78

participants, 14 were positive for the repeat 7 polymorphism.

Additionally, some data was missing for some participants on the

questionnaire and IQ measures. One NA participant from the second

study did not complete the 55 and EPQ scales; one FH- participant from

study one did not complete the EPQ; one SA participant from study two

did not complete the EPQ or IQ measures, and three additional

participants in study two (one SA and two NA) did not complete the IQ

measures. Of the individuals that did not complete the questionnaire

measures, all were repeat 7 negative.

T-tests demonstrated that repeat 7 present individuals were not

higher in Extraversion on the EPQ (t[73]=-.27, P=.78), or sensation

seeking as indexed by the Gog> total score on the 55 scale (t[75]=-1.51,

P=.14). Repeat 7 present participants were not higher on anyof the SS

subscales (Boredom Susœptibility (t[75]=-.53, P=.60), Disinhibition

(t[75]=1.53, P=.13), Excitement Seeking (t[75]=-.59, P=.56), and Thrill and

Adventure Seeking (t[75]=1.64, P=.ll», nor were they different from

repeat 7 absent individuals on the Psychoticism (t[73]=.06, P=.95) or

Neuroticism (t[73]=-.88, P=.38) subscales of the EPQ. Group means and
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standard deviations by repeat 7 status (present or absent) are presented

in Table 1.

Insert Table 1 about here

In terms of estimated Io, there were no differenœs between repeat 7

absent (n=60, mean=105.3, 50-14.9) and repeat 7 present Cn=14,

mean=106.5, SD=9.9) individuals (t[72]=-.29, P=.7'l).

Presence/Absence of Repeat 7 Polymor.phism and Go/n~o

Performance

Thirty-three participants who reœived only the T- mixture were

excluded from the present analysis due ta the effects of the T- amino

acid mixture on go/n~oCEs. Only those participants whareceived

the balanœd (placebo) mixture were included in the analysis. Of the 65

remaining participants, 10 (six FH-, three MPFH from studyone, one

NA from study two) were not genotyped due ta difficulties isolating

viable DNA. Nine of the remaining total sample of 55 participants

were positive for the repeat 7 allele. A polymorphism X go/no-go

condition ANDVA on log transformed DEs revealed a significant main

effect of polymorphism (F[1,53]=4.47, P=.04), and a weak trend for a

polymorphism X condition interaction (G-(; F[2.59,159]=2.22, P=.098).

Repeat 7 present individuals made significantly fewer (log) DEs relative

to repeat 7 absent individuals (raw means ± standard deviations: repeat

7 present, 1.8 ± 1.4; repeat 7 absent, 3.3 ± 2.4). Inspection of the means by

polymorphism and go/no-go condition revealed that repeat 7 present

individuals tended to make fewer omission errors in the reward­

punishment and punishment-punishment go/no-go conditions. A
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polymorphism X go/n~o condition ANOVA on square root

transformed CEs revealed no main effects or interactions involving the

polymorphism factor. Repeat 7 absent individuals made 8.9 ± 6.1

commission errors (mean ± 5D), while repeat 7 present individuals

made 6.3 ± 3.6.

DISCUSSION

This preliminary study represents the first attempt to associate

D4DR reœptor polymorphisms, previously reported ta he associated

with novelty seeldng in population samples (Benjamin et al., 1996;

Ebstein et al., 1996), with a well-validated behavioral measure of

disinhibition, commission errors on a go/no-go task. Results suggest

no association between the presence of the 7 repeat pllymorphism and

commission errors. Furthermore, in a slightly larger sample, no

associations between D4DR polymorphisms and extraversion on the

EPQ or sensation seeking on the SS scale were found.

The present data does not replicate the association between

novelty seeking and D4DR polymorphisms (Benjamin et al., 1996;

Ebstein et al., 1996), possibly for a number of reasons. The sample size

of the present study was smaller than those typically found in gene

association studies. Alternatively, extraversion on the EPQ and

sensation seeldng on the SS scale may not sufficient estimates of the

trait of novelty seeldng (as measured by the TPQ or estimated from the

NED-PI-R). In the study by Benjamin et al. (1996) however,

extraversion and conscientiousness on the NEo-PI-R are the two

factors specifically assodated with longer and shorter (respectively)

repeat sequences Oong D4DR alle1es containing 6 10 8 exon m repeats,

short alleles containing 2 to 5 repeats). Within the extraversion factor,
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higher scores on the warmth, excitement seeldng, and positive

emotions subfactors were found in long allele individuals. At face

value therefore, one might expect that EPQ extraversion and

Zuckerman's SS would be associated with the number of exon m
repeats.

Jansson et al. (1991) suggest that the genetic basis for the same

personality trait (novelty seeking) might different across populations,

being present in Israeli and American but not Swedish populations. A

fallure to replicate the association in another American sample

(Gelernter et al., 1996), as well as the present failure to replicate,

question the existence of the association in the North American

population.

Jansson et al. (1997) also note that the results of the first two

studies (Benjamin et al., 1996; Ebstein et al., 1996) may represent false

positives. The present study, however, may represent a faIse negative.

The power to detect a large differenœ (effect size [d]=.80) between repeat

7 absent and present groups on commission errors with the group sizes

used in the present study (and with alpha set at 0.05, two-tailed) is .58,

somewhat lower than the acœpted standard of.8O (Cohen, 1917; Kirk,

1984). Eighty-four participants would he needed to detect a large effect

size given these parameters. The possibility that significant associations

between the presence of 7 repeat sequences of the D4DR allele and

extraversion or CEs on the go/no-go task might emerge with a larger

sample can not he ruled out in the present study.

Another possibility is that the association between novelty

seeldng and the number of repeat sequences of the D4DR gene may be

restricted to women, and that the fallure to detect this association in

the present study is a product of the lack of inclusion of women in the

sample. (Men were only included in these studies because they were
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selected to address other research questions). This is unlikely, however,

as the sample of 315 American partidpants in the Benjamin et al. (1996)

study were 95% male.

An association between go/no-go omission errors and the D4DR

repeat 7 allele was found, with repeat 7 allele present individuals

maldng fewer omission errors compared to repeat 7 absent individuals

across conditions of the go/no-go. Omission errors represent failures to

respond to stimuli previously assodated with reward or avoidance of

punishment. This differenœ appeared to be unrelated to intelligence,

as there no were no group differenœs on estimated IQ. It is difficu1t at

this point to interpret this differenœ, which may involve motivation

or attentional processes. Replication with a larger sample is neœssary.

In summary, go/no-go commission errors, a putative measure

of behavioral disinhibition, were unre1ated to the presence1absence of

the D4DR repeat 7 allele, despite this allele's previous association with

nove1ty seeking, of which impulsivity is purportedly one dimension.

Additionally, the D4DR polymorphisms were unrelated to

questionnaire measures of sensation seeking and extraversion,

dimensions which one might hypothesize to be related ta the construet

of novelty seeking. The lack of these expected associations awaits

confirmation with a larger sample.
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• Table 1. Sensation Seeking Scale and Eysendc Personality

Questionnaire Results by D4DR Allele·

Measure 7 alle1e absent 7 allele present

Sensation Seeldng Scale

n=63 n=14

Boredom Susœptibility 3.8 ± 2.1 4.1 ± 1.8

Disinhibition 6.5 ± 2.1 5.6 ± 1.5

Excitement Seeking 6.6 ± 2.1 7.0 ±2.0

Thrill and Adventure Seeldng 8.6 ± 1.9 7.6±2.6

Total Score 2S.6±4.8 24.4±5.0

Eysenck Personality Questionnaire

n=61 n=14• Extraversion 14.8 ± 4.0 15.1 ± 3.6

Psychoticism 6.0 ± 3.0 5.9 ±3.2

Neurotidsm 7.1 ± 4.1 8.2±4.2

Lie 7.6±2.9 6.4±3.6

·Values represent raw data and are expressed as mean ± SO
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