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Voorwoord d 

Tijdenss het tot stand komen van mijn promotie onderzoek zijn er veel 

mensenn die mij geholpen hebben. Graag wil ik ze in dit voorwoord 

bedanken.. Als eerste wil ik Robert bedanken, jouw kritische maar 

desondanksdesondanks onvoorwaardelijke steun heeft mij regelmatig de rug doen 

strekken.. Samen met onze kinderen, Emar en Armel, zorgde ji j ervoor dat ik 

mijnn werk iedere dag weer opnieuw kon relativeren, waardoor de energie en 

dee inspiratie om aan mijn promotie onderzoek te blijven werken, niet 

verminderden.. De nieuwsgierigheid die aan de basis stond van dit 

promotieonderzoekk is vooral te danken aan de liefdevolle en stimulerende 

zorgg van mijn ouders, het is hen gelukt om een temperamentvol kind in 

goedee banen te leiden. De humor van Harko, mijn broer, heeft al vanaf jongs 

aff  aan zware zaken een stuk lichter gemaakt. 

Enn nu is het dan zover, ik kan omkijken en een grote groep mensen 

bedankenn die hebben bijgedragen aan het werk dat is verricht. Natuurlijk 

Boudewijnn Gunning, omdat hij mij heeft aangenomen als AIO en mij zo de 

kanss heeft gegeven om aan dit promotie onderzoek te beginnen. Maar vooral 

Boudewijn,, bedankt voor je stimulerende ideeën tijdens de voortgang van 

hett onderzoek. Wim van den Brink was altijd bereid te helpen en 

inhoudelijkk mee te denken over het onderzoek. Andries Westerveld wil ik 

bedankenn voor de ondersteuning die hij bood in het deel van het onderzoek 

waarbijj  ik mij op vreemd en voor mij nieuw te ontginnen terrein bevond, het 

werkenn in de moleculaire genetica. Gelukkig had ik daarvoor bij Rob Leurs 

dee gastvrijheid ontvangen om de eerdere experimenten aan het adenylyl 

cyclasee in zijn laboratorium uit te voeren, zodat ik al enige ervaring had 
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opgedaann in het "molrekenen"  en het pipetteren. Rob, bedankt voor  de 

eerlijke,, humoristische en kritisch opbouwende begeleiding die ik van je 

gekregenn heb. Evenals mijn co-promotor  Ton Schoffelmeer, bij  wie het 

altij dd goed koffiedrinken was, en een goede grap er  altij d nog wel bij  kon. 

Ton,, bedankt voor  het vertrouwen, dat het wel lukken zou. Edwin Jacobs 

wass zo vriendelijk om me de weg te wijzen in het farmaco-chemisch 

laboratoriumm op de VU. Tom Vulsma wil ik bedanken voor  zijn 

medewerkingg bij  het vinden van controle kinderen voor  het adenylyl cyclase 

onderzoek.. De prettige samenwerking met Odin van der  Stelt, co-promotor, 

iss eveneens heel belangrijk voor  mij  geweest. Odin, ik heb veel van je 

geleerd,, bijvoorbeeld hoe het is een wetenschapper  te zijn en volledige 

verantwoordelijkheidd voor  mijn werk te moeten nemen, ondanks mijn 

onzekerheidd daarover. Het is een geweldige ervaring te merken dat dit nu 

ookk lukt. Reinout Wiers herinner  ik mij  als een zeer  vriendelijk 

bemoedigendd persoon, die allerlei verschillende talenten tot zijn beschikking 

heeft,, van wetenschapper  via schaatser  tot cabaretier. Reinout, bedankt voor 

dee prettige samenwerking. Betty Wymenga wil ik bedanken voor  de hulp 

diee ze heeft geboden bij  het opstarten van mijn promotie onderzoek. René 

Breukk en Kari n Hermeier  wil ik graag noemen, omdat ze als goede "buren" 

enn goede hulpverleners een luisterend en kritisch oor  hadden voor  het 

diversee gemopper  en geklaag dat zich wel eens voor  wilde doen, zonder  zich 

tee ergeren aan dit "burengerucht" . Else de Haan wil ik bedanken voor  de 

opbeurendee woorden aan het einde van het promotie onderzoek en het 

meedenkenn bij  lastige conclusies. Ook denk ik met plezier  terug aan de 

Argonautt  collega's, tijdens mijn keuzejaar  kinder- en jeugdpsychiatrie, die 
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hett geen punt vonden, dat ik regelmatig weer bleef zitten op mijn werkplek, 

terwijll  ik eerder had aangekondigd nu toch echt een keer klaar te zijn met 

datt manuscript. Daarbij wil ik Coby Lucassen niet vergeten voor de hulp bij 

allerleii  administratieve klussen. Berthold Gersons en Guido Nabarro, 

bedanktt voor de mogelijkheid om mijn basisopleiding psychiatrie met een 

jaarr te kunnen uitstellen, zodat ik aan de basisopleiding kon beginnen met 

eenn manuscript in mijn handen. Tijdens het verzamelen van de data heb ik 

hulpp gekregen van drie stagiare's, Chris Marees, Rosita van Rooijen en 

Irenee Schiering, het was gezellig en julli e hebben mij zeer geholpen, 

bedankt.. Niet te vergeten, de kinderen, ouders en jong volwassenen die 

hebbenn meegewerkt als kandidaten voor het onderzoek, heel erg bedankt 

voorr de tijd en de moeite die julli e genomen hebben. Voorafgaand aan het 

schrijvenn van het manuscript, tijdens de spannende fase van mijn 

tweelingzwangerschap,, heeft Martin van Gemert gezorgd voor de 

nauwkeurigee controles van de intra-uteriene groei van mijn kinderen. 

Daarbijj  maakte ik kennis met zijn belangrijke onderzoek naar het tweeling 

transfusiee syndroom, dat uiteindelijk tot doel heeft om meer levend geboren 

tweelingenn op de wereld te zetten. Succes, Martin ! En dan wil ik mijn 

paranimfenn tenslotte heel hartelijk bedanken voor hun hulp en 

aanwezigheidd Willemiek Kooijman, die als collega regelmatig meedeinde 

mett het gejuich dan wel het gefoeter vlak naast haar. Willemiek, ik was 

vaakk blij datje naast me zat. Inge Hoogenboezem, ik herinner me nog de 

rooss die je meebracht om te vertellen dat ik mijn doctoraal gehaald had. 

Zullenn we elkaar nu een roos opspelden ? 
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Preface e 
Thee child depicted on the cover of this thesis could potentially be exposed to 

twoo major risk factors for alcoholism. One such factor is an environment in 

whichwhich alcohol is presented to young children. Another is the presence of an 

alcoholicc mother, who may have passed on a genetic risk of alcoholism to 

herr child. Both an individual's genes and their environment are involved in 

thee development of alcoholism. Furthermore, the roles of these two factors 

interact.. The pathophysiology of alcoholism deals with inherited 

pathophysiologicc abnormalities that may cause an individual to become an 

alcoholic.. When taking this approach, one has to take into account both an 

individual'ss genes and their environment. The present thesis represents an 

attemptt to increase our understanding of the pathophysiology behind the 

developmentt of alcoholism. Trait markers or vulnerability markers were 

studied,, because these are the characteristics of an individual that represent a 

geneticc risk of alcoholism. This biological vulnerability to alcoholism may 

evenn be present in young children. Thus trait markers are present in an 

individuall  long before a disorder, an illness or symptoms have developed. 

Thee main subjects of the four studies reported in this thesis are the children 

off  alcoholic parents. This is because these individuals are at increased risk 

off  developing alcoholism, relative to the children of non-alcoholic parents. 

Thee benefit of studying trait markers in young high-risk children is that the 

picturee is not distorted by the toxic effects of alcohol. In adult alcoholics, on 

thee other hand, the regular consumption of alcohol may well have an 

adversee effect on trait markers. However, our interest in the children of 

alcoholicss was not limited to their participation in experimental trait marker 
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studies.. We were also interested in the possible occurrence of psychiatric 

disorderss in these children. In addition, there were the possible 

environmentall  and genetic influences that parental alcoholism may have had 

inn terms of psychiatric disorders in these children. 

Chapterr one, the introduction of this thesis, which takes the form of 

aa review, is an attempt to determine whether indices of changes in 

neurotransmitterr systems could fulfi l three specific criteria for trait markers. 

Thee second chapter describes the occurrence of psychiatric disorders in the 

childrenn of alcoholics. There is also an assessment of the influences that 

parentall  variables, gender, parental psychiatric co-morbidity and a family 

historyy of alcoholism might have on the occurrence of such psychiatric 

disorderss in their children. In the third chapter, stimulated adenylyl cyclase 

activityy in blood platelets was investigated as a possible trait marker. Here, 

thee children of alcoholics were compared to control children. In addition, 

adenylyll  cyclase activity in the children of alcoholics with a 

multigenerationall  family history of alcoholism was compared to that in 

childrenn without any such family history. The fourth chapter contains details 

off  an investigation of P3 (an event-related potential), the Al allele (a 

polymorphismm of the dopamine D2 receptor gene) and sensation-seeking 

behaviourr in young adult, non-alcoholic children of alcoholics. The aim was 

too determine whether these three factors represent a single, common risk 

factorr for alcoholism. Finally, an overview was presented in the general 

discussionn to integrate the four chapters of this thesis and the four studies 

describedd therein, and to put forward recommendations for further studies. 
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Neurochemicall  markers of alcoholism vulnerability 

inn humans 

ABSTRACT T 

Thiss review considers possible neurochemical trait markers that may be related to 

alcoholismm vulnerability. Potential trait markers for alcoholism of neurochemical 

originn have been studied in alcoholics and in the children of alcoholics. Indices of 

changess within five neurotransmitter systems, GABA, serotonin, dopamine, 

norepinephrinee and ^-endorphin have been implicated as important factors in 

alcoholism,, and have been studied as trait markers for this condition. This review 

investigatess whether possible neurochemical markers meet three criteria, to be: (1) 

heritable;; (2) present in alcoholics but not in unrelated non-alcoholics; (3) state 

independent,, as determined from studies of the children of alcoholics. Two 

neurochemicall  markers seemed to fulfi l the three trait-marker criteria studied: (a) 

thee measurement of increased baseline activity of the serotonin transporter in 

platelets;; and (b) the measurement of increased responsiveness of the pituitary p*-

endorphinn system to challenges. Regarding neurochemical vulnerability for 

alcoholism,, argumentss are presented to underline the necessity of studying trait 

markerr properties in individuals at risk for alcoholism. 

ss chapter was submitted as: Ratsma, J.E., Van der Stelt, O., Gunning, W. B. 

Neurochemicall  markers of alcoholism vulnerability in humans. 
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INTRODUCTION N 

Alcoholismm is a multifactorial disease, in which polygenic influences and 

environmentall  influences interact (Goldman, 1995). This has been 

demonstratedd by adoption studies (Goodwin et al., 1973; Bohman et al., 

1981;; Cloninger et al., 1985; Cadoret et al., 1985) and by twin studies 

(Heathh et al., 1997; Kendler et al., 1994; 1997; Reed et al., 1996; Romanov 

ett al., 1991, Treu et al., 1996). The question arises as to what is inherited in 

alcoholism?? The research on trait markers may contribute to knowledge 

aboutt genetic risk factors for alcoholism. The search for trait markers has 

focusedd on behavioural, psychophysiological, or neurochemical trait 

markerss for alcoholism (Begleiter and Porjesz, 1988; Farren and Tipton, 

1999;; Reich et al., 1999; Schuckitt, 1999; Van der Stelt, 1999). This review 

investigatess whether the possible neurochemical trait markers that were 

previouslyy reported represent trait effects, rather than state effects following 

thee onset of alcoholism. Thus, in addition to the use of trait marker studies 

inn alcoholics, neurochemical trait marker studies in the children of 

alcoholicss (COAs) are reviewed. 

AA trait marker is a pathophysiological marker that has the potential 

too increase our understanding of the aetiology of the clinical condition in 

question.. For example, how an inherited pathophysiological abnormality 

mayy lead to alcoholism within an individual. Unlike a diagnostic marker, a 

traitt marker need not necessarily have high sensitivity and specificity for the 

clinicall  condition itself (Begleiter and Porjesz, 1988; Nurnberger, 1992). 

Traitt markers for alcoholism are characteristics with two main features, to 

bee reliable and valid. To be reliable, the trait marker needs to be identifiable, 
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easilyy measured, and have a good within-subject and between-subject 

reliabilityy (Farren and Tipton, 1999; Froehlich et al., 2000). The features 

concerningg the validity of trait markers are studied in this review. Firstly, 

theyy are heritable. Twin studies or adoption studies demonstrate that 

variationss in the trait marker are largely based on genetic factors as opposed 

too environmental factors. Secondly, they are more prevalent in alcoholics 

thann in unrelated non alcoholics. Thirdly, they are state independent This 

meanss that, rather than reflecting the current state of alcoholism, they are 

presentt throughout an individual's lifetime (something that can be assessed 

inn high-risk groups). The marker should also be co-segregated with 

alcoholismm within families, as demonstrated by sib pair analyses, or other 

geneticc analyses of pedigree data (Begleiter & Porjesz, 1988). This wil l 

preventt false positive conclusions based on population stratification. 

Althoughh the state independence of the trait marker can be investigated in 

long-termm abstinent alcoholics, this procedure does not discriminate 

accuratelyy between state markers and trait markers. The effects of long-term 

dailyy alcohol use may have affected the activity of neurochemical trait 

markerss in alcoholics. The trait marker's mode of genetic transmission can 

bee assessed either by a genetic analysis of pedigree data (using a genome-

widee screen) or by a linkage analysis of candidate genes within families. 

Thee issue of transmission is not addressed in the present review. 

Thiss review wil l focus on neurochemical risk markers. These are 

indicess of changes in neurotransmitter systems that are studied as trait 

markerss in alcoholism, in accordance with the three above-mentioned 

criteria.. The state effect of alcohol on changes in neurotransmission has 
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beenn widely studied within neurotransmitter systems. It has, for example, 

beenn the main approach adopted in studies of the NMD A receptor of the 

glutamatergicc system. However, this review focuses on indices of changes 

withinn five neurotransmitter systems that may have a trait effect on 

alcoholism.. This includes the following neurotransmitters: (1) y-

aminobutyricc acid (GABA) (Frye and Breese, 1982; Koob et al., 1986); (2) 

5-hydroxytryptaminee (serotonin; importantly, the impaired functioning of 

CNSS serotonin may result in diminishedd impulse control, a neurobiological 

featuree of type II alcoholism) (Cloninger, 1987; Linnoila et al., 1983); (3) 

dopaminee (Gessa et al., 1985; Imperato and Di Chiara, 1986; Wise and 

Bozarth,, 1987); (4) norepinephrine (Cloninger, 1994); (5) p-endorphin. This 

lastlast topic is the subject of two contradictory hypotheses. The endorphin 

compensationn or deficiency hypothesis states that alcohol use compensates 

forr a predisposed or acquired deficiency of endorphinergic receptor activity 

(Blum,, 1983; Erickson, 1990; Volpicelli et al, 1985). Whereas the opioid 

surfeitt hypothesis states that alcohol use is increased by a surfeit of 

opioidergicc receptor activity, rather than a deficit (Reid and Hunter, 1984; 

Hubbelll  et al., 1986; Reid et al., 1991). Both hypotheses are equally 

applicablee to other neurotransmitter systems. G-proteins and adenylyl 

cyclasee (or any other secondary messenger systems) have not been included 

inn this review as they are not neurotransmitters. 

Thee requisite theoretical background was provided by animal 

studiess carried out in the 1950s, which reported that changes in 

neurotransmissionn in rat brains led to addiction-related behaviour. Olds and 

Milnerr (1954) found that intracranial stimulation of the hypothalamus and 
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associatedd structures can act to reinforce operant conditioning. Brain 

stimulationn itself activated systems that were normally activated by a 

reinforcingg stimulus, like feeding or drinking (Deutsch and Howarth, 1963). 

Brainn self-stimulation (using electrodes placed in the vicinity of 

dopaminergicc neurones) was accompanied by locomotor activation and 

positivee reinforcement (Routenberg, 1978). Similarly, it has been 

hypothesizedd that euphoria and drug-seeking behaviour (whether induced by 

alcoholl  or other commonly abused substances) arise from activation of the 

mesolimbicc dopaminergic reward pathways of the brain (Gessa et al., 1985; 

Imperatoo and Di Chiara, 1986; Wise and Rompre, 1989). Endogenous 

opioidss are also reported to be involved in reward processes during brain 

self-stimulationn (Schaefer, 1988). The intracerebroventricular self-

administrationn of ^-endorphin in rats has demonstrated that this substance 

actss as an endogenous positive reinforcer of behaviour. Thus it might 

intrinsicallyy control behaviour like the self-administration of addictive drugs 

(Vann Ree et al., 1979). In addition, the opioid antagonist naltrexone blocks 

thee release of dopamine at the level of the nucleus accumbens, which 

followss alcohol administration (Benjamin et al., 1993). However, the results 

off  animal and human studies suggest that the effects of alcohol consumption 

aree not restricted to dopamine and endogenous opioids. Alcohol 

consumptionn may also affect several other brain neurotransmitters, 

includingg norepinephrine (Ahlenius et al., 1973; Brown and Amit, 1982), 

serotoninn (McBride et al., 1988; Murphy et al., 1988) and GABA (Hwang et 

al.,, 1990; McBride et al., 1990). 
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Alcoholism-relatedd behaviour patterns are defined in terms of the 

subtypess of alcoholics, like types 1 or 2 (with a clinical-theoretical basis) 

(Cloninger,, 1987) or types A or B (with an empirical basis) (Babor et al., 

1992).. These types represent a specific clustering of phenotypes with a 

distinctt aetiology of alcoholism. There may be areas in which different 

typologiess overlap one another. For example, type 2 and type B are both 

relatedd to the early onset of alcoholism, the presence of externalising 

psychopathologyy in childhood, multiple drug abuse and aggressive 

behaviourr (Cloninger, 1987; Babor et al., 1992). Phenotypic components 

couldd be assessed by measuring neurophysiological parameters, such as the 

P33 event-related potential (Van der Stelt, 1999). It has been shown, for 

example,, that alcoholics generate a smaller P3 than non-alcoholics (Cohen 

ett al., 1995; Pfefferbaum et al., 1991; Porjesz et al., 1998). The same applies 

too the children of alcoholics, relative to control children (Begleiter et al., 

1984;; Hill et al., 1995; Porjesz et al., 1998; Van der Stelt et al., 1998). The 

P33 phenotypic event-related potential has also been associated with an 

increasee in personality-dimension externalising behaviour (Bauer and 

Hesselbrock,, 1999; Carlson et al., 1999; Van der Stelt et al., 1998). 

Thee methods used to investigate human neurobiological 

vulnerabilityy to alcoholism include baseline studies, challenge studies and a 

varietyy of post-mortem studies. Baseline studies identify individual 

variationss in the trait marker, in the absence of any interference from 

alcohol.. The aim is to investigate the state independence of the trait marker 

inn question. Challenge studies often attempt to identify individual variations 

off  the trait marker after alcohol intake, while some studies use challenge 
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drugss other  than alcohol (acting on one or  more of the five neurotransmitter 

systemss under  review). This is because any individual variation in 

sensitivityy to the effects of alcohol (or  other  challenge drugs) might be 

associatedd with a variation in the risk of alcoholism (Schuckit et al., 1983; 

Schuckitt  and Smith, 1996). Generally, post-mortem studies simply reveal 

thatt  alcohol has a toxic effect on neurotransmitter  systems. The reported 

resultss do not usually draw a distinction between the trait and the state 

effectss of alcohol. Baseline and challenge studies are not only performed in 

alcoholics,, but also in high-risk individuals, such as the children of 

alcoholicss (COA). The children of alcoholics represent a unique, high-risk 

groupp in studies of the state independence of the trait marker. This is 

becausee they have a heightened risk of alcoholism, and because the 

youngestt  groups do not generally consume alcohol on a regular  basis (Eskay 

andd Linnoila , 1991; Hil l et al., 1991; Sher  et al., 1991). This review includes 

neurochemical-trait-markerr  studies that investigated changes in the levels of 

neurotransmitterss (or  their  metabolites) in cerebrospinal fluid (CSF) or 

plasma,, and changes in the number, activity and affinit y of receptors in the 

brain.. Also included in this review are studies performed on the brain either 

directlyy or  indirectly (by means of peripheral assessments). There is still 

somee doubt concerning the degree of correspondence between the latter 

measurementss and neurotransmitter  activity in the central regions. However, 

theree are problems associated with making some of the above-mentioned 

measurementss in neurobiological studies on humans. For  example, it would 

bee ethically indefensible to subject one particular  group of high-risk 

individual ss - the young children of alcoholic patents - to invasive or 
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extensivee examinations. This is because such examinations include 

investigationss of the CSF, alcohol challenge tests, and various brain-

imagingg techniques that use radioactive substances. Neurobiotogical 

researchh in high-risk groups, on the other hand, can be carried out with the 

aidd of peripheral blood samples, using platelets for example (Ratsma et al., 

1999). . 

Thee aim of this review is to evaluate three trait-marker criteria of 

possiblee neurochemical trait markers by reporting challenge, baseline and 

post-mortempost-mortem studies in alcoholics and their children. 

GAMMA-AMINOBUTYRI CC ACID 

PharmacologicalPharmacological properties 

y-Aminobutyricc Acid (GABA) acts on the GABAA receptor, which is a 

transmitter-gatedd chloride channel. GABAA receptors are composed of three 

sub-units:: alpha, beta, and gamma. Fourteen sub-units have been identified 

too date, six alpha variants, three beta variants, three gamma variants and two 

deltaa variants. Alcohol and benzodiazepines act on the gamma sub-unit of 

thee GABAA receptor (Suzdak et al., 1986), while GABA acts on the alpha 

sub-unit.. Changes in the sub-unit expression of GABAA receptors are 

reflectedd in the pharmacological properties of the receptors (Levitan et al., 

1988).. The GABA B receptor, is a G-protein-coupled receptor, without a 

benzodiazepinee binding site. 

21 1 



ResearchResearch findings 

Inn the post-mortem frontal cortex, expression of mRNA for  the GABAA 

receptor'ss oil and % sub-units was higher  in alcoholics than in controls 

(Lewohll  et al., 1997) (Mitsuyama et al., 1998). These findings are consistent 

withh the results of two post-mortem studies, in which noncirrhoti c 

alcoholicss were found to have more GABA receptors in their  cerebral cortex 

andd superior  frontal gyrus than the control subjects (Dodd et al., 1992) (Tran 

ett  al., 1981). Brain imaging studies have also been performed, using single-

photonn emission-computed tomography (SPECT) (Abi-Dargham et al., 

1998;;  Lingford-Hughes et al., 1998). These studies found that, in alcoholics 

andd type II  alcoholics, the benzodiazepine receptor  distributio n volume in 

thee anterior  cingulate, the prefrontal, frontal, parietal and temporal cortices 

andd in the cerebellum was reduced relative to controls. 

Somee challenge studies have used the technique of positron 

emissionn tomography (PET). This revealed the existence of a blunted 

glucosee utilization response to lorazepam in alcoholics (in the basal ganglia 

andd thalamus) and in the children of alcoholics (in the cerebellum), relative 

too controls. These findings indicate abnormalities in brain GABA-

benzodiazepinee receptor  reactivity (Volkow et al., 1993; 1995). This might 

bee consistent with previous SPECT studies in alcoholics, which revealed a 

reductionn in benzodiazepine receptor  volume. In alcoholics in the early 

phasee of abstinence and those who had been abstinent for  1-2 years, a 

challengee with gamma-hydroxybutyric acid (a GABA agonist) showed a 

bluntedd growth-hormone (GH) response (relative to controls). This also 
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representss a loss of GABA neurotransmission (Vescovi and Coiro, 1995; 

1997). . 

Thee findings of blunted, post-challenge GABA responses in 

alcoholicss and COA are not consistent with reported post-challenge plasma 

GABAA levels in COA. GABA plasma levels of COA increased much more 

inn response to alcohol than was the case in controls (Moss et al., 1990). 

Neutrall  results were also reported, where there was no difference between 

thee GABA plasma levels in COA and in controls, following a diazepam 

challengee (Cowley et al., 1996). 

AA twin study (Berrettini et al., 1982) showed that the inter-

individuall  difference in baseline plasma level of GABA is heritable. 

Abstinent,, adult male alcoholics were found to have a lower  baseline plasma 

GABAA level than non alcoholics (Coffinan and Petty, 1985; Petty et al., 

1993).. Plasma GABA levels were also studied in the children of alcoholics. 

Twoo studies of plasma GABA in male COA yielded conflicting results. One 

studyy showed that COA had lower  baseline plasma levels of GABA than 

controlss (Moss et al.,1990) while the other  found no such difference 

(Cowleyy et al., 1996). The young adult COA in the latter  study were highly 

selectedd for  having no history of alcohol or  drug abuse at ages 18-25. This 

mayy mean that they were at reduced risk of an early onset of alcoholism, 

whichh in turn may have biased the sample. 

Inn conclusion, baseline studies have indicated that the measurement 

off  GABA level in plasma seems to fulfi l two criteri a as a trait marker  for 

alcoholism.. Firstly , the inter-individua l difference is heritable and secondly, 

alcoholicss have reduced levels of GABA in their  plasma. Challenge studies 
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havee shown that the measurement of decreased GABA receptor 

responsivenesss also appears to fulfi l two trait marker  criteria. Firstly , it has 

beenn reported in alcoholics and secondly, it has also been reported in COA 

(Tablee land Table 2). 

Tablee 1. Trait marker  criteri a for  neurochemical baseline activities and 
responsess to challenges 

Neurochemicall  markers 

GABA-ergicc activity 
Baseline e 
(plasmaa GABA) 
Challenge e 
(receptorr reactivity) 
Serotonergicc activitv 
Baseline e 
(5HTT transporter activity) 
Challenge e 
(receptorr reactivity) 
Dopaminergicc activitv 
Baseline e 
(plasmaa or CSFHVA) 
Challenge e 
(receptorr activity) 
Noradrenergicc activitv 
Baseline e 
(CSFF norepinephrine) 
Challenge e 
(receptorr reactivity) 
p-Endorphinergic c 
activitv v 
Baseline e 
(plasmaa or CSF [J-endorphin) 
Challenge e 
(pituitaryy reactivity) 

Heritable e 

yes s 

--

yes s 

--

--

--

--

--

--

yes s 

Presencee in alcoholics 
(comparedd with 
controls) ) 

decreased d 

decreased d 

increased d 
(longg abstinence) 
decreased d 

inconsistent t 

decreased d 
(longg abstinence) 

decreased d 

decreased d 

decreased d 

increased d 

Statee independent 
(moree common in high-
riskrisk groups) 

inconsistent t 

decreased d 

increased d 

increased d 
(onee study) 

inconsistent t 

--

--

--

decreased d 
(receptorr density) 
increased d 
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Tablee 2. GABA studies 

GABB A Post-mortem 
studies s 

GABAA Challenge studies GABAA Baseline studies 

Alcoholicss vs. 
controls: : 
increasedd expression 
GABAAA receptors in 
frontall  cortex 
(Lewohll  et al., 1997; 
Mitsuyamaa et al., 
1998) ) 
Alcoholicss vs. 
controls: : 
increasedd number of 
GABAA receptors 
frontall  and cerebral 
cortexx studies (Dodd 
ett al., 1992; Tran et 
al.,, 1981) 

Alcoholicss vs. controls: 
decreasedd glucose utilization 
responsee to agonist lorazepam 
inn basal ganglia, thalamus 
(Volkoww et a l, 1993) 

Alcoholicss vs. controls: 
decreasedd growth hormone 
responsee to agonist GHB 
(Vescovii  and Coiro, 1995; 
1997) ) 

COAA  vs. controls: 
decreasedd glucose utilization 
responsee to agonist lorazepam 
inn cerebellum(Volkow et al., 
1995) ) 
COAA  vs. controls: 
neutrall  plasma GABA levels 
afterr alcohol (Moss et al.,1990) 
COAA  vs. controls: 
neutrall  plasma GABA levels 
afterr agonist diazepam (Cowley 
ett al., 1996) 

Alcoholicss vs. controls: 
decreased d 
benzodiazepinee receptor 
densityy in the cortex 
(Lingford-Hughess et al., 
1998) ) 

Alcoholicss type I I  vs. 
controls: : 
decreased d 
benzodiazepinee receptor 
densityy in the cortex and 
cerebellumm (Abi-
Darghamm et al., 1998) 

Alcoholicss vs. controls: 
decreasedd GABA plasma 
levelss (Cofrman and 
Petty,, 1985; Petty etal., 
1993) ) 
COAA  vs. controls: 
decreasedd plasma GABA 
levelss (Moss et al.,1990) 
COAA vs. controls: 
neutrall  plasma GABA 
levelss (Cowley et al., 
1996)) _ _ „ 
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5-HYDROXYTRYPTAMINE E 

PharmacologicalPharmacological properties 

5-Hydroxytryptaminee (5-HT, serotonin) acts on 15 known subtypes of 5-HT 

receptors,, which fall into four structural and functional 'families' of 

receptors.. Three types (5-HTi, 5-HT2, and 5-HT4) are coupled to G-proteins, 

whilee the 5-HT3 receptor acts as a 5-HT gated ion channel. Although the 

geness of three other types (5-HT5, 5-HT& and 5-HT7) have been cloned, 

theirr physiological functions are as yet unknown. The 5-HT transporter is 

locatedd in the serotonergic axon terminals, where it terminates 5-HT action 

inn the synapse, and in platelet membranes, where it takes up 5-HT from the 

bloodd (Blakely et al., 1991). The synthesis of serotonin is influenced by the 

amountt of the precursor tryptophan in the brain. In order to gain entry to the 

brain,, tryptophan has to compete with other amino-acids. The extent to 

whichh tryptophan in the blood circulation is available to the brain may be 

decreasedd in alcoholics with a positive family history (see review by 

Badawy,, 1999). The concentration of 5-Hydroxyindoleacetic acid (5-HIAA) 

(thee major metabolite of serotonin) in cerebrospinal fluid (CSF) reflects 

centrall  serotonergic processes (Banki and Molnar, 1981). 

ResearchResearch findings 

Post-mortemm studies of brain tissue from alcoholics have revealed reduced 

5-HTT transporter binding in the hippocampus (Gross-Isseroff and Biegon, 

1988;; Chen et al., 1991). Similarly, binding was found to be reduced in the 

5-HTT i A receptors of individuals who consumed alcohol relative to those of 

subjectss who did not (Dillon et al., 1991). 
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Followingg a challenge with a mixed serotonin partial agonist, m-

chlorophenylpiperazinee (mCPP), the ACTH response and the activation in 

thee basal ganglia circuits (involving orbital and prefrontal cortices) was 

foundd to be lower  in alcoholics than in non alcoholics (Krystal et al., 1994; 

Georgee et al., 1997; Hommer et al, 1997). These findings were reflected by 

aa decrease in the brain' s utilisation of glucose, as shown by PET. This 

suggestss that 5-HT2C receptors in alcoholics exhibit reduced sensitivity. 

Otherr  studies reported challenges in which growth hormone, prolactin, and 

Cortisoll  exhibited blunted responses to fenfluramine (releasing serotonin as 

ann indirect agonist), mCPP, and sumatriptan (a 5-HT1D receptor  agonist). 

Thee subjects in question were active alcoholics and abstaining alcoholics 

whoo had not used alcohol for  1-2 years (Balldin et al., 1994; Krystal et al., 

1996;;  Vescovi and Coiro, 1997). Conversely, an elevated Cortisol response 

wass reported after  a challenge with fenfluramine in a high-risk group of 

ADHDD (Attention-Deficit Hyperactivity Disorder) boys, versus ADHD boys 

withh a low risk of alcoholism. The assessed degree of risk was based on the 

presencee or  absence of parental alcoholism (Schulz et al., 1998). 

Thee results of a study using single photon emission computed 

tomographyy (SPECT) showed a reduction in brain-stem serotonin 

transporterss in alcoholics (after  3-5 weeks of abstinence) relative to controls 

(Heinzz et al., 1998). A decrease in alcoholism-related serotonin transport 

wass associated with a decrease in the 5-HT content of platelets in alcoholics 

(Banki,, 1978). It also corresponded to a decrease (relative to controls) in the 

uptakee of  3H-5HT by platelets in alcoholics undergoing a two-week period 

27 7 



off  detoxification (Kent et al., 1985). A twin study found that 5-HT uptake in 

bloodd platelets is moderated by genetic factors (Meltzer  and Arora, 1988). 

Alcoholicss who had abstained from alcohol for  periods of 1 month 

too 22 years (and their  children) were found to have a higher  3H-5HT platelet 

uptakee than controls (Ernouf et al., 1993). This is contrary to the findings in 

activee alcoholics and in those who had only recently started practising 

abstinence.. In addition, male COA were found to have a higher  Vmax 

(capacity)) of platelet serotonin uptake than controls (Rausch et al., 1991). 

Ass a result, it was suggested that an increase (rather  than a decrease) in 

platelett  serotonin transport was a trait marker  for  alcoholism (Ernouf et al., 

1993).. It is important to note that early-onset alcoholics exhibit higher 

platelet-serotonin-transporterr  activity than late-onset alcoholics (Javors et 

al.,, 2000). 

Withh regard to 5-HIAA , the levels of this metabolite in CSF taken 

fromfrom  abstinent alcoholics of both sexes were lower  than in controls 

(Ballengerr  et al., 1979; Banki, 1981; Borg et al., 1985). Alcoholic impulsive 

offenderss had lower  CSF 5-HIAA levels, than alcoholic non-impulsive 

offenders,, while the controls had intermediate levels (Virkkune n et al., 

1994).. Early-onset alcoholics had lower  5-HIAA levels than late-onset 

alcoholicss (Fils-Aime et al., 1996). This was consistent with studies 

demonstratingg low precursor  serotonin availability in early-onset alcoholism 

(Buydens-Brancheyy et al., 1989). CSF 5-HIAA concentrations might be a 

state-relatedd phenomenon, since essential dietary fatty acids could cause 

changess in CSF 5-HIAA concentrations (Hibbeln et al., 1998). However, an 

animall  study of CSF 5-HIAA levels in monkeys revealed a high degree of 
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intra-individuall  stability (Raleigh et al., 1992). The above-mentioned CSF 

5-HIAAA studies, which were only performed in alcoholics, were consistent 

withh the hypothesis that decreased CSF 5-HIAA levels represent a central 

serotonergicc deficit in a subgroup of early-onset male alcoholics (Linnoila et 

al,, 1983). 

Inn conclusion, the inter-individual difference in baseline serotonin 

transporterr activity in platelets seems to be heritable. There are also 

indicationss that it is elevated in COA and in alcoholics who have been 

abstinentt for a protracted period off  time. The measurement of increased 

baselinee serotonin transporter activity in platelets would therefore appear to 

fulfi ll  three of the criteria for trait markers for alcoholism. Challenge studies 

off  serotonin receptor responsiveness have shown (albeit inconsistently) a 

decreasedd 5-HT response in alcoholics. There is also one report of an 

elevatedd response in COA, thus one criterion may have been met (Table 1 

andd Table 3). 
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Tablee 3. Serotonin studies 

Serotoninn post-mortem 
studies s 

Serotoninn challenge studies Serotoninn baseline studies 

Alcoholicss vs. controls: 
decreasedd binding 5-HT 
transporterr (Gross-
Isserofff  and Biegon, 
1988;; Chen etal., 1991) 
Alcoholl  consumers vs. 
controls: : 
decreasedd binding 5-
HTJAA receptor (Dillon et 
al.,, 1991). 

Alcoholicss vs. controls: 
decreasedd glucose utilization in 
basall  ganglia circuits and ACTH 
responsee to partial 5-HT agonist 
mCPPP (Hommer et al., 1997) 
Alcoholicss vs. controls: 
decreasedd ACTH response to 
mCPPP (Krystal et al., 1994; 
Georgee etal., 1997). 

Alcoholicss vs. controls: 
decreasedd prolactine and Cortisol 
responsee to serotonin (Balldin et 
al.,, 1994; Krystal et al., 1996), 
Alcoholicss vs. controls: 
decreasedd growth hormone 
responsee to 5-HT ID receptor 
agonistt sumatriptan (Vescovi and 
Coiro,, 1997) 
COAA with ADHD vs. controls 
withh ADHD: 
increasedd Cortisol response to 5-
HTT agonist fenfluramine (Schultz 
etal.,, 1998) 

Alcoholicss vs. controls: 
decreasedd brainstem 
serotoninn transporters 
(SPECT)) (Heintz et al., 
1998) ) 
Alcoholicss vs. controls: 
decreasedd platelet serotonin 
uptakee and content (Banki, 
1978;; Kent et al., 1985) 

Alcoholicss vs. controls: 
increasedd platelet serotonin 
uptakee (Ernouf et al., 1993) 
(long-termm abstinence) 
COAA vs. controls: 
increasedd platelet serotonin 
uptakee (Ernouf et al., 1993; 
Rauschetal.,, 1991) 

Early-onsett  vs. Late-onset 
alcoholics: : 
increasedd platelet serotonin 
uptakee (Javors et al., 2000) 

Alcoholicss vs. Controls: 
decreasedd CSF 5-HIAA level 
(Ballengeretal.,, 1979; 
Banki,, 1981; Borg etal., 
1985). . 
Early-onsett  vs. Late-onset 
alcoholics: : 
decreasedd CSF 5-HIAA 
levell  (Fils-Aime et al., 1996) 
Impulsivee vs. Non-
impulsivee alcoholics: 
decreasedd CSF 5-HIAA 
levelss (Virkkunen et al., 
1994) ) 
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DOPAMINE E 

PharmacologicalPharmacological properties 

Dopaminee acts on at least five dopamine receptors, which are divided into 

twoo major groups: (1) the Dl-lik e receptors (Dl and D5) and (2) the D2-like 

receptorss (D2, D3, and D4). All dopamine receptors are G-protein-coupled 

receptors,, the Dl receptor stimulates adenylyl cyclase activity while the D2 

receptorr inhibits adenylyl cyclase activity. Homovanillinic acid (HVA) is 

thee major metabolite of dopamine. 

ResearchResearch findings 

Inn one challenge study, male alcoholics who had been abstinent for a period 

77 years (  6 years) exhibited reduced postsynaptic-dopamine-receptor 

sensitivityy relative to controls. This was expressed as a reduced maximum 

growthh hormone (GH) response to the agonist apomorphine (Balldin et al., 

1992).. This report was consistent with the reduction in GH-response 

(relativee to controls) seen in alcoholics who had been abstaining from 

alcoholl  for periods ranging from 8 days to 6 months (Dettling et al., 1995). 

However,, an earlier study showed that, after a withdrawal state of 4-7 days, 

alcoholicss exhibited an elevated GH response to dopamine infusion, 

whereass their GH responses to apomorphine were similar to those of 

controlss (Annuziato et al., 1983; Balldin et al., 1985). The dopamine 

receptorr involved in GH secretion was thought to be a D2-type receptor, 

whilee Dl receptors are believed to be involved in prolactin secretion 

(Fabbrinii  et al., 1988). The reduction in postsynaptic-dopamine-D2-

receptor-sensitivityy in alcoholics who had been abstaining from alcohol for 
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att  least 8 days might be a trait marker  for  alcoholism. This may be 

consistentt  with the dopaminergic hypothesis of alcoholism (Eckardt et al., 

1998;;  Ikemoto et al., 1999; Koob et al., 1998). It may also account for  the 

factt  that, prior  to detoxification, active alcoholics exhibit a reduced prolactin 

responsee to the antagonist haldol. This response reverted to control values 

thirteenn days after  detoxification (Markanios et al., 2000). 

Baselinee studies of homovanillinic acid (HVA) , found mat 

alcoholicss had lower  levels of this metabolite in their  plasma than did 

controll  subjects (Fulton et al., 1995). However, the HVA levels found in the 

CSFF of alcoholics and in the plasma of male COA were similar  to those 

foundd in controls (Petrakis et al., 1999; George et al., 1999; Howard et al., 

1996;;  Limson et al., 1991; Roy et al., 1990). Early-onset alcoholics were 

foundd to have lower  levels of HVA in their  CSF than late-onset alcoholics 

(Fils-Aimee et al., 1996). These results were contradicted by other  studies, 

however,, which found increased HVA CSF levels in early-onset alcoholics 

relativee to late-onset alcoholics (George et al., 1999; Petrakis et al., 1999). 

Inn conclusion, these inconsistent baseline studies show that the 

changess in dopaminergic neurotransmission that are associated with 

alcoholismm do not appear  to fulfi l either  of the reviewed criteri a for  a trait 

markerr  for  alcoholism. The challenge studies in alcoholics who had been 

abstainingg for  a protracted period of time showed a decreased dopamine 

receptorr  response that seems to fulfi l one of the criteri a for  a trait marker, 

namelyy that it is present in alcoholics (Tables 1 and 4). 
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Tablee 4. Dopamine studies 

Dopaminee challenge studies 

Alcoholicss vs. controls: 
decreasedd GH response to 
apomorphinee (Balldin et al., 
1992)) (Dettlingetal., 1995) 
(long-term(long-term abstinence) 

Dopaminee baseline 
studies s 
AlcoholicsAlcoholics vs. controls: 
neutrall  HVA CSF levels 
(Petrakiss et al., 1999; 
Georgee etal., 1990; 
Limsonn et al-, 1991; Roy 
etal.,, 1990) 
Alcoholicss vs. controls: 
decreasedd HVA plasma 
levelss (Fulton et al., 1995) 

COAA  vs. controls: 
neutrall  HVA plasma 
levelss (Howard et al., 
1996) ) 
Early-onsett  vs. late onset 
alcoholics: : 
decreasedd HVA CSF 
levelss (Fils-Aime et al., 
1996) ) 

Early-onsett  vs. late onset 
alcoholics: : 
increasedd HVA CSF 
levelss (George et al., 
1999;; Petrakis etal., 

Alcoholicss vs. controls: 
increasedd GH response to 
dopaminee infusion (Annuziato et 
al.,, 1983) (short-term abstinence) 
Alcoholicss vs. controls: 
neutrall  GH response to 
apomorphinee (Balldin et al., 
1985)) (short-term abstinence) 
Alcoholicss vs. controls: 
decreasedd prolactine response to 
haldoll  during alcohol intake, 
neutrall  response after 
detoxificationn (Markianos et al., 
2000) ) 
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NOREPINEPHRINE E 

PharmacologicalPharmacological properties 

Norepinephrinee acts on various adrenergic receptors (two a receptors and 

twoo p receptors), all of which are G-protein coupled. The (Xi adrenergic 

receptorr is linked to the mobilisation of intracellular calcium by 

phospholipasee C, while the a2 adrenergic receptor inhibits adenylyl cyclase. 

Thee pi and p2 adrenergic receptors stimulate adenylyl cyclase. A major 

metabolitee of norepinephrine is 3-methoxy-4-hydroxyphenylglycol 

(MHPG). . 

ResearchResearch findings 

Reducedd numbers of melanin-containing noradrenergic neurones were 

foundd in the post-mortem locus ceruleus of alcoholics, which indicates a 

lowerr level of noradrenergic neurotransmission (Arango et al., 1994). This 

wass inconsistent with the findings of Baker et al., (1994), however, which 

showedd no differences post-mortem. In a baseline study, cerebrospinal fluid 

andd plasma were continuously sampled in controls and in alcoholics who 

hadd been abstaining for 38-124 days (Geracioti et al., 1994). The results 

showedd mat CSF norepinephrine was lower in alcoholics than in controls, 

whichh was consistent with the findings of Arango et al., (1994). Although 

theree were no differences in terms of the norepinephrine levels in plasma 

(Geraciotii  et al., 1994), alcoholics were found to have a lower basal level 

relativee to controls (Ehrenreich et al., 1997). 

Thee same study reported that, following a challenge with human 

CRFCRF or a stress-test, the norepinephrine response was unaffected 
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(Ehrenreichh et al., 1997). In addition, alcoholics were found to have a 

bluntedd growth hormone response to clonidine (an a2 adrenergic receptor 

agonist)) in comparison to controls. The effect was found shortly after 

detoxificationn and also after six months of abstinence (Glue et al., 1989; 

Berggrenn et al., 2000). Similarly, in comparison to controls, alcoholics were 

foundd to have an enhanced Cortisol response to yohimbine (an a2 adrenergic 

receptorr antagonist). This reflects the down-regulation of postsynaptic 

noradrenergicc receptors that is observed in alcoholics (Krystal et al., 1996). 

Inn conclusion, both the basal studies of decreased norepinephrine 

levelss in CSF (but not in plasma) and the challenge studies of receptor 

responsivenesss showed that a decrease in noradrenergic neurotransmission 

seemss to fulfi l one criterion for a trait marker, that it should be present in 

alcoholicss (Table 1 and Table 5). 

Tablee 5. Norepinephrine studies 

Norepinephrinee post- Norepinephrine challenge Norepinephrine baseline 
mortemm studies studies studies 
Alcoholicss vs. controls: Alcoholics vs. controls: Alcoholics vs. controls: 
decreasedd number of neutral response of decreased levels of 
noradrenergicc neurones in norepinephrine in plasma after norepinephrine in CSF 
locuss ceruleus (Arango et CRF or a stress test (Geraciotti et (Geraciotti et al., 1994) 
al.,, 1994) al., 1994; Ehrenreich et al., 

1997) ) 
Alcoholicss vs. controls: Alcoholics vs. controls: Alcoholics vs. controls: 
neutrall  number of increased Cortisol response to neutral levels of 
noradrenergicc neurones in antagonist yohimbine (Krystal et norepinephrine in plasma 
locuss ceruleus (Baker et al., 19%) (Geraciotti et al., 1994) 
al.,, 1994) 

Alcoholicss vs. controls: Alcoholics vs. controls: 
decreasedd growth hormone decreased levels of 
responsee to agonist clonidine norepinephrine in plasma 
(Gluee et al., 1989; Berggren et (Ehrenreich et al., 1997) 
al.,, 2000) 
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BETA-ENDORPHIN N 

PharmacologicalPharmacological properties 

Opioidss act on three major classes of opiate receptors: mu, delta and kappa. 

Thesee G-protein-coupled receptors, which inhibit adenylyl cyclase, are 

distributedd throughout the central nervous system. The distribution of p-

Endorphin,, however, is somewhat restricted. It is primarily confined to 

neuroness in the hypothalamus which send projections to the periaqueductal 

greyy region and to noradrenergic nuclei in the brain stem. 

ResearchResearch findings 

Baselinee studies in humans have shown that, in individuals at risk of 

alcoholism,, the basal activity level of the endogenous opioid system might 

bee lower than in individuals with a low risk of alcoholism (Volpicelli et al., 

1990).. Such a finding would be consistent with the opioid-deficiency 

hypothesis.. This was supported by the fact that the p-endorphin levels in the 

plasmaa and cerebrospinal fluid of alcoholics were lower than those found in 

controlss (Aguirre et al., 1990; Genazzani et al., 1982). It was reported in one 

studyy that alcohol may have an equally strong effect on the central levels of 

p-endorphinn as it does on the peripheral levels (Peterson et al., 1996). A 

lowerr dose of naloxone completely blocked any reduction in synaptic opioid 

contentt and/or opioid receptor density in high risk individuals. This 

indicatess that endogenous hypothalamic opioid activity levels in these 

individualss are lower than those in low-risk subjects (Wand et al., 1998). 

Usingg a placebo, it was found that Cortisol levels in high-risk subjects were 

higherr than in low-risk subjects. This indicates that there is probably no 
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increasee in opioid receptor  affinity , as this would result in more inhibitor y 

tone,, and lower  Cortisol levels. 

Withh regard to challenge studies, the opioid antagonist naloxone 

producedd higher  Cortisol and ^-endorphin responses in alcoholics than in 

controls.. It also caused alcoholics to reduce their  consumption of ethanol 

(Kemperr  et al., 1990; O'Malley et al., 1992; Volpicelli et al., 1992). The 

ingestionn of a moderate dose of ethanol induced a dose-dependent increase 

inn plasma ^-endorphin levels in high-risk subjects but not in low-risk 

subjects.. Although these elevated levels were not produced by the peripheral 

adrenall  Cortisol system, the more central pituitar y p-endorphin system 

showedd an increased sensitivity to ethanol. This might mediate ethanol's 

reinforcingg effects in high-risk subjects (Gianoulakis et al., 1989; 1996). 

Thesee baseline and challenge studies are consistent with the opioid-

deficiencyy hypothesis. In a twin study, the inter-individua l difference in p-

endorphinn response to alcohol was found to be heritable (Froehlich et al., 

2000). . 

Inn conclusion, the measurement of decreased P-endorphin baseline 

activityy appears to fulfi l two of the reviewed criteri a for  a trait marker  for 

alcoholism.. These are lower  P-endorphin levels in alcoholics and decreased 

opioidd receptor  density in COA. However, the measurement of increased p-

endorphinn responsiveness seems to fulfi l three such criteri a in that it is 

heritable,, it is present in alcoholics and it is state independent (present in 

COA).. (Table 1 and 6). 
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Tablee 6. ^-Endorphin studies 

p-Endorphinn challenge studies 
Alcoholicss vs. controls: 
increasedd Cortisol response to 
naloxonee (Kemper et aL, 1990) 

Alcoholicss vs. controls: 
increasedd ^-endorphin response to 
naloxonee (O'Malley et al., 1992) 

Alcoholicss vs. controls: 
decreasedd alcohol consumption with 
naloxonee (Volpicelli et al., 1992) 
COAA  vs. controls: 
increasedd ^-endorphin response to 
alcoholl  (Gianoulakis et al., 1989; 
1996) ) 

ft-Endorphinft-Endorphin baseline studies 
Alcoholicss vs. controls: 
decreasedd basal level of p-
endorphinn in plasma (Aguirre 
ett al., 1990) 
Alcoholicss vs. controls: 
decreasedd basal level of fi-
endorphinn in CSF (Genazzani 
etal.,, 1982) 
COAA  vs. controls: 
decreasedd opioid receptor 
densityy (Wand et al., 1998) 
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CONCLUSIONS S 

Thee present report reviewed five neurotransmitters: GABA, serotonin, 

dopamine,, norepinephrine and ^-endorphin (see Table 1). Two 

neurochemicall  markers seemed to fulfi l the three reviewed criteria of a trait 

markerr for alcoholism. The first possible marker is the measurement of 

increasedd baseline activity of the serotonin transporter in platelets. This is 

heritable,, and is presentt in both long-term abstinent alcoholics and in COA. 

Thee second marker is the measurement of increased responsiveness of the 

pituitaryy p-endorphin system to challenges. This is heritable, and is present 

inn both alcoholics and COA. Both possible neurochemical markers have yet 

too be assessed in family co-segregation studies to determine whether the 

markerr segregates with alcoholism within families, to prevent false positive 

conclusions. . 

Itt can be concluded from the GABA challenge studies in alcoholics 

andd in COA that the measurement of decreased responsiveness in GABA 

neurotransmissionn fulfil s two of the reviewed criteria for a trait marker, it is 

presentt in both alcoholics and in COA. Further studies on the question of 

heritabilityy are needed. Another possible trait marker is the measurement of 

reducedd baseline GABA levels in plasma. Its properties must be further 

studiedd in the children of alcoholics, to assess the state independence of 

thesee effects. 

Studiess on serotonin activity in alcoholics and COA have shown 

thatt increases in serotonin transporter activity can be masked by the recent 

consumptionn of alcohol, which may lead to a decrease in serotonin 

transporterr activity in active and newly abstinent alcoholics. This may also 
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holdd true for  the use of challenge studies to determine the presence of a 

decreasedd postsynaptic serotonin receptor  response in alcoholics versus an 

elevatedd response in COA. The serotonin post-mortem studies that have 

beenn reviewed also showed decreased binding to the serotonin transporter 

andd receptor. This may be consistent with a masking effect produced by 

alcoholl  (Menninger  et al., 1998). 

Althoughh the challenge and baseline studies of dopamine activity in 

alcoholicss produced contradictory results, decreased receptor  reactivity was 

foundd in alcoholics who had been abstaining for  a protracted period of time. 

Thee measurement of dopamine levels in plasma poses certain problems, 

howeverr  the use of neuro-imaging techniques (which measure central 

dopaminergicc functions) holds considerable promise for  the future. 

Indicess of changes in the norepinephrine system all corresponded to 

aa fall in norepinephrine baseline levels, and to a reduction in postsynaptic-

a2-adrenergic-receptorr  reactivity. There may be reduced activity in the 

norepinephrinee system, of which the assessment might represent a trait 

markerr  for  alcoholism. However, further  studies are required on the 

presencee of these possible markers in COA, and on their  heritability . 

Thee reduced baseline level of (J-endorphin in alcoholics, together 

withh reduced opioid receptor  density in COA and an elevated p-endorphin 

responsee to alcohol and naloxone in alcoholics and COA, might be 

consistentt  with the opioid-deficiency hypothesis. The finding that inter-

individuall  differences in challenged (̂ -endorphin levels are heritable 

suggestss that the measurement of increased responsiveness of the f$-

endorphinn system may be a trait marker  for  alcoholism. 
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Inn the course of producing this review, no familial co-segregation 

studiess were found on possible neurochemical trait markers and alcoholism. 

Suchh studies would have been of use in addressing the issue of possible 

false-positivee conclusions. However, many familial and population-based 

linkagee studies have been carried out into candidate, neurochemistry-related, 

alcoholismm genes. The Collaborative Study of the Genetics of Alcoholism 

(COGA)) has performed linkage analyses in a large number of families with 

severee alcoholism. The COGA is a multicentre study for the detection and 

characterizationn of genes that influence susceptibility to alcohol dependence 

andd related phenotypes. Data from COGA have been used to study the 

linkagee of vulnerability for alcoholism on regions of chromosomes 1, 2 and 

77 (Reich et al., 1998). Neurogenetic candidate genes on chromosomes 4 and 

111 have been reported in a genome-wide scan for genetic linkage to alcohol 

dependencee in a South-western American Indian Tribe (Long et al., 1998). 

Thee regions in question are those near the pi GAB A receptor gene on 

chromosomee 4, and near the tyrosine hydroxylase and dopamine D4 

receptorr genes on chromosome 11. 

Genome-widee screenings must be followed by investigations in 

alcoholicss and CO A, to determine whether the candidate gene has a real 

causall  relationship with the development of alcoholism over time. As 

pointedd out in the review by Rutter (1994), it is essential that the component 

off  a multidimensional phenotype of alcoholism be accurately defined and 

thatt it be strongly homogeneous in genetic terms. This indicates that further 

researchh is needed on the etiological heterogeneity, mode of transmission 
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andd incomplete penetrance of the genes involved in alcoholism (Devor  et al. 

1994). . 

Inn conclusion, this review presents three main items. Firstly , two 

possiblee neurochemical markers fulfi l three criteri a of a trait marker  for 

alcoholism.. The markers in question are the measurements of increased 

baselinee activity of the serotonin transporter  in platelets and increased 

responsivenesss of the pituitar y p-endorphin system to challenges. Secondly, 

aa description of changes in GABA, dopamine and norepinephrine 

neurotransmitterr  systems is presented. As yet, however, these do not fulfi l 

alll  three reviewed criteri a for  a trait marker  for  alcoholism. Thirdly , we 

wouldd like to emphasize that the use of high-risk groups is essential (a view 

supportedd by the many inconsistent studies in CO A). Such an approach 

facilitatess investigations into the state independence of a trait marker. This is 

duee to the marked influence of alcohol on neurotransmitter  systems, which 

resultss in state dependent changes after  alcohol use. It also makes it possible 

too determine (preferably by the use of longitudinal data) whether  an index of 

aa change within a neurotransmitter  system has a causal relationship with the 

developmentt  of alcoholism. If so, this would mean that it could serve as a 

trai tt  marker. Trait markers for  alcoholism which do not yet fulfi l all of the 

criteri aa may do so in the future, once they have been more extensively 

studied. . 
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Psychiatricc disorders in children of treated 

alcoholics:: the influence of gender, parental 

psychiatricc co-morbidity and family history of 

alcoholism m 

ABSTRACT T 
Thee aim of the study is to describe the psychopathology present in the children of treatment 

seekingg alcoholics (COA). In addition, the present study investigates whether gender, 

parentall  psychiatric co-morbidity, number of alcoholic parents, and family history of 

alcoholism,, are related to psychopathology in COA. Our sample consisted of 60 COA (28 

boys,, 32 girls) aged 7 to 18, from 39 families. These families included 39 alcoholic index 

parentss (16 mothers, 23 fathers) under treatment for their alcoholism, of whom 9 had spouses 

whoo were also alcoholics (1 mother, 8 fathers). DSM-HI-R diagnoses were assessed in COA 

andd in index parents. Among the 39 alcoholic index parents, 78% had at least one co-morbid 

DSM-HI-RR disorder, mainly affective and anxiety disorders. Among the COA, 50% had at 

leastt one DSM-III-R disorder mainly depression and anxiety disorders. Depression and 

anxietyy disorders were over-represented in the daughters of alcoholic mothers, who were 

sevenn times more likely to have depression and anxiety disorders than other COA. As 

expected,, the gender of the alcoholic parent exerted an influence on the psychopathology of 

COA.. This, however only occurred in the daughters of alcoholic mothers. Unexpectedly, 

parentall  psychiatric co-morbidity, the number of alcoholic parents, and family history status 

didd not predict psychopathology in COA. 

*Thiss chapter was submitted as: Ratsma, J.E., Van den Brink, W., Van der Stelt, O., 

Gunning,, W. B. Psychiatric disorders in children of treated alcoholics: die influence of 

gender,, parental psychiatric co-morbidity and family history of alcoholism 
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INTRODUCTION N 

Parentall  alcoholism is associated with both externalising psychopathology 

(conductt disorder, oppositional disorder, attention-deficit hyperactivity 

disorder,, alcohol and substance abuse) (1-3), and internalising 

psychopathologyy (major depressive episodes, several anxiety disorders) in 

theirr offspring (3-5). The nature and the extend of these relationships seems 

too be dependent on the gender of the alcoholic parent, the gender of the 

COA,, the presence of co-morbid psychopathology in the alcoholic parent, 

thee number of alcoholic parents and the existence of a multigenerational 

familyy history of alcoholism. 

Withh regard to the effects of gender, in a familial segregation study, 

itt was found that alcoholism is only associated with panic disorder in the 

femalee relatives of probands selected for alcoholism and/or anxiety 

disorderss (6). In a review, it was shown that the gender of offspring and 

alcoholicc parent may influence the psychopathological outcome in the 

offspringg (7). In offspring of alcoholic parents without co-morbid 

psychopathology,, maternal alcoholism relates to affective disorders in boys, 

whereass paternal alcoholism relates to affective disorders in girls (8). 

However,, a recent study reported higher internalising and depression scores 

inn daughters from families with maternal alcoholism, as assessed from 

parentall  ratings, whereas in families with paternal alcoholism, sons had 

higherr scores (9). 

Parentall  gender is not the only factor that may influence affective 

disorderss in COA, parental psychopathology also seems to exert an effect. 

Moree specifically, parental anxiety and depression increase anxiety and 
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depressionn in COA (2, 5,6,10,11). Interestingly, the anxiety disorder itself 

mayy be a risk factor for alcoholism in adolescents. In a prospective follow-

upp study in college students, a reciprocal causal relationship was observed, 

overr time, between alcohol dependence and anxiety disorders (12). In 

addition,, the number of alcoholic parents, seems to be related to 

psychopathologyy in COA. This means that the presence of two alcoholic 

parentss leads to more psychopathology in the COA, than does the presence 

off  a single alcoholic parent (2,3, 13). 

Concerningg the risk of alcoholism in COA, segregation studies in 

familiess with multigenerational alcoholism, have indicated that COA are at 

increasedd genetic risk of alcoholism. Independently of that, the risk is 

furtherr increased by environmental effects stemming from the parents (14, 

15).. In adolescents treated for severe alcohol and drug related problems, a 

familiall  segregation study has shown that transmissible family factors 

(geneticc and environmental factors that are transmitted from parents to 

children)) account for 30-40% of the variance in antisocial behaviour, 

depressivee symptoms and alcohol problems (16). The question arises 

whetherr psychopathology in children at risk of alcoholism is related to a 

positivee family history of alcoholism (defined as the presence of a 

multigenerationall  rather than an unigenerational family history of 

alcoholism)) or whether it is related to other parentall  effects (related to the 

numberr of alcoholic parents, their gender, and any parental psychiatric co-

morbidity).. Because low socio-economic status (SES) in parents is a well 

knownn risk factor for the presence of psychopathology in their offspring 
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(17),, the influence of SES on psychopathology in COA has also to be taken 

intoo account. 

Thee current study has two aims. One is to describe any 

psychopathologyy present in male and female COA (using DSM-DI-R 

diagnosticc criteria) whose parents are seeking treatment for  alcoholism. The 

otherr  objective is to determine whether  gender, parental psychiatric co-

morbidity ,, the number  of alcoholic parents and a positive family history of 

alcoholismm are related to DSM-IÜ-R psychopathology in COA. 

METHOD S S 

RecruitmentRecruitment of alcoholic parents 

Treatmentt  seeking alcoholic biological parents were recruited in addiction 

centress in the Amsterdam region in the period from December  1993 to 

Januaryy 1996. Of the 71 alcoholic parents who weree in contact with their 

childrenn (aged 7 to 18), 399 alcoholic index parents voluntaril y participated 

inn the current study. It was important to identify any differences between 

thiss group of 39 parents and other  alcoholic parents of children aged 7 to 18 

whoo were not participatin g in the current study. To this end, comparisons 

weree made concerning gender, age and the occurrence of DSM-III- R 

alcoholl  dependence or  abuse. The group of 32 non-participating parents 

consistedd of 6 mothers (18%) and 26 fathers (82%) (mean age 41.7  8.3, 

rangee 24-66). Five parents (15%) exhibited DSM-IÜ-R alcohol abuse, and 

244 parents (75%) exhibited alcohol dependence, based on the alcohol abuse 

modulee of The Composite International Diagnostic Interview (CIDI ) (18). 

Thee group of 39 index parents consisted of 16 mothers (41%) and 23 fathers 
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(59%)) (mean age of index parents 42.0  5.9, range 24-60). Two parents 

(5%)) exhibited DSM-III-R alcohol abuse (based on alcohol abuse module 

CIDI)) and 34 parents (87%) exhibited alcohol dependence. No CIDI was 

availablee for three of the alcoholic index parents (1 mother, 2 fathers) in the 

currentt study (who had a total of four children). This was because one 

motherr died before assessment could take place,, one father was missed out 

andd one father was too il l to participate. There were no significant 

differencess in mean age, proportion of alcohol abuse and alcohol 

dependencee between the two groups of parents. However, the group of 

indexindex parents contained significantly more mothers than did the non-

participatingg group of parents (t = 2.46; p < 0.020). 

Thee current study comprised 39 index parents. Of this group, 29 

parentss were treated in an inpatient setting, while 10 parents received 

outpatientt therapy for their alcoholism. The age of onset of the alcohol 

problemss was 27.5  8.2 (range 15-50) and the duration of alcohol 

problemss was 14.6 5 years. 

RecruitmentRecruitment ofCOA 

Al ll  the children (n = 60) of all 39 index parents participated voluntary. Each 

off  these CO A, therefore, had at least one alcoholic index parent who was 

beingg treated for alcoholism. Twelve COA (6 boys, 6 girls), had two 

biologicall  alcoholic parents. Fifty-four COA were Caucasian, 6 COA 

belongedd to an ethnic minority. The participating children were compared 

withh the children, aged 7 to 18 (n = 66), of alcoholic parents who did not 

participatee in the current study. No difference in mean age and gender was 
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foundd between the two groups of children. The age of the 60 participatin g 

COAA (28 boys, 32 girls) ranged from 7-18 (mean age 12.0  3.4). 

Off  the COA, 34 (57 %) had parents who were divorced. In this 

group,, 32 COA lived with their  mother  (n = 18 having an alcoholic mother) 

andd 2 COA lived with their  father  (both of whom were alcoholic). Two 

COAA had left home and were living alone. The remaining 24 COA (40 %) 

livedd in complete family units. 

Comparisonss were made between the group of COA from families 

withh multigenerational alcoholism, including alcoholism in first and second 

degreee biological relatives (COA-multi-group) , and the group of COA with 

onlyy first  degree alcoholism (19), i.e. where alcoholism occurred only in 

firstfirst  degree biological relatives but not in second degree biological relatives 

(COA-uni-group). . 

Onn the basis of a physical examination, no COA exhibited definite 

foetall  alcohol effects, one COA had probable foetal alcohol effects, and 

threee had possible foetal alcohol effects (20). One girl refused the physical 

examination.. However, her  non-alcoholic mother  reported that she had not 

consumedd alcohol regularly during pregnancy. Twelve alcoholic mothers of 

177 COA reported that they had consumed alcohol during pregnancy (0.42 

standardd drinks/day  0.79, range 0.0-3.0). However, when the 4 COA with 

possiblee or  probable foetal alcohol effects were compared with the other 

COA,, no difference was found in the number  of standard drink s their 

motherss reported consuming during pregnancy. Therefore, the 4 COA 

remainedd in the study population. 
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Measures Measures 

Thee Composite International Diagnostic Interview (CIDI) (18) was used to 

assesss DSM-1I1-R diagnoses of alcoholism and psychiatric co-morbidity in 

thee alcoholic index parents. The family history section of the EuropASI 

(21),, validated in a Dutch alcoholic population (22) was used to assess 

alcoholismm in first and second degree family members of the CO A. 

Alcoholismm in the spouses was further assessed according to DSM-IÜ-R 

criteria.. The incidence of DSM-IÜ-R psychopathology in COA was 

investigatedd using a multiaxial approach to assessment. This was based on 

multiplee sources of information, and on a process of integrating information 

fromfrom the child, the parent, the teacher and the clinician (23). Al l instruments, 

butt the self-report substance-use questionnaire (24), were suitable for the 

agee range of our study population. Information was obtained from the 

childrenn using a Dutch adaptation (25) of the Semistructural Clinical 

Intervieww for Children and Adolescents (SCICA) (26). Information was 

obtainedd from the parents using the Diagnostic Interview Schedule for 

Children,, Parent version (DISC-P) (27), in addition to the Child Behaviour 

Checklistt (CBCL) (28, 29). CBCLs were drawn up for all 60 children. In 30 

COAA the CBCL was assessed purely on the basis of information from the 

alcoholicc parent. The Teacher's Report Form (TRF) (30) was used to collect 

informationn from the 88% of teachers who co-operated (n = 51 COA). No 

TRFF was available for 2 COA because they had left school. A self-report 

substance-usee questionnaire was used to assess current prevalence (use 

duringg the last four weeks) and lifetime prevalence of smoking, alcohol and 

drugg use in the COA aged 10 and above (n = 41), as well as the lifetime 
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prevalencee of drunkenness and gambling. Although confidentiality was 

assured,, three boys aged 11 to 14 refused to fil l out the substance-use 

questionnaire.. A senior child psychiatrist (WBG) recorded the clinical 

historyy and carried out a physical examination. At least two sources of 

informationn had to corroborate before a DSM-IU-R diagnosis in the COA 

wass assessed, sources were parents, teacher and clinical interview. 

Socio-economicc status (SES) was based on the parents' current 

employmentt status (31). Three levels of SES were used in the current study, 

thee highest level related to the highest degree of employment of the two 

parentss at the time of the study (32). 

Thee study was approved by the Medical Ethical Committee of the 

Academicc Medical Center in Amsterdam. Children aged 12 and above and 

parentss gave their written, informed consent. 

Statistics Statistics 

Inn order to test the potential effect of the SES of COA, age of COA, gender 

off  COA, gender of alcoholic index parent, presence of parental psychiatric 

co-morbidity,, number of alcoholic parents and family history of alcoholism 

onn the presence of any DSM-HI-R diagnosis in COA, a series of group 

comparisonss were performed using analysis of variance and student T-tests 

forr continuous data (SES; age) and exact statistics (X2) for categorical data. 

Inn case of significant differences between groups, separate analyses were 

performedd for internalising (affective and anxiety disorders) and 

externalisingg (ADHD, CD, ODD) disorders. Logistic regression was applied 

too control for confounding of the relationship between COA and parent 
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characteristicss and the presence of a DSM-HI-R diagnosis in COA by SES 

off  the index parent. Adjusted ORs are reported with a 95% CI. The 95% 

significancee level was chosen to prevent type II errors in this relatively 

smalll  explorative study. 

RESULTS S 

Thee prevalence of parentall  co-morbid DSM-HI-R psychopathology (mainly 

affectivee and anxiety disorders) in the COA was 78 % (n = 44), according to 

thee CIDI (Table 1). The presence of at least one DSM-III-R diagnosis in 

COAA was 50 % (mainly depression and anxiety disorders) (Table 2). 

Twenty-fourr COA (9 boys, 15 girls) had an internalising DSM-HI-R 

diagnosis,, and 7 COA (4 boys, 3 girls) had an externalising DSM-HI-R 

diagnosis.. For the COA with and without a DSM-HI-R diagnosis, the values 

off  SES and age, and the proportions of gender of the alcoholic index parent, 

psychiatricc co-morbidity in the alcoholic index parent, two alcoholic 

parents,, and multigenerational alcoholism are presented in table 3. 

Tablee 1 shows that SES of the parents was significantly related to 

thee presence of any DSM-HI-R diagnosis in COA (t = 2.33; p < 0.030) with 

moree DSM-HI-R diagnoses in the COA from parents with low SES. 

Tablee 1 also shows that the presence of a DMS-IH-R diagnosis in 

COAA was not related to age of COA, gender differences in COA or index 

parent,, multigenerational alcohol problems in the family or to psychiatric 

co-morbidityy in the index parent. 

Thee presence of a DSM-HI-R diagnosis in COA was significantly 

relatedd to the number of alcoholic parents with two alcoholics parents being 
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moree prevalent in those COA with compared to those without such a 

diagnosiss (X2 = 4.27; p < 0.040). However, this effect disappeared after 

controllingg for SES. 

Numberr of alcoholics parents was significantly associated with the 

presencee of externalising DSM-III-R disorder (X2 = 3.59; p < 0.010) but not 

withh internalising disorder in COA. Again, the significant effect disappeared 

afterr controlling for SES of the index parent. 

DSM-EQ-RR disorders were significantly more prevalent in the 

daughterss of alcoholic mothers than in other COA before controlling for 

SESS (X2 = 3.89; p < 0.050), but not after controlling for SES of the index 

parent.. However, significantly higher prevalence rates of internalising 

DSM-III-RR disorders were observed in the daughters of alcoholics mothers 

(X22 = 9.04; p < 0.001) and this relationship remained significant after 

controllingg for SES of the index parent (adjusted OR = 6.88; 95% CI = 4.85-

8.91). . 
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Tablee 1. DSM-IH-R diagnoses in alcoholic index parents 

Drugg dependence 
Organicc brain disorder 
Majorr depression 
Bipolarr disorder 
Dysthymia a 
Generalisedd anxiety disorder 
Panicc disorder with agoraphobia Agoraphobia without 
panicc disorder 
Sociall  phobia 
Simplee phobia 
Somatoformm pain disorder 
Bulimiaa nervosa 

Fathers s 
(nn = 26 
COA) ) 

1 1 
14 4 
4 4 
8 8 
4 4 
2 2 
10 0 
10 0 
5 5 

Mothers s 
(n-18 8 
COA) ) 
2 2 

16 6 

8 8 
6 6 
1 1 
11 1 
6 6 
9 9 
2 2 
5 5 

Tablee 2. DSM-III- R diagnoses in COA 

Cannabiss dependence 
Attentionn deficit hyperactivity disorder 
Oppositionall  conduct disorder 
Conductt disorder 
Majorr depression 
Dysthymia a 
Overanxiouss disorder 
Separationn anxiety disorder 
Generalisedd anxiety disorder 
Agoraphobiaa without panic disorder 
Sociall  phobia 
Simplee phobia 
Postt traumatic stress disorder 
Habitt disorder 
Bulimiaa nervosa 
Transientt tic disorder 
Enuresis s 

Boys s 
(n=14) ) 

4 4 

1 1 

1 1 
5 5 

1 1 
2 2 
3 3 

1 1 

1 1 
3 3 

Girls s 
(n=16) ) 
1 1 
3 3 
1 1 

1 1 
5 5 
2 2 
3 3 
2 2 

9 9 
1 1 

1 1 
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Tablee 3. Sample characteristics, parental and COA variables 
forr the presence of a DSM-III-R diagnosis in COA. 

SES** * 
(mean,, SD) 

AgeCOA A 
(mean,, SD) 

Genderr  COA 
(%%  girls, n) 

Genderr  alcoholic 
indexx parents 
(%%  mothers, n) 

Parental l 
psychiatricc co-
morbidit y y 
(%%  present, n) 

Numberr  alcoholic 
parents* * 
(%%  two, n) 

Familyy history 
(%%  multigen.) 

COAA DSM-III- R 
diagnosiss present 
(nn = 30) 
1.8,, 0.80 

11.3,3.6 6 

53%,, (n=16) 

50%,(n=15) ) 

700 %, (n = 21) 

300 %, (n = 9) 

77%,(nn = 23) 

COADSM-m-R R 
diagnosiss absent 
(nn - 30) 
2.3,, 0.64 

12.8,, 3.2 

477 %, (n = 14) 

300 %, (n = 9) 

77%,(nn = 23) 

100 %, (n = 3) 

53%,(n=16) ) 

Note:: * p < 0.050, **  p < 0.030 
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DISCUSSION N 

Thee present study shows that daughters of alcoholic mothers are at increased 

riskrisk of internalising psychopathology (i.e. depression and anxiety disorders) 

relativee to the other COA in the study. This finding applies to a group of 

COAA with a broad age range (7 to 18). It was obtained in a group of COA 

whichh has DSM-II1-R diagnoses that mainly relate to depression and 

anxiety,, and whose alcoholic parents mainly have a co-morbidity of 

depressionn and anxiety. In this sample, however, parental co-morbidity was 

foundd to have no influence on the incidence of DSM-HI-R psychopathology 

inn the COA. It can be concluded that any parental influence on 

psychopathologyy in the COA group studied may be largely explained by the 

effectt of maternal alcoholism on daughters, rather than by the effect of 

parentall  co-morbid psychopathology. This is in agreement with the results 

off  a familial aggregation study, that familial alcoholism was related to 

anxiety,, particularly in female relatives (6). 

Thee present finding is also in agreement with the report that in 

familiess with maternal alcoholism, daughters had higher internalising and 

depressionn CBCL scores than sons (9). 

Thee current findings do not appear to corroborate the study in high 

andd low risk children, aged 8-18, that found a cross-gender effect on 

affectivee disorders in COA, from alcoholic fathers to daughters, and from 

alcoholicc mothers to sons (8). However, the alcoholic parents from the 

previouss study (8) were screened to exclude psychiatric co-morbidity, 

whereass parents with psychiatric co-morbidity were not excluded from the 

currentt study. Although parental psychiatric co-morbidity did not have a 
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significantt  effect on the COA in the present study, it cannot be ruled out as a 

possiblee explanation for  the differences in reported gender-effects between 

thesee two studies. 

Unexpectedly,, COA with two alcoholic parents (rather  than just 

one)) and a multigenerational family history of alcoholism showed no 

associatedd increase in psychopathology, after  adjustment for  the effect of 

SES.. Our  failur e to find this expected association might be largely explained 

byy the reported heterogeneity in co-morbid psychopathology within 

alcoholicss and within COA samples (33, 34, 35), indicating that the possible 

associationn between the presence of psychopathology in COA and risk for 

thee development of alcohol and drug dependence is not clear  yet. The 

adjustmentss for  SES reported in our  results section were necessary because 

SESS differences were significantly present in the family history of 

alcoholism,, SES was lower  in multigenerational than unigenerational 

alcoholism,, as expected, SES was also lower  when two alcoholic parents 

weree present instead of one, and when mothers were alcoholic instead of 

fatherss (data not shown). 

Thee current study was subject to four  main limitations. Firstly , the 

numberr  of individuals (parents and their  children) included in the study was 

quitee small. The relatively small power  may also explain why expected 

relationshipss were not found, however  the study was able to detect a 

relationshipp between maternal alcoholism and increased internalising 

psychopathologyy in their  daughters. Secondly, the parents included in this 

studyy were not representative of all alcoholic parents. This study focused on 

parentss seeking help in mainly inpatient settings, a group with a high 
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incidencee of psychiatric co-moibidity. Of particular significance is the fact 

thatt the group of participating parents included more mothers than the group 

off  parents mat did not participate. This restricts the generalisibility of our 

findings.findings. Thirdly, in 30 COA, the CBCL was only assessed using the 

alcoholicc parent who was seeking help. This may have weakened the 

reportedd sensitivity and specificity. 

Inn conclusion, as was expected, the current study indicates that the 

daughterss of alcoholic mothers are at an increased risk of internalising 

psychopathology,, relative to other COA. Unexpectedly, no differences in 

psychopathologyy were found between COA with unigenerational family 

historiess of alcoholism and those with multigenerational histories. Also, in 

thee present study, neither having two alcoholic parents nor psychiatric co-

morbidityy in the alcoholic index parent produced increased psychopathology 

inn COA. 
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Platelett adenylyl cyclase activity as a biochemical trait 

markerr for predisposition to alcoholism* 

ABSTRACT T 

Previouss studies demonstrated a reduced Gs-protein stimulated adenylyl cyclase 

activityy in the brain and bloodcells of alcoholics. We investigated this phenomenon! 

inn platelets of children of alcoholics (COAs), i.e., of children at high risk for the 

acquisitionn of alcoholism and (as yet) not regularly consuming alcohol. Gs-protein 

mediatedd stimulation of adenylyl cyclase by 30 mM NaF and 50 iM forskolin 

stimulatedd adenylyl cyclase activity were assessed in platelet membranes of 23 

(malee and female) COAs and 20 control children. Gs-protein stimulated cAMP 

productionn by NaF, unlike that induced by direct stimulation of adenylyl cyclase 

withh forskolin, in platelet membranes of COAs was profoundly lower than in 

platelett membranes of control children. Moreover, such a reduced Gs-protein 

functioningg was only observed in platelet membranes of COAs with a 

multigenerationall  family history of alcoholism. A reduction of Gs-protein 

stimulatedd adenylyl cyclase activity in platelets may represent a sensitive and 

gender-independentt trait marker for predisposition to alcoholism, rather than a state 

markerr for alcoholism. 

"'Thiss chapter is published as: Ratsma, J. E., Gunning, W. B,, Leurs, R„  Schoffelmeer, A. N. 

M.. (1999) Platelet adenylyl cyclase activity as a biochemical marker for predisposition to 

alcoholism.. Alcoholism: Clinical and Experimental Research 23,600-604. 
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INTRODUCTIO N N 

Alcoholismm is a widely occurring psychiatric syndrome in our  Western 

societyy for  which as yet no clearly effective pharmacotherapy is available. 

Becausee a genetic contribution for  the development of alcoholism was found 

inn behavioral genetic studies,1,2 it may be possible to identify a biological 

diagnosticc trait marker  indicating enhanced vulnerabilit y to alcoholism. 

Suchh a trait marker  has to be genetically transmitted, co-segregated with 

alcoholismm in affectedd relatives, and particularl y more prevalent in 

individual ss at high risk than in the general population. Moreover, the marker 

mustt  be stable over  time, present during remission of alcoholism, and easily 

andd reliably detectable.3 In this respect, a variety of possible 

electrophysiologicall  and biochemical trait s have been evaluated.4 

Soo far, the most promising biochemical trait marker  seems to be a 

reducedd guanine nucleotide binding (Gs) protein stimulated adenylyl cyclase 

activityy in platelets and lymphocytes5" 8, as found in the brain of alcoholics.9 

Unfortunately,, a major  shortcoming of these studies is that the observed 

differencee in platelet adenylyl cyclase activity between the adult alcoholics 

andd controls may well be due to persistent changes in blood cells as a 

consequencee of high daily alcohol consumption. Before accepting platelet or 

lymphocytee adenylyl cyclase activity as a reliable trai t marker, it is crucial 

too show its altered activity in alcohol-naive persons with a high risk to 

developp alcoholism, such as children of families with multi-generational 

alcoholism.100 Devor  et aln, studying adenylyl cyclase activity in platelets, 

observedd that fluoride-stimulated activity of the enzyme displays a single 

majorr  locus effect, suggesting a possible Mendelian genetic transmission. 
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Therefore,, children of alcoholics (COAs) that do not regularly consume 

alcoholl  may represent an excellent population to investigate whether  or  not 

adenylyll  cyclase activity represents a trait marker  for  predisposition to 

alcoholismm rather  than a state marker  for  alcoholism. Therefore, we 

comparedd fluorid e and forskolin stimulated adenylyl cyclase activity in 

plateletss of CO As from families with multi-generational alcoholism, with 

thatt  of CO As from families with first degree alcoholism and control 

children. . 

METHOD S S 

ExperimentalExperimental Groups 

Thiss study included 43 children: 23 children of 17 parents (3 mothers, 14 

fathers)) treated for  alcoholism in addiction centers in the Amsterdam region 

andd a control group of 20 children of 20 parents. All children were 

Caucasian,, except for  two control children (1 Turkish child, 1 Black 

child).Thee age of the 23 children (9 boys, 14 girls) ranged from 8-18 years 

(meann age 12.5  0.7 years). The age of the 20 control children (7 boys, 13 

girls)) ranged from 6-17 years (mean age 12.0  0.8 years). There was no 

differencee between the two groups on a three points socio-economic status 

(SES)) score (mean score for  COAs, 2.2  0.2; control children, 2.2  0.2). 

Thee study was approved by the Medical Ethical Committee of the Academic 

Medicall  Center  (AMC) . Parents and children 12 years old and older  gave 

theirr  written, informed consent. 
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Alcoholismm in the 17 parents, comprised alcohol abuse (w = 1) and 

alcoholl  dependence (n = 16), as assessed using DSM-IÜ-R criteria with the 

Compositee International Diagnostic Interview (CIDI).12 An antisocial 

personalityy disorder was assessed in the parents of the COAs according to 

DSM-HI-RR criteria. In only one parent was an antisocial personality disorder 

presentt The COAs were screened for the presence of morphological 

anomaliess representing fetal alcohol effects.13 COAs with fetal alcohol 

effectss or probable fetal alcohol effects were not included in the study. 

Motherss of the COAs were asked how many standard drinks they consumed 

dailyy during their pregnancy: three mothers reported to drink zero to one 

standardd drink daily; one mother reported to drink one to two standard drink 

daily;; all the other mothers reported that they have not been drinking during 

theirr pregnancy. Of all 43 children, problem behavior, alcohol use, and 

frequencyfrequency of smoking in the last 4 weeks were assessed with the Child 

Behaviorr Checklist (CBCL)14 and a substance use questionnaire (NIAD list, 

Trimbosinstituutt Utrecht, The Netherlands). None of the children had to be 

excludedd because of regular alcohol consumption (i.e., more than two 

standardd drinks in one week during the last month) or drug abuse or 

dependence.. Alcoholism in first- and second- degree family members was 

assessedd by the Family History Section (FHS) of the EuropASI.15 We used 

thee criteria according to Dawson et al16 to make a comparison among the 

threee groups of children: (1) COAs from families with multi-generational 

alcoholism,, with alcoholism in first- and second-degree biological relatives 

(thee family-history postive, FHP-multi group), (2) COAs from families wit 

firstfirst degree alcoholism, with alcoholism in first- but not in second-degree 

biologicall  relatives (the FHP-first-degree group) and (3) control children 

withh neither-group alcoholism in parents nor in siblings. 
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Thee 20 control children were healthy outpatients: one group of 8 children 

visitedd the AMC pediatric outpatient department for  a medication check-up 

(66 children were stable using physiological supplements of thyrax and 2 

childrenn were stable on physiological supplements of cortisone), the other 

groupp of 12 children had otorhinolaryngological or  dental surgery. As 

expectedd no differences in outcome values of basal levels, forskolin or 

fluorid ee stimulated adenylate cyclase activity were found between these two 

subgroupss of controls. The age slightly differed (mean 13.0 vs. 10.5 years). 

Twelvee of the 23 CO As had a multi-generational family history of 

alcoholismm and 11 CO As had a first-degree family history of alcoholism. 

Medicationn for  allergic asthma was used by one FHP-multi COA 

(salmeterol,, salbutamol and beclometasone) and one FHP-first-degree COA 

(cromoglicicc acid); no other  medications were used by the CO As. In both 

groupss of CO As, but not in the control group, four  children suffered from 

allergicc asthma. No influence of allergic asthma was found on all outcome 

levels.. The age of the 12 FHP-multi COAs (5 boys, 7 girls) ranged from 8-

188 years (mean age 12.7  1.1 years). The age of the FHP-first-degree 

COAss (4 boys, 7 girls) ranged from 9-17 years (mean age 12.4  0.9 years). 

Thee SES score showed no difference between FHP-multi COAs and FHP-

first-degreee COAs in (mean score FHP-multi COAs, 2.2  0.2; FHP-first-

degreee COAs, 2.3  0.2). In the whole group of children (COAs + controls) 

andd in the COA group (FHP-multi + FHP-first-degree COAs), we assessed 

thee possible influence of age and sex, SES, storage time of frozen platelets, 

CBCLL  total problem T-score, frequency of alcohol use, and frequency of 

smokingg of the NIA D list on all outcome levels to find possible confounding 

effects. . 
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AdenytylAdenytyl Cyclase Assay 

Bloodd (14 ml) from all 43 children was taken by venipuncture and 

immediatelyy centrifuged (180 x g for 10 min. at 4°C).The plasma was 

centrifugedd at 132 x g for 10 min. at 4°C to form 2-3 ml platelet rich plasma 

(PRP):: 0.5 ml PRP was used to count the platelets. Platelets were 

subsequentlyy sedimented by centrifugation at 10,000 x g (10 min. at 4°C). 

Thee pellet was stored at -70°C. The pellets were thawed and resuspended to 

formm platelet membranes in 5 ml of 150 mM NaCl, 20 mM EDTA, and 50 

mMM Tris-HCl, pH 7.4, using a sonicator. The material was centrifuged at 

38,0000 x g for 10 min. at 4°C, and the resultant pellet was resuspended in 5 

mll  of 5 mM Tris-HCl and 5 mM EDTA, pH 7.4, using a hand homogenizes 

Thee suspension was centrifuged at 38,000 x g for 10 min. at 4°C, and the 

pellett was resuspended in 1 ml of 5 mM Tris-HCl and 1 mM EDTA, pH 7.4, 

usingg a hand homogenizer. This suspension of platelet membranes was used 

forr assays of adenylyl cyclase activity. 

Too determine adenylyl cyclase activity in the samples, the reactions were 

initiatedd by adding 50 }X\ of platelet membranes (protein concentrations 0.03-

0.433 mg/ml) in the reaction mixture (100 jul) and incubated for 10 min. at 

30°C,, without (basal activity) or with (stimulated activity) 50 /xM forskolin 

orr 30 mM NaF. The reaction mixture (100 /d) consisted of 50 mM Tris-HCl, 

100 mM MgCl2,0.5 mM ATP, 1 mM theophylline, 10 mM phosphocreatine 

andd 50 U/ml creatine kinase. To stop the reaction, the samples were kept at 

90°CC for 3 minutes. The total amount of cAMP (pmol/mg protein/min) 

producedd during the reaction was assessed using the protein binding method 

off  Norsted and Fredholm.,7 With this method, the amount of [3H]cAMP, 

boundd in competition with experimentally produced cAMP to protein kinase 
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A,, is determined by filtration. The radioactivity on the filters was determined 

byy liquid scintillation counting. In each sample, basal and stimulated cAMP 

productionn was determined in triplicate. 

Statistics Statistics 

Inn order to reduce variability (between assays), 2-3 COA and 2-3 control 

sampless were simultaneously determined in 8 separate experiments. The 

NaFF and forskolin stimulated cAMP production (in excess of basal cAMP 

production)) in the platelets of CO As was expressed as percentage of values 

obtainedd in the platelets of control children. 

Skewnesss and kurtosis values were assessed to ascertain whether these 

stimulatedd levels were normally distributed. With this normal distribution, 

statisticall  significance of the differences between the NaF stimulated cAMP 

formationn in COA and the control samples was assessed with the Student's t 

test t 

Additionally,, multiple regression analyses were used to study the 

influencee of the confounders age, sex, SES, storage freezing time of 

platelets,, CBCL total problem T-score, frequency of alcohol use score, and 

smokingg on NaF and forskolin stimulated cAMP levels. 

RESULTS S 

Fluoride-Fluoride- and Forskolin-Stimidated Adenylyl Cyclase 

Preliminaryy experiments revealed that fluoride and forskolin caused a 

concentration-dependentt increase in platelet cAMP production with a 

maximall  effect at 30 mM NaF and 50 fiM forskolin (data not shown). 

Therefore,, these drug concentrations were used in the present experiments. 

Controll  and COA samples (2-3 per experiment) were simultaneously run in 
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eachh experiment for  a reliable comparison of platelet adenylyl cyclase 

activity,, given between assays variabilit y in cAMP production. 

Thee basal cAMP production in platelets from control children (n = 20) 

amountedd to 0.29  0.06 pmol/mg protein/min and in platelets from COAs (n 

== 23) to 0.25  0.04 pmol/mg protein/min. In control samples 30 mM NaF 

andd 50 fiM  forskolin induced an approximately 6- and 34-fold increase in 

cAMPP production. The NaF- and forskolin-stimulated cAMP production, in 

excesss of basal cAMP production, amounted to 1.71  0.43 and 9.82 8 

pmol/mgg protein/min, respectively. As shown in Fig.1 NaF-stimulated 

cAMPP production in COA platelets (1.10  0.24 pmol/mg protein/min) was 

aboutt  30% lower  (t = 2.20, df= 41, p = 0.03) than that in control platelets. 

Plateletss obtained from FHP-multi COAs had a 50%  (t = 3.56, df= 2\,p = 

0.002)) lower  fluoride-stimulated cAMP production (0.82 8 pmol/mg 

protein/min)) than platelets from FHP-first-degree COAs (1.43  0.46 

pmol/mgg protein/min). Interestingly, fluoride-stimulated adenylyl cyclase 

activityy in platelets of the FHP-first-degree COAs was similar  to mat in 

plateletss of control children (Fig.1). Forskolin-stimulated cAMP production 

wass similar  in the two experimental groups, COAs (9.78  1.58 pmol/mg 

protein/min)) and controls (see above) (Fig.2). Forskolin-stimulated adenylyl 

cyclasee activity did not differ  between platelets of FHP-first-degree (9.96

3.288 pmol/mg protein/min) and FHP-multi COAs (9.63 1 pmol/mg 

protein/min)) (Fig.2). 
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Fig.. 1. NaF-stimulated cAMP production in platelets of CO As (n = 23), controls (n = 20), 

FHP-multii  CO As (« = 12) and FHP-first-degree CO As (M = 11) expressed as percentage of 

controlss (n = 20). *p < 0.05, **p  < 0.005. 
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Fig.2.. Forskolin-stimulated cAMP production in platelets of CO As (n = 23), controls (n = 20), 

FHP-multii  CO As (« = 12) and FHP-first-degree CO As (« = 11) expressed as percentage of 

controlss (« = 20). 
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PossiblePossible Confounding Factors 

Additionall  analysis of possible confounding effects in the whole group 

(COAss + controls) showed an effect of SES [F  (1,37) = 5.69, p = 0.022] on 

fluoride-stimulatedd cAMP production (children with a lower SES had a 

lowerr cAMP production).This was independent of, and additional to, the 

COA-controll  status and independent of FHP-multi or FHP-first-degree status 

off  the COAs. No differences existed in SES score between the four groups, 

ass was mentioned previously (see method section). The variables age, sex, 

storagee time of frozen platelets, CBCL total problem T-score, frequency of 

alcoholl  use, and frequency of smoking showed no relationship with fluoride 

stimulatedd adenylyl cyclase activity. In the COA group, we found no 

significantt effect of the confounding variables on the fluoride stimulated 

adenylyll  cyclase activity. Analysis of the confounding effects on forskolin 

stimulatedd cAMP production showed a significant effect of sex in the whole 

groupp [COAs + controls: F (1,37) = 8.70,/? = 0.0055] as well as in the COA 

groupp separately [F  (1,21) = 9.80, p = 0.0051]; girls having a lower cAMP 

productionn than boys. This sex effect did not depend on COA-control status 

orr family history of alcoholism. The other confounding variables had no 

effectt on the outcome variable of forskolin stimulated adenylyl cyclase 

activity. . 

DISCUSSION N 

Thiss study indicates that an enhanced vulnerability to alcoholism may be 

associatedd with a profoundly reduced Gs-protein stimulated adenylyl cyclase 

activityy in platelets, providing a sensitive biochemical trait marker for a 

predispositionpredisposition to alcoholism. 

85 5 



Itt is known that ethanol exposure causes an immediate stimulatory effect 

onn the ubiquitous membrane-bound enzyme adenylyl cyclase by activation 

off  Gs-proteins. Such an acute biochemical effect of ethanol is apparent both 

inn the central nervous system and in the periphery.6'1819 In discrete brain 

areass such as hippocampus and caudate nucleus as well as in the platelets, 

thee type VII adenylyl cyclase is abundant and showed to be particularly 

sensitivee to activation by ethanol.19'21 An opposite effect of ethanol on 

adenylyll  cyclase activity was observed after chronic ethanol exposure.6 

Studiess in cerebral cortex membranes of chronically ethanol-fed mice 

showedd that the reduction in adenylyl cyclase activity is not caused by 

changess in the catalytic unit of the enzyme.22 It appears more likely that the 

cellularr adaptive effect is caused by a reduction in gene expression of the a-

subunitt of Gs-protein, as demonstrated in ethanol exposed neuroblastoma 

cells.233 In agreement with this hypothesis, a reduction in the number of Gs-

proteinn was found in a post-mortem study of brains of alcoholics.9 

Soo far, there is no evidence that either the acute stimulatory effect of 

ethanoll  on adenylyl cyclase or the adaptive decrease in adenylyl cyclase 

activityy in the brain upon chronic ethanol exposure plays a role in the 

pathophysiologyy of alcohol addiction. Nevertheless, similar effects in 

plateletss could provide us with a simple trait marker for a predisposition to 

alcoholism.. Apparently, prior ethanol abuse may lead to a persistent 

reductionn in Gs-protein stimulated adenylyl cyclase activity in non-neuronal 

cellss such as platelets as demonstrated in the central nervous system.9 A 

reducedd Gs-protein functioning was reported in platelet membranes of 

alcoholics5,88 even after 90 days of ethanol abstinence.7 Although these 

findingsfindings are consistent with the hypothesis that platelet Gs-protein 

functioningg represents a trait marker for enhanced vulnerability to 
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alcoholism,, most studies performed thus far involved experiments on tissues 

obtainedd from alcoholics. Therefore, the observed reduction in cAMP 

formationn by platelet membranes of alcoholics could simply be due to a 

persistentt cellular effect of previous alcohol exposure. Therefore, it is crucial 

too test this hypothesis using platelet membranes of people that do not 

regularlyy consume ethanol. 

Becausee CO As are well known to be at high risk for future 

alcoholism,1016,244 these children constitute an excellent population to 

evaluatee the validity of the trait marker hypothesis. Considering the value of 

thiss experimental group, it is of interest that Devor et al11 provided evidence 

forr a possible Mendel ian genetic transmission of fluoride-induced (Gs-

proteinn mediated) adenylyl cyclase activation in platelets. Therefore, if this 

hypothesiss holds true, one would expect that the fluoride-stimulated cAMP 

productionn in platelets of CO As is considerably lower than that in platelets 

off  control children of non-alcoholic relatives. Indeed, we found such a lower 

fluoridee induced activation of adenylyl cyclase in platelet membranes of our 

malee and female COAs. In contrast, there was no difference in cAMP 

productionn induced by direct activation of adenylyl cyclase with forskolin 

betweenn platelet membranes of COAs and platelet membranes of control 

children,, indicating altered Gs-protein functioning. Moreover, whereas Saito 

ett al7 primarily observed reduced Gs-protein functioning in platelets of 

alcoholicss with an alcoholic first degree relative, we observed a 50% lower 

fluoride-stimulatedd adenylyl cyclase activity in platelets of FHP-multi COAs 

thann COAs with first-degree alcoholism. In view of our present results, we 

wil ll  perform a follow up study to assess the degree of correlation between 

fluoride-stimulatedd adenylyl cyclase in platelet membranes assessed in the 

presentt study and future alcohol abuse. 
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Inn conclusion, our data show that Gs-protein stimulated adenylyl cyclase 

activityy in platelet membranes of FHP-multi CO As is about 50% lower than 

thatt in platelet membranes of control children. Because (1) these young 

childrenn are well known to be at high risk to develop alcoholism in the near 

future,, (2) our COAs did not consume ethanol more frequently than control 

children,, and (3) these children had a similar reduction of Gs-protein-

stimulatedd adenylyl cyclase as previously shown in platelets of adult 

alcoholics7,, our study strongly suggests that reduced fluoride-stimulated 

adenylyll  cyclase activity in platelets represents a gender-independent trait 

markerr for predisposition to alcoholism, rather than a state marker for 

alcoholism. . 
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P33 event-related potential, dopamine D2 receptor Al 

allelee and sensation seeking in adult children of 

alcoholics* * 

ABSTRACT T 

Researchh has indicated a close relationship between die P3 event-related potential and the 

dopaminee D2 receptor Al allele in individuals at high risk for alcoholism. Other research has 

suggestedd an association between the dopamine D2 receptor Al allele and sensation seeking. 

Inn this study, we further examined the relationships between the P3, the Al allele, and 

sensationn seeking in a sample of nonalcoholic adult children of alcoholics. Participants (n = 

57;; range 19-30 years; 41 women), who performed a visual novelty oddball task to elicit the 

P3;; were asked to fill in personality questionnaires including Zuckerman's Sensation-Seeking 

Scale;; and were classified according to the presence of the dopamine D2 receptor Al allele. 

Thee effects of sex, age, and socioeconomic status were assessed to determine whether these 

variabless affected die relations between the P3, thee Al allele, and sensation seeking. A small 

P33 amplitude was associated with high sensation seeking, particularly with high disinhibition. 

Thee presence of the Al allele was also associated with high disinhibition, but only in men. By 

contrast,, P3 amplitudes and latencies were not associated with die presence of the A1 allele. 

Althoughh a small P3 amplitude, high sensation seeking and the presence of the A1 allele were 

alll associated with alcoholism risk, tfiese findings indicate that these three characteristics 

togetherr do not reflect a common risk factor in alcoholism. 

*Thiss chapter is published as: Ratsma, J. E., Van der Stelt, O., Schoffelmeer, A. N. M, 

Westerveld,, A., Gunning, W. B. (2001) P3 event-related potential, dopamine D2 receptor Al 

allelee and sensation seeking in adult children of alcoholics. Alcoholism.Climcal and 

ExperimentalExperimental Research 25,960-967. 
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INTRODUCTION N 

Overr the past two decades, evidence has accumulated indicating that the 

P3000 or P3 component of the human event-related potential (ERP) may 

providee a vulnerability or trait marker of alcoholism [for reviews, see 

Porjeszz et al. (1998) and Van der Stelt (1998,1999)]. Specifically, it has 

beenn found that the size or amplitude of the P3 (a) is smaller in alcoholics 

thann in nonalcoholic unrelated controls (Cohen et al., 1995; PfefTerbaum et 

al.,, 1991; Porjesz et al., 1998); (b) is associated with a family history of 

alcoholism,, rather than with the amount of alcohol abused, in alcoholics 

(Pattersonn et al., 1987; Pfefferbaum et al., 1991); (c) is smaller in 

nonalcoholicc individuals at high risk for alcoholism than in low risk controls 

(Begleiterr et al., 1984; Hill et al., 1995; Porjesz et al., 1998; Van der Stelt et 

al.,, 1998a,b); (d) is heritable (Begleiter et al., 1998; Hill et al., 1998; 

Katsaniss et al., 1997; Polich and Burns, 1987); and (e) is associated with 

alcoholismm within families densely affected with alcoholism (Porjesz et al., 

1998).. Taken together, these results strongly indicate that the P3 index a 

geneticc risk factor for the acquisition of alcoholism. 

Dopaminergicc neurotransmission may play an important role in alcohol 

andd drug abuse (Berridge and Robinson, 1998; Nestby et al., 1999; Noble, 

1996),, as well as in the generation of the P3. This was inferred from the 

sensitivityy of this ERP component to dopamine-enhancing drugs in patients 

withh Parkinson's disease (Stanzione et al., 1991). Moreover, an association 

hass been reported in children between a prolonged latency (Noble et al., 

1994)) and a small amplitude (Hill et al., 1998) of the P3 and the presence of 

thee Al allele, a restriction fragment length polymorphism of the dopamine 

D22 receptor gene (DRD2). However, a V3-DRD2 association was not found 

inn data from the Collaborative Study on the Genetics of Alcoholism 
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(Begleiterr et al., 1998). Concerning the structure of the receptor, a mutation 

off the dopamine D2 receptor has been shown to lead to changes in the 

specificityy of the coupling of the receptor to G-proteins (Guiramand et al., 

1995).. This mutation may be in linkage disequilibrium with the Al allele 

andd may contribute to decreased dopamine D2 receptor function. Thus, these 

resultss suggest that the link between low P3 amplitude and enhanced 

alcoholismm risk may be mediated by alterations in brain dopaminergic 

function. . 

Inn addition, dopaminergic neurotransmission may be involved in 

sensation-- and novelty-seeking behavior which, in turn, has been associated 

withh alcohol and drug abuse (Badiani et al., 1998; Bardo et al., 1996; 

Cloningerr et al., 1988; Hooks and Kalivas, 1995). For instance, high 

novelty-seekingg behavior in childhood has been found to predict the early 

onsett of alcohol abuse in young adulthood (Cloninger et al., 1988). 

Similarly,, genetic effects have been found to influence alcohol use in 

adolescentt twins, and these influences were suggested to be mediated by 

differencess in sensation seeking (Koopmans et al., 1994). It has also been 

reportedd that subjects carrying the Al allele may be more inclined to seek 

sensationn and novelty than subjects not carrying the Al allele (Noble et al., 

1998).. Similarly as for the P3, these findings suggest that the link between 

increasedd sensation-seeking characteristics and enhanced alcoholism risk 

couldd be mediated by genetically influenced variation in brain dopaminergic 

function. . 

Inn general, interindividual differences in personality characteristics seem 

too have only little effect on the P3 (Polich, 1991). However, the P3 does 

seemm to index the extremes of certain personality traits (Polich, 1991) and 

hass also been linked to psychopathological conditions characterized by 
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aggressionn and other disinhibited behaviors (Bauer and Hesselbrock, 1999; 

Brancheyy et al., 1988; Carlson et al., 1999). These data, in conjunction with 

thee results reviewed previously, indicate that the P3, DRD2 polymorphism, 

sensation-seekingg characteristics, and alcoholism risk are closely related. 

Thatt is, a small P3, the presence of the A1 allele, and high sensation seeking 

mayy reflect a common risk factor in alcoholism. To our knowledge, no study 

hass yet assessed the relations of these potential risk factors within one 

samplee of subjects. Therefore, in this study we examined the relations 

betweenn the P3, DRD2 polymorphism, and sensation-seeking in greater 

detaill in a sample of nonalcoholic young adult children of alcoholics 

(COAs). . 

METHODS S 

StudyStudy Population 

Participantss consisted of 61 adult (COAs). Forty subjects responded to 

advertisements,, 15 subjects were recruited from children of Alcoholics 

Anonymouss members, and 6 subjects entered the study as the relative of 

anotherr participant. Of the 61 adult COAs, four were excluded: one after 

technicall problems during electroencephalogram (EEG) registration, and 

threee for reasons of physical ill health. The study sample therefore 

comprisedd 57 people (41 women, 16 men) with a mean age of 24.4 1 

yearss (range 19.0 - 30.9 years). The participants came from 49 families with 

onee or both parents having an alcohol dependence or alcohol abuse, 

accordingg to DSM-IV and the Feighner Research Diagnostic Criteria 

(Feighnerr et al., 1972). To control for possible fetal alcohol effects in the 

participants,, maternal alcoholism was assessed, according to the same 

diagnosticc criteria. One woman and one man were non Caucasian. The 

participantss were physically healthy, did not currently use centrally acting 
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medication,, and had no history of a neurological disease. History of physical 

healthh was assessed with a health questionnaire, according to our studies in 

youngerr COAs (Ratsma et al., 1999; Van der Stelt et al., 1998a). 

AA face-to-face interview was held with each participant These 

interviewss focused on: (a) lifetime alcohol and drug use, as assessed by the 

Europeann Addiction Severity Index of Kokkevi and Hartgers (1995) and by 

thee Dutch Expectancy Questionnaire of Wiers et al. (1997), and 

psychopathologyy was assessed with the Symptom Checklist-90 (SCL-90) of 

Derogatiss (1977). In cases in which the participant reported having used at 

leastt five standard units of alcohol on one occasion, twice during the last 

month,, or having used alcohol at least 3 days per week for at least six 

months,, the alcohol subscale of the Composite International Diagnostic 

Intervieww (Robins et al., 1988) was used to assess possible alcohol 

dependencee or abuse. One person had experienced a past alcohol 

dependencyy but had been in remission for more than 5 years. Four others had 

abusedd alcohol, three of whom were in remission: two for 4 years, and one 

forr half a year. Excluding these five study subjects with alcohol-related 

problemss had no affect on the conclusions of our results, so they were 

retainedd in the study population. The study was approved by the Medical 

Ethicall Committee of the Academic Medical Center of the University of 

Amsterdam. . 

Genotyping Genotyping 

Thee Al allele was identified on the dopamine D2 receptor gene with Taql 

digestionn (Grandy et al., 1989). Samples of all 57 participants were 

genotypedd for the Taql A1/A2 allele by using standard restriction fragment 

lengthh polymorphism techniques (Grandy et al., 1989). Each participant 

95 5 



providedd 8 mouth swabs according to the protocol of the high-yield 

noninvasivee human genomic DNA isolation method (Meulenbelt et al., 

1995).. This yielded 16 jug DNA per individual. The primers 5014 and 971, 

synthesizedd by Eurogentec, were used to amplify a 310 bas pair (bp) 

fragmentt that spanned the polymorph Taql A site of the dopamine D2 

receptorr gene (Grandy et al., 1989). Amplification according to the protocol 

(Noblee et al., 1994) was carried out in 25-/d reactions with 50 ng DNA in a 

standardd reaction cocktail with 10 polymerase chain reaction buffer 

(Boehringer)) with 1.5 mM MgCl (pH 8.3) and 1 unit of Taq DNA 

polymerase.. The DNA was amplified in 36 cycles with an annealing step at 

55°CC for 2 minutes. The 25-/xl reaction sample was digested with 10 units of 

TaqlTaql restriction enzyme at 65°C for 1 hour. The obtained product was 

analyzedd by gel electrophoresis in a 2 % low melting point agarose gel 

containingg ethidium bromide. The fragments of 310, 180, and 130 bp were 

visualizedvisualized under ultraviolet light; the Al/Al genotype showed an uncleaved 

3100 bp fragment and the A2/A2 genotype showed two fragments of 180 and 

1300 bp (Fig. 1). A dichotomous group (Al or A2) variable was used for 

thesee data analyses. The Al group included 2 Al/Al genotypes and 30 Al/ 

A22 genotypes. The sample characteristics are given in Table 1. The Al (n = 

100 men, n = 22 women) and A2 (n = 6 men, n = 19 women) groups did not 

differr significantly with respect to sex. There were no significant differences 

betweenn either Al and A2 groups or men and women in terms of age, 

socioeconomicc status (SES), Standard Progressive Matrices test (Raven et 

al.,, 1992, 1993) or SCL-90 score. SES was assessed on a seven-step scale, 

accordingg to level of education; a higher score represents a higher level of 

education.. The general intellectual ability of each subject was estimated with 
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Standardd Progressive Matrices; a higher score indicates more intelligence. A 

higherr SCL-90 score represents more psychopathological symptoms. As 

expected,, a significant sex difference, but no group (Al or A2) difference, 

wass present in the number of standard drinks during the last month: [F(l,56) 

== 7.36, p< 0.010] 

11 2 3 4 P P N 

Figg 1. Al and A2 alleles separated in a 2% low melting point agarose gel by 

electrophoresis.. M, marker; lanes 1 and 2, A1/A2 heterozygotes; lanes 3 and 4, 

Al/All homozygotes; P, A2/A2 homozygotes; N, negative control. 

97 7 



Tablee 1. Sample Characteristics for Group (Al or A2) and Sex 

Variable e 

Age e 
(years) ) 
SES S 
(7-stepp scale) 
SPM M 
(5-stepp scale) 
Standardd drink s last 
ithh (raw score) 
SCL-90 0 
(totall  raw score) 

Group p 
Al l 

< < 

Malee Female Total 

Meann SD 

25.66 3.4 

4.99 1.3 

2.22 1.1 

45.673.4 4 

1422 47 

3roup p 
A2 2 

Total l 

Malee Female Total Male Female Total 

Meann SDMean SD Mean SD 

25.11 3.1 25J 3.1 

4.77 .9 4.7 1.0 

2.88 .9 2.6 1.0 

13.411.33 23.543.4 

1300 30 133 36 

21.00 1.5 

4343 .8 

2.22 1.0 

45.535.7 7 

1277 32 

Meann SDMean SDMean SD 

24.00 2.8 23J 2.8 23.9 3.6 

4.44 1.0 4.4 .9 4.7 1.1 

2.88 .9 2.6 1.0 2.2 1.0 

20.021.33 26.127.0 45.660.5 

1311 39 130 37 136 42 

Meann SDMean SD 

24.66 3.0 24.4 3.1 

4.66 .9 4.6 1.0 

2.88 .9 2.6 1.0 

16.516.88 24.636.8 

1300 34 132 36 

Groupp Al , Al/A l and A1/A2 genotypes; Group A2, A2/A2 genotypes; SPM, Standard Progressive 
Matricess test 

PersonalityPersonality Questionnaires 

Subjectss were asked to fill in personality questionnaires, including a Dutch 

translationn (Feij and Van Zuilen, 1984), of the Sensation-Seeking Scale 

(Zuckerman,, 1971) and the Five-Factor Personality Inventory (FFPI) (Hendriks 

ett al., 1999). The sensation-seeking score was represented by the total score 

dividedd by the number of items of the four subscales of the Sensation-Seeking 

Scale:: Disinhibition (12 items), Thrill and Adventure-Seeking (12 items), 

Experience-Seekingg (14 items), and Boredom Susceptibility (13 items). Data 

weree analyzed with the raw scores of these scales. 
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ExperimentalExperimental Paradigm 

AA visual novelty oddball task (Van der Stelt et al., 1998a) was used to elicit 

thee ERPs. In this task, subjects were exposed to three types of stimuli, 

referredd to as nontarget and target stimuli (counterbalanced letter "O" or 

"X"),, and novel stimuli (unique colorful abstract patterns). These stimuli 

weree randomly delivered on a monitor, for the duration of 100 ms at a fixed 

ratee of one per 1300 ms. The participants were instructed to press a button 

withh the right index finger in response only to the target stimuli. They were 

instructedd to respond as quickly as possible while maintaining a low error 

rate.. After one block of practice, including nontarget (88%) and target (12%) 

stimuli,, four blocks of experimental trials were presented, including 

nontargett (76%), target (12%), and novel (12%) stimuli. Subjects were not 

informedd mat the novel stimuli would be presented. By use of this paradigm, 

bothh the P3 elicited actively by the task-relevant, target stimuli and the P3 

elicitedd passively by the irrelevant, attention-capturing novel stimuli could 

bee assessed. Behavioral performance measures consisted of the speed of 

targett detection (reaction time), the number of targets missed (misses), and 

thee number of incorrect responses (false alarms). Only reaction times 

occurringg between 150 and 1000 ms after the onset of the target stimulus 

weree accepted as correct detections. 

ElectrophysiologicalElectrophysiological Recording 

Thee EEG was recorded at midline frontopolar (Fpz), frontal (Fz), central 

(Cz),, parietal (Pz), and occipital (Oz) scalp locations. The right mastoid 

servedd as reference, in accordance with prior studies (e.g. Courchesne et al., 

1975;; Van der Stelt et al., 1998a). Bipolar recordings of horizontal and 

verticall electro-oculograms were made with electrodes placed at the outer 
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canthii of both eyes and above and below the right eye, respectively. EEGs 

andd electro-oculograms were digitized at 200 Hz, amplified with a filter 

bandpasss of 0.16 to 40 Hz, and stored on a computer disk for off-line 

processingg and analysis. 

DataData Analysis of Personality Questionnaires 

AA multivariate analysis of covariance (MANCOVA) was performed on the 

totall sensation-seeking score and the four subscales of the Sensation-Seeking 

Scale.. Another MANCOVA was performed on the five factors of the FFPI, 

bothh MANCOVAs had group (Al or A2) and sex as between-subject factors. 

Becausee SES and age might be important moderating background variables, 

correlationss were assessed between these variables and the dependent 

variabless of the Sensation-Seeking Scale and the FFPI. When relations were 

significantlyy present, then these variables were used as covariates in the 

MANCOVAs.. Because sex was used as an independent variable in the 

MANCOVAs,, it was not entered as a covariate in bothh analyses. Follow-up 

testss were assessed by using Bonferroni-adjusted significance levels. 

Correlationss between the Sensation-Seeking Scale and the FFPI were 

assessed. . 

ElectrophysiologicalElectrophysiological Data Analysis 

Too assess the quality of the performance of the visual novelty oddball task, 

separatee ANOVAs, including group (Al or A2) and sex as between-subject 

factors,, were performed to analyze the behavioral data. Trials excluded from 

analysiss of the electrophysiological data consisted of trials with incorrect 

behaviorall responses (as defined previously), the first five trials of each 

block,, and trials in which the EEG exceeded 100/JV. Ocular artifact in the 
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EEGG was estimated and corrected for by regression analysis in the frequency 

domainn (Woestenburg et at, 1983). Subsequently, averaged stimulus-locked 

ERPss were computed at each scalp location separately for the nontarget, 

target,, and novel stimulus. The P3 amplitude was quantified by computing 

thee mean voltage over the 350 to 450 ms post-stimulus latency range1, by 

usingg 100 ms pre-stimulus samples as baseline. The P3 latency was assessed 

byy determining the latency of the largest voltage value within the 300 to 800 

mss post-stimulus latency range. Two types of analyses were then performed 

(seee also Van der Stelt et al., 1998a): an analysis of the scalp topographic 

profilee of the P3 amplitude across the five midline locations, and 

conventionall analyses of the P3 amplitude and latency at Pz, where P3 is 

typicallyy maximal. The first type of analysis involved a MANOVA, 

includingg group (Al or A2) and sex as between-subject factors, and stimulus 

typee (nontarget, target, novel) and scalp location (Fpz, Fz, Cz, Pz, Oz) as 

within-subjectt factors, to assess differences between group Al and A2, and 

betweenn men and women, in the scalp topographic profile of the P3 

amplitudess across the midline locations. The second type of analyses 

involvedd two MANOVAs, including group (Al or A2) and sex as between-

subjectt factors and stimulus type (nontarget, target, novel) as a within-

subjectt factor. Follow-up tests were assessed by using Bonferroni adjusted 

significancee levels. 

11 In addition to area measures for the estimation of the P3 amplitude, a base-to-peak 

amplitudee method was used; die peak was defined as the largest voltage value in the 

300-8000 ms post-stimulus latency range. Strong correlations were found between the 

areaa and peak measures of the P3 amplitude at Pz to target (r = 0.%) and novel (r = 

0.94)) stimuli. Accordingly, the base-to-peak amplitude method yielded essentially 

thee same results as the results based on area measures reported herein. 
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Correlationss were presented between the P3 and the sensation-seeking 

scale,, and also between the P3 and the FFPI, to investigate the specificity of 

thee investigated relation between the P3 and sensation-seeking. 

Whenn SES, age, or sex had a significant effect on the dependent P3 

variables,, then SES, age or sex were treated as covariates; however, they 

weree not entered in the MANOVA, but were entered in sequential multiple 

regressionn analyses that were performed on the P3, to report first the 

uncontrolledd findings of the MANOVAs and then to report how these 

findingsfindings were changed after controlling for confounders. The partial 

correlationss of the sequential regression analyses are reported Values are 

reportedd as mean  SD, unless stated otherwise. 

RESULTS S 

PersonalityPersonality Data 

Thee personality data are summarized in Table 2. Because SES had a 

significantt influence on the total sensation-seeking score (r = 0.31, p < 

0.030),, and on disinhibition (r = 0.35, p < 0.009), SES was entered as 

covariatee in the MANCO VA on the Sensation-Seeking Scale. 

Thee MANCOVA revealed a main effect of sex [F  (4,49) = 5.48, p < 

0.002];; however, there was also a two-way interaction of group (Al or A2) x 

sexx [F  (4,49)= 3.08, p < 0.025]. After adjustment for multiple tests, the two-

wayy interaction of group x sex was explained only by an effect on 

disinhibitionn [F  (1,56) = 7.95, p < 0.008]. The Al group had higher 

disinhibitionn scores than the A2 group, but only in men. 

Becausee SES had an effect on extraversion (FFPI1; r = -0.28, p < 0.040) 

andd age had an effect on Agreeableness (FFPI2; r = -0.29, p < 0.030) and 

Emotionall Stability (FFPI4; r = -0.43, p < 0.002), SES and age were entered 
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ass covariates in the MANCO VA on the FFPL The MANCOVA showed no 

significantt effects of group or sex. 

Withh regard to the Sensation-Seeking Scale and FFPI, significant 

correlationss were observed between Total Sensation-Seeking and Autonomy 

(FFPI5;; r = 031, p < 0.020), Thrill- and Adventure-Seeking and Emotional 

Stabilityy (FFPI4; r = 0.28,/? < 0.040), and Thrill- and Adventure-Seeking 

andd Autonomy (FFPI5; r = 0.31, p < 0.030). No other significant correlations 

weree found between the Sensation-Seeking Scale and the FFPI. 

Tablee 2. Personality Data for Group (Al or A2) and Sex 

Groupp Group Total 
All  A2 

Variabl ee Male Female Total Male Female Total Male Female Total 
Meann SD Mean SD Mean SD MeanSD Mean SD Mean SD Mean SD Mean SD Mean SD 

Disinhibitio nn 42.5 6.4 30J 5.1 34.07.9 32J 7.1 29.75.6 30J 5.9 38.7 8.2 30.05.2 32.47.3 
(raww score) 
Thril ll  and 37.311.0 42 J 6.8 40.78.4 39.89.8 37.99.9 38.49.8 38 J. 10.3 40.28.6 39.79.0 
Adventure e 
Seeking g 
(raww score) 
Experiencee 46.011.7 41JZ 5.9 42.78.3 40.56.3 39.96.5 40.06.3 43.910.2 40.66.1 41.57.5 
Seeking g 
(raww score) 
Boredomm 39.5 7.1 38.77.5 39.07.2 39.3 6.2 37.25.6 37.75.7 39.4 6.5 38.06.6 38.46.6 
Susceptibility y 
(raww score) 
Totall  13.1 1.6 12.01.2 12.31.4 11.81.6 11J 1.4 11.41.5 12.6 1.7 11.71.3 11.91.5 
Sensation n 
Seeking g 
(raww score) 
FFPI11 .0 .6 J 13 .51.2 3 .9 .71.1 .61.1 2 .8 .71.2 .61.1 
FFPI22 2.0 1.3 2.31.2 2.21.2 2.2 A 2.41.4 2.41.2 2.1 1.0 2.41.2 2.31.2 
FFPI33 -J .9 .61.1 .41.1 .6 .9 .61.1 .61.1 .1 1.0 .61.1 .41.1 
FFPI44 .7 1.3 21.3 .41.3 1.11.4 J 1.6 31.5 .9 1.3 J 1.4 .41.4 
FFPI55 1J 1.1 131.1 1.41.1 2.1 .7 .91.1 1.21.1 US 1.0 1.21.1 1.31.1 

FFPI1,, Extroversion; FFPI2 , Agreeableness; FFPI3, Conscientiousness; FFPI4, Emotional Stability; 
FFPI5,, Autonomy. 
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BehavioralBehavioral Performance Data 

Thee quality of the performance of the visual novelty oddball task was 

adequate;; only four targets were missed and there were only seven incorrect 

responses.. A significant difference was observed in reaction time between 

menn (302  52 ms) and women (336  49 ms), irrespective of group [F 

(1,56)) = 5.74, p < 0.030]. Age also correlated with reaction time (r = 0.55, p 

<<  0.001) and with the number of incorrect responses (r = -0.28, p < 0.040), 

irrespectivee of group and sex. The Sensation-Seeking Scale, the FFPI, and 

SESS did not influence the behavioral measures. 

ElectrophysiologicalElectrophysiological Data 

Forr each group, the grand mean ERPs elicited by nontarget, target, and novel 

stimulii at each of the five scalp locations are presented in Figure 2. The 

MANOVAA on the scalp topographic profile of the P3 amplitudes revealed 

thatt in each group, the infrequent target and novel stimuli elicited a larger 

amplitudee P3 than did the frequent nontarget stimuli [F  (2,54) = 168.54, p < 

0.001].. In addition, by using normalized P3 amplitude data, topographic 

differencess were found between the target P3 and novelty P3 across the 

midline;; the novelty P3 was more dominant on the frontal and central 

locations,, and less dominant occipitally, than the target P3 [stimulus type x 

location:: F (4,53) = 18.97, p < 0.001]. As may be seen in Figure 2, the Al 

andd A2 subjects manifested differences in die P3 amplitude at Oz. However, 

thesee group differences did not exceed the post-hoc adjusted significance 

level,, and these amplitude differences were also confounded by between-

groupp differences in age, which affected the P3 at Oz (r = -0.28, p < 0.040). 

Whenn the effect of this variable on the P3 amplitude at Oz was statistically 

controlled,, the Al and A2 differences did not approach the level of 
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significance.. The means of target and novelty P3 amplitude and latency at Pz 

aree presented for group and sex in Table 3. The MANOVA on the P3 at Pz 

revealedd no group (Al or A2) effect, however a main effect of sex was 

presentt on the target P3 amplitude at Pz [F  (1,56) = 6.88, p < 0.020], on the 

noveltyy P3 amplitude [F(1,56)= 5.04,p < 0.030], and on the novelty P3 

latencyy [F  (1,56)= 7.19, p < 0.020], but not on the target P3 latency. Thus, 

noo significant differences between the Al and A2 groups were observed in 

thee P3 latency, amplitude, and scalp topography. The target P3 amplitude at 

Pzz correlated significantly with SES (r = -0.32, p< 0.020) but not with age. 

Thee novelty P3 amplitude correlated both with SES (r = -0.31, p< 0.020) 

andd with age (r = -0.36, p < 0.007). Finally, a correlation was observed 

betweenn the novelty P3 latency and age (r = 0.32, p < 0.020). No significant 

correlationss were found between the target P3 latency and age or SES. 

Figg 2. Grand mean ERPs, superimposed for each of the groups (Al and A2), elicited 

byy nontarget (left), target (middle), and novel stimuli (right). 
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Tablee 3. P3 Amplitude and Latency for Group (Al or A2) and Sex 

Groupp Group Total 
A ll  A2 

Variablee Male Female Total Male Female Total Male Female Total 
MeanSDD Mean SD Mean SD MeanSD Mean SD MeanSD Mean SD Mean SD Mean SD 

Targett  P3 14.56.4 21J 6.2 19.26.9 18.58.8 22JS 7.2 21.57.6 16.07.4 21.96.6 202 7.3 
amplitude e 
(microvolt) ) 
Noveltyy P3 17.26.6 20.46.1 19.46.4 17.23.9 23.28.1 21.87.7 17.25.6 21.772 20.47.0 
amplitude e 
(microvolt) ) 
Targett  P3 373 31 367 26 369 28 344 24 364 29 359 28 362 31 366 27 365 28 
latency y 
(msec) ) 
Noveltyy P3 37140 380 23 377 29 339 32 377 26 368 31 359 39 378 24 373 30 
latency y 
(msec) ) 

RelationshipsRelationships Between the P3 and Personality Data 

AA correlation was found between the target P3 amplitude at Pz and sensation 

seekingg (r = -0.41, p < 0.003), particularly disinhibition (r = -0.53, p < 

0.001)) (Fig. 3). A main effect of sex was also present on the target P3 

amplitudee [F  (1,56)= 6.88,/? < 0.020] (Table 3). When the main effect of 

sexx was controlled, the correlation between target P3 amplitude and 

sensationn seeking remained significant \pr = -0.34, F (1,54) = 6.93, p < 

0.020],, and after controlling for SES, this relation remained significant \pr = 

-0.34,, F (1,54) = 7.24, p < 0.010]. Likewise, when sex was controlled, the 

correlationn between target P3 amplitude and disinhibition remained 

significantt \pr = -0.42, F (1,54) = 11.88, p < 0.005], and after controlling for 

SES,, this relation remained significant \pr = -0.45, F (1,54) = 15.51, p < 

0.001].Thee novelty P3 amplitude at Pz also correlated with sensation seeking 

(rr = -0.29, p < 0.050) and with disinhibition (r = -0.38,/? < 0.005). A main 

effectt of sex was present on the novelty P3 amplitude [F (1,56) = 5.10, /? < 

0.030]] (Table 3). After controlling the sex effect, the correlation between 
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noveltyy P3 amplitude and disinhibition remained significant \pr = -0.27, F 

(1,54)) = 4.34, p < 0.050], and after  controlling for  SES [pr = -0.30, F (1,54) 

== 5.38, p < 0.030] and age \pr = -0.35, F (1,54) = 7.40,/> < 0.010] this 

relationn remained significant. (Fig. 3). However, the correlation between 

noveltyy P3 amplitude and sensation seeking disappeared after  controlling the 

sexx effect. There were no other  significant correlations between the P3 and 

thee personality data (Table 4). 
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Rsqq = 0.28 

Disinhibitionn scores (raw scores) 

Rsqq =0.17 

Sensationn seeking scores (raw scores) 

Rsqq = 0.14 

Disinhibitionn scores (raw scores) 

Figg 3. Scatterplot and regression line with the R square (Rsq) in the lower right corner, 
presentingg the negative correlations between the target P3 amplitude and sensation seeking, 
thee target P3 amplitude and disinhibition, and the novelty P3 amplitude and disinhibition. 
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Tablee 4 Correlations between P3 Amplitudes, Latencies and Personality Data 

Totall  sensation seeking 

Disinhibitio n n 

Thril ll  and adventure 
seeking g 
Experiencee seeking 

Boredomm susceptibility 
Extroversion n 
(FFPI1) ) 
Agreeableness s 
(FFPI2) ) 
Conscientiousness s 
(FFPB) ) 
Emotionall  stability 
(FFPI4) ) 
Autonomy y 
(FFPI5) ) 

Targett  P3 
amplitude e 

-0.41** * 

-0.53** * 

-0.16 6 

-0.18 8 

-0.19 9 

0.02 2 

0.11 1 

0.07 7 

-0.03 3 

0.03 3 

Noveltyy P3 
amplitude e 

-0.29* * 

-0.38** * 

-0.06 6 

-0.20 0 

-0.13 3 

0.19 9 

0.08 8 

0.02 2 

0.20 0 

-0.06 6 

Targett  P3 
latency y 

-0.12 2 

-0.14 4 

-0.15 5 

-0.03 3 

-0.01 1 

-0.16 6 

-0.11 1 

-0.07 -0.07 

0.01 1 

-0.01 1 

Noveltyy P3 
latency y 

0.05 5 

-0.12 2 

-0.01 1 

0.11 1 

0.09 9 

-0.09 9 

-0.02 2 

-0.01 1 

-0.21 1 

-0.03 3 

** p< 0.050, **ƒ»< 0.005 

DISCUSSION N 

Thiss study found an association between a small P3 amplitude and high 

sensationn seeking, specifically high disinhibition. Moreover, an association 

seemedd to exist between the presence of the A1 allele and high disinhibited 

behavior,, but only in men. 

AA number of studies have indicated relationships between a low P3 

amplitudee and behavioral disinhibition [see the review by Begleiter and 

Porjeszz (1999)]. For instance, a significant inverse correlation has been 

reportedd in children between the P3 amplitude and externalizing problem 
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behaviorr (Van der Stelt et al., 1998a), indicating aggression and delinquency 

ass assessed by parental ratings. Data from the Minnesota Twin Family Study 

havee also shown that a lower P3 amplitude is associated with externalizing 

psychopathologyy and alcohol dependence in males aged 16 to 18 years 

(Carlsonn et al., 1999). In addition, a lower P3 amplitude was related to a 

disorderedd regulation of aggression in alcoholics (Branchey et al., 1988). 

Consistentt with these findings, these data show a relationship between a 

smalll P3 amplitude and high sensation-seeking behavior, particularly 

disinhibition.. Given the association between sensation seeking and 

alcoholismm risk (Bardo et al., 1996; Cloninger et al., 1988), these findings 

togetherr with prior findings indicate that the association between a low P3 

andd increased alcoholism risk can be partly explained by disinhibited 

behavior. . 

Thiss study did not reveal a significant association between the P3 and the 

All allele. An association has been described in children at high risk for 

alcoholismm between a prolonged latency (Noble et al., 1994) and a smaller 

amplitudee (Hill et al., 1998) of the P3 and the presence of the A1 allele. Our 

findingss do not seem to be consistent with these studies. This apparent 

discrepancyy may be due to the fact that the Al allele is not a functional 

mutationn and does not span a coding area on the dopamine D2 receptor gene 

(Gejmann et al., 1994), although a functional allelic variant in a regulatory 

region,, in linkage disequilibrium with the Al allele, may affect the receptor 

expressionn (Noble, 1996; Noble et al., 1991). Thus, differences in study 

resultss may be based on differences in subject samples concerning the level 

off linkage disequilibrium between the Al allele and a functional mutation in 

thee dopamine D2 receptor gene or in a regulatory region. Also, in contrast to 

thee studies of Noble et al. (1994) and Hill et al. (1998), our study included 
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moree women than men. Because the differences in P3 amplitudes between 

thee Al and A2 groups tended to be larger in men than in women (Table 3), 

thiss sex difference could explain the apparent discrepancy between this study 

andd previous studies. Our results, however, are consistent with the results of 

thee Collaborative Study on the Genetics of Alcoholism, in which no relation 

wass found between the P3 and the presence of the A1 allele in young adults 

(Begleiterr et al., 1998). 

Inn this study, no significant differences between target and novel stimuli 

weree noted in the P3 amplitude at Pz. In contrast, previous studies with a 

visuall novelty oddball paradigm have found that the target P3 is typically 

largerr at Pz than the novelty P3 (e.g. Courchesne et al., 1975; Van der Stelt 

ett al., 1998a). The reason for the difference between the current and prior 

findingss is not clear, but it could be the case that the novel stimuli, although 

nott the target stimuli, elicited a fairly large P3 at Pz in this sample of high-

riskk subjects. Indeed, significant differences between young CO As and low 

riskk controls have been noted in the amplitude at Pz of the target P3, but not 

inn that of the novelty P3 (Van der Stelt et al., 1998a). In this high risk 

sample,, the elicitation of a low, abnormal target P3 and a large, normal 

noveltyy P3 at Pz might have obscured the P3 amplitude differences typically 

observedd between target and novel stimuli at this scalp location. 

Nevertheless,, consistent with typical observations in novelty oddball 

paradigmss (e.g. Courchesne et al., 1975; Van der Stelt et al., 1998a), the 

analysess on the normalized P3 amplitude data in this study did reveal 

topographicc differences between the target P3 and novelty P3 across the 

midline. . 

Thiss study revealed an association between the presence of the Al allele 

andd disinhibited behavior, but only in men. The interaction between sex and 
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All on disinhibition was unexpected, because to our knowledge no previous 

studiess have reported such an interactions. Our study aimed to investigate 

thee relationship between the P3, the Al allele and sensation-seeking 

behavior.. Although we expected to find a relation between the P3 and 

sensationn seeking, this may be a false positive finding, because we 

performedd multiple tests to investigate the specificity of the reported 

relationship. . 

Inn conclusion, this study shows a relationship between a small P3 

amplitudee and high sensation-seeking behavior, particularly high 

disinhibitedd behavior, a relationship between the presence of the A1 allele 

andd high disinhibited behavior, but only in men. Although a small P3 

amplitude,, high sensation-seeking, and the presence of the A1 allele are all 

associatedd with alcoholism risk, our findings indicate that these three 

characteristicss do not together reflect a common risk factor in alcoholism. 
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Generall  discussion 

Introduction Introduction 

Alcoholismm is a multifactorial disease, with interactions of polygenic and 

environmentall influences (Goodwin et al., 1973; Cloninger, 1981; Goldman, 

1995).. The heritability of the genetic component of alcoholism risk has been 

estimatedd as ranging from 50-60 % (Heath et al., 1997). To gain knowledge 

aboutt what is inherited in alcoholism, it is useful to study trait markers, 

becausee trait markers for alcoholism are defined as: (1) themselves heritable: 

ass twin studies and adoption studies have assessed, variations in the trait 

markerr are largely based on genetic factors as opposed to environmental 

factors;; (2) more prevalent in alcoholics than in unrelated non-alcoholics; 

andd (3) state independent, not reflecting the current state of alcoholism but 

presentt during an individual's lifetime, as can be assessed in high risk 

subjectss such as children of alcoholics (COA) (Eskay & Linnoila, 1991; Hill 

ett al , 1991; Sher et al., 1991). In addition, to prevent false positive 

conclusionss based on population stratification, the marker should co-

segregatee with alcoholism within families, as can be shown by sib pair 

analyses,, or other genetic analyses of pedigree data (Begleiter & Porjesz, 

1988).. In the study of alcoholism, a trait marker is a pathophysiological 

markerr that increases knowledge about the aetiology of the clinical 

condition;; it does not necessarily have a high sensitivity and high specificity 

forr the clinical condition itself, as a diagnostic marker would (Begleiter & 

Porjesz,, 1988; Nurnberger, 1992). A risk factor is only associated with the 

clinicall condition. Further investigations are needed to address whether the 

riskrisk factor fulfils the criteria of a trait marker. In this thesis two populations 

weree studied in three chapters, apart from the review presented in chapter 
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one.. The first project presented in chapter two and three, aimed at studying 

youngg children of alcoholics. The second project presented in chapter four 

aimedd at studying non-alcoholic young adult children of alcoholics. This 

generall discussion provides an overview of both projects in relation to the 

outcomess of the review, aiming to present recommandations for further 

studies. . 

TheThe Relevance of Trait Markers and Risk Factors 

Inn the last decade, studies on trait markers for alcoholism have focused on 

behavioral,, psychophysiological, and neurochemical trait markers for 

alcoholismm (Begleiter & Porjesz, 1988; Farren & Tipton, 1999; Schuckitt, 

1999;; Van der Stelt, 1999; Tabakoffet al., 2001). In the present thesis, the 

possiblee biochemical trait marker adenylyl cyclase, the probable 

psychophysiologicall trait marker P3, and two risk factors for alcoholism 

weree studied The two risk factors were (1) a polymorphism of the dopamine 

D22 receptor gene, which may be related to a functional mutation of this 

receptorr and to severe alcoholism (Noble, 1996); and (2) increased 

sensation-seekingg behavior (Bardo et al., 1996; Cloninger et al., 1988). In 

thee present thesis these possible trait markers and both risk factors were 

studied,, in two projects: (1) in order to investigate the state independence of 

thiss trait marker, the presence of a reduced stimulated adenylyl cyclase 

activityy was assessed in platelets of COA; and (2) in order to investigate 

whetherr these three characteristics together represented one risk factor for 

alcoholism,, the relationship between the probable trait marker P3 and two 

riskrisk factors for alcoholism in ACOA was assessed. 

Inn the first project, the assessment of the state independence of 

adenylyll cyclase activity is in accordance with other studies that have 
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investigatedd the state independence of a possible trait marker in a population 

off high risk children for alcoholism (Schuckit et al., 1983; Schuckit & Gold, 

1988;; Stelt et a l , 1998; Twitchell et al., 1998). The previous studies on 

adenylyll cyclase activity focused either on the direct stimulation of the 

adenylyll cyclase or the indirect stimulation of adenylyl cyclase by the G-

proteinn activity (Tabakoff et al., 1988; Hoffman & Tabakoff, 1990; Devor et 

al.,, 1991; Saito et al., 1994; Parsian et al., 1996). To our knowledge no 

earlierr study has been made of both directly and indirectly stimulated 

adenylyll cyclase activity within one study of the children of alcoholics and 

controll children. 

Thee second project of the thesis investigates the P3, the presence of 

thee Al allele as a polymorphism of the dopamine D2 receptor gene, and 

sensationn seeking, to assess whether these three characteristics represent a 

singlee risk factor within a group of adult children of alcoholics. Risk factors 

forr alcoholism will be more frequently present in high-risk children than in 

controls,, and possible existing relations will be easier to find. Sensation-

seeking,, especially, is at its peak during young adulthood. This is why young 

non-alcoholicc adult children of alcoholics were studied. The aim of studying 

thee relations between the probable trait marker P3 and both risk factors as 

onee risk factor for alcoholism has not, to our knowledge, yet been raised in 

otherr studies. On the contrary, it has been investigated whether the P3 is 

strictlyy related to dopaminergic dysfunctions (Noble et al., 1994, Hill et al., 

1998). . 

Thee present thesis also aimed to describe the presence of (co-

morbid)) psychopathology in alcoholics and in their children. The presence of 

psychopathologyy can be seen as a nuisance variable that has to be controlled 

forr in CO As or excluded from the study population if present in alcoholic 
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parentss (Schuckitt, 1989; Hill et al., 1999). However, psychopathology has 

alsoo been used in other studies as a risk factor for alcoholism in later life 

(Reichh et al., 1993; Kuperman et al., 1999; Kushner et al., 1999). In the 

presentt thesis psychopathology was studied in both ways: (1) as a nuisance 

variable,, a covariate that one might have to control for, in the study on 

adenylyll cyclase activity in COA; and (2) as a possible risk factor for 

alcoholismm in later life, present in COA, studied in relation to parental 

alcoholism,, co-morbid psychopathology in the alcoholic parent, the number 

off alcoholic parents (one or two), gender, and a family history of alcoholism. 

Finally,Finally, another aim of the present thesis was to review studies of 

indicesindices of changes within five neurotransmitter systems that were 

hypothesizedd to be involved in alcoholism vulnerability in humans. They 

comprised:: GABA (Koob et al., 1986; Frye &  Breese, 1982), serotonin 

(Cloninger,, 1987; Linnoila et al., 1983), dopamine (Gessa et al., 1985; 

Imperatoo & Di Chiara, 1986; Wise & Bozarth, 1987), norepinephrine 

(Cloninger,, 1994), and p-endorphin (Blum, 1983; Reid et al., 1984; Hubbel 

ett al., 1986). This was done to report whether these changes fulfilled the 

criteriaa of a trait marker, and whether they related to the presence of a 

vulnerabilityvulnerability to develop alcoholism within humans, or whether these 

changess can only be understood as state dependent changes, present after the 

usee of alcohol that itself influences the activity within neurotransmitter 

systemss (Nestler, 1999; Saito & TabakofF, 1985). A review on possible 

neurochemicall trait markers has recently been performed (Farren & Tipton, 

1999).. However, to gain knowledge about what trait marker criteria might be 

necessaryy to investigate in further studies, the present review not only 

reportss the studies of possible neurochemical trait markers in alcoholics but 
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consequentlyy reports the studies made of COA and the studies made of 

heritabilityy aspects. 

MethodsMethods and Subjects 

Alcoholicss who voluntarily seek help more frequently exhibit 

psychopathology,, and suffer more severe alcoholism, than do alcoholics who 

doo not seek help (Helzer & Pryzbeck, 1988; Treu et al., 1996). It may be 

assumedd that alcoholic parents without psychopathology, or parents with 

externalisingg psychopathology, might seek help less often than do parents 

withh internalizing psychopathology such as anxiety or depression. Among 

thee 39 alcoholic parents who were included in the present thesis, 78% had at 

leastt one co-morbid DSM-IÜ-R disorder, mainly mood and anxiety 

disorders.. Among the COA, 50% had at least one DSM-IU-R disorder, 

mainlyy depression and anxiety disorders. As our aim was to describe the 

influencee exerted by parental psychiatric co-morbidity, the number of 

alcoholicc parents (one or two), gender and a family history of alcoholism on 

psychopathologyy in COA, the substantial presence of psychopathology in 

ourr subjects was fortunate. Although the results of this study cannot be 

generalizedd to all children of alcoholics, they may nevertheless assist 

professionalss working in addiction centers to better understand the risk for 

psychopathologyy in the children of their alcoholic clients seeking help. 

Koott et al. (1999) has shown that low SES is an important risk factor 

forr the development of psychopathology in Dutch children. The presence of 

psychopathologyy in children from families with low SES, and the 

developmentt of alcoholism in later life might be one risk factor; by 

excludingg subjects with low SES from the study population, it may thereby 

bee deprived of high risk subjects, and the investigated relationship in COA, 
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forr example, between externalising psychopathology and a family history of 

alcoholismm might not be found (Schuckit, et al., 2000). The influence of SES 

wass therefore carefully assessed in the present thesis, and in COA it was 

foundd that low SES was of influence on the presence of DSM-HI-R 

psychopathology.. SES was therefore used as an important covariable in the 

presentt study (Chapter 2). 

Results Results 

Thee result of the first project of a lower stimulated adenylyl cyclase activity 

shownn in COA than in controls was expected. Importantly, this result was 

basedd on a reduction in fluoride-stimulated G-protein activity, and not by 

directt stimulation of adenylyl cyclase by forskolin. Remarkably, a fluoride-

stimulatedd reduced activity of almost 50 % in multigenerational COA as 

comparedd to unigenerational COA, equaling control values, corroborates the 

studyy of Devor et al. (1991). They reported a Mendelian major gene effect 

withh multifactorial background of the reduced fluoride-stimulated G-protein 

activityy in alcoholism. Saito et al. (1994) also reported lower G-protein 

activityy in alcoholics with a positive family history of alcoholism than in 

alcoholicss without alcoholism in their families. The present results were 

gender-independentt and also in agreement with Lex et al. (1993), reporting a 

lowerr adenylyl cyclase activity in family history-positive non-alcoholic 

women,, relative to family history-negative non-alcoholic women. Finally, 

thee present results corroborated the findings of the WHO/ISBRA 

Collaborativee study which reported a large effect of fluoride stimulation and 

aa smaller effect of forskolin stimulation of adenylyl cyclase activity in 

alcoholicss relative to controls (Menninger et al., 2000). The amount of Gs-

proteinn expression has a marked impact on the level of activity of adenylyl 
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cyclasee (Yang et al., 1997). High risk subjects had higher levels of Gs-

proteinn expression than did low risk subjects in erythrocyte membranes 

(Wandd et al., 1994). The question arises which tissues with changed Gs-

proteinn expression, especially changes within neurotransmitter systems, may 

bee related to vulnerability for alcoholism. 

Thee results of the second project showed that the three 

characteristicss did not together represent a common risk factor. The relation 

betweenn increased sensation-seeking behavior and a lower P3 amplitude was 

expected,, and corroborates with other studies indicating that increased 

externalisingg behavior is a possible moderator between a low P3 amplitude 

andd the development of alcoholism (Branchey et al., 1988; Bauer & 

Hesselbrock,, 1999; Carlson et al., 1999; Van der Stelt et al., 1998). 

Thee finding of increased internalizing psychopathology in the 

daughterss of alcoholic mothers has been reported in another study 

(Christensenn & Bilenberg, 2000). However, a cross-gender effect has also 

beenn reported, of increased psychopathology in the daughters of alcoholic 

fatherss (Hill et al., 1999). The exclusion of subjects with co-morbid 

psychopathologyy in the latter study may explain the differences between the 

studies,, as our study and that of Christensen and Bilenberg (2000) did not 

excludee parents with co-morbid psychopathology, which influences 

psychopathologyy in the child, from the sample. Although it was expected to 

findd increased internalizing psychopathology in the COA population based 

onn the inclusion criteria of the parents, the gender effect of alcoholic 

problemss in mothers on internalizing psychopathology in their daughters 

cannott be explained by the inclusion criteria of the study. 

Reviewingg the changes in five neurotransmitter systems, it was 

foundd that an increased serotonin transporter activity may be a trait marker 
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forr alcoholism. Serotonin dysfunction has been related to alcoholism, and 

mostt consistently to impulsive aggression (Cloninger, 1987; Linnoila et al., 

1983).. Although our review reports increased serotonin transporter activity 

ass a possible trait marker for alcoholism, it might also be the case that 

behaviorall dysregulation is more closely related to serotonergic dysfunction 

thann to alcoholism risk, as Twitchell et al. (1998) has reported that 

behaviorall dysregulation in COAs was more closely connected to 

serotonergicc function than to paternal alcoholism. By the same token, 

althoughh a low P3 might be more closely connected to increased 

externalizingg behavior than to alcoholism, externalizing behavior might itself 

increasee alcoholism risk. 

CurrentCurrent Issues 

Earlierr studies have held that primary alcoholism, anxiety and depression, 

andd to the same extent primary alcoholism and antisocial personality 

disorder,, were separate disorders that congregated in different families 

(Schuckit,, 1973; Cloninger et al., 1983), and that secondary alcoholism 

mightt develop after a depression or an antisocial personality disorder had 

occurredd (Schuckit, 1989). More recently it has been shown that the family 

factorss underlying depression and alcohol abuse are substantially 

intercorrelated,, and that the family factors underlying antisocial behavior 

andd depression are significantly intercorrelated in a pedigree analysis 

(Stallingss et al., 1997). In a prospective longitudinal study (Kushner et al., 

1999),, alcohol dependence and anxiety disorders also show a reciprocal 

causall relationship over time. It may be concluded that the risk for 

alcoholismm appears not to be based on a separate pathophysiological process, 

ass could be understood by the term 'primary' as opposed to 'secondary' 
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alcoholism,, but that co-morbid disorders in alcoholism, such as alcohol 

dependencee and anxiety, may have a single pathophysiological process in 

common. . 

Recommendations Recommendations 

Thee present findings have indicated that a risk factor such as sensation-

seekingg behavior and the probable trait marker P3 are related (Chapter 4). 

Otherr studies have shown that the P3 may be a trait marker for alcoholism 

(Porjeszz et al , 1998;Van der Stelt et al., 1998; Van der Stelt, 1999). The 

extremess of externalising behavioral dysfunction may be an important 

moderatorr between a low P3 and the development of alcoholism (Chapter 4). 

Thee aggressive behavior syndrome scored by the CBCL had heritabilities 

rangingg from 0.52 to 0.94 (Achenbach, 1999) and had a long-term stability 

(Stangerr et al., 1997). This syndrome score may be a valid and reliable 

variablee to measure externalizing behavioral dysfunction, because it may 

fulfill the criteria for a trait marker for alcoholism. 

Riskk factors may signify developing alcoholism, and the use of 

multiplee tests on risk for alcoholism in an individual may allow 

discriminationn between a high risk and a low risk individual (Schuckit & 

Gold,, 1988; Reich et al., 1993). In order to report whether the trait markers 

signifyy the risk of alcoholism in later life, and to report whether they add up 

differentlyy between high risk and low risk children, it is recommended to 

investigateinvestigate the presence of several trait markers within young children at risk 

off developing alcoholism in later life. This study will not directly benefit the 

includedd children, in the sense that it will not deliver a diagnostic test. The 

studyy will, however, reveal some part of the pathophysiological mechanism 

off alcoholism. 
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Inn the present thesis, reduced stimulated adenylyl cyclase activity 

wass present in CO A as a trait marker (Chapter 3). This effect in adenylyl 

cyclasee may be masked in alcoholics by the use of alcohol (Menninger et al., 

1998),, to the extent that it was argued that this masking effect in alcoholics 

mayy be present with the reported increased serotonin transporter activity in 

COAA (Chapter 1). It may be useful to study the change of the stimulated 

adenylyll cyclase activity during the development of alcoholism within an 

individual,, and to report whether a masking effect of alcohol is present. This 

maskingg effect may explain how unexpected changes of trait marker activity 

withinn alcoholics may occur. 

Itt is recommended that in a future study, externalizing behavioral 

dysfunction,, together with possible separate trait markers such as decreased 

stimulatedd adenylyl cyclase and the P3, are assessed in a follow-up design 

whichh includes high risk children and controls, assessing the development of 

alcoholismm as the outcome variable. This study would have three aims: (1) to 

discoverr whether the same relations are found between trait markers and 

externalizingg behavioral dysfunction in both groups or whether different 

relationss are found, since this will help us to understand more about the 

possiblee moderating effects of externalizing aggressive behavior on the risk 

forr alcoholism; (2) to study whether the two trait markers and externalizing 

behaviorall dysfunction may be of significance during the development of 

alcoholism;; and (3) to illuminate how trait markers may be masked over 

timee by the use of alcohol after alcoholism has developed. 
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Summary y 

Bothh an individual's genes and their environment are involved in the 

developmentt of alcoholism. Furthermore, the roles of these two factors 

interact.. The pathophysiology of alcoholism deals with inherited 

pathophysiologicc abnormalities that may cause an individual to become an 

alcoholic.. When taking this approach, one has to take into account both an 

individual'ss genes and their environment. The present thesis represents an 

attemptt to increase our understanding of the pathophysiology behind the 

developmentt of alcoholism. Trait markers or vulnerability markers were 

studied,, because these are the characteristics of an individual that represent a 

geneticc risk of alcoholism. This biological vulnerability to alcoholism may 

evenn be present in young children. Thus trait markers are present in an 

individuall long before a disorder, an illness or symptoms have developed. 

Thee biological vulnerability for alcoholism was investigated in this thesis in 

fourr chapters: (1) a review on three trait marker criteria for alcoholism of 

changess within five neurotransmitters systems; (2) a study on the presence of 

psychopathology,, a risk factor for alcoholism, in young children of 

alcoholicss (COA); (3) a study on the state independence of a lower 

stimulatedd adenylyl cyclase activity in platelets from children of alcoholics; 

andd (4) a study on the relationships of three characteristics of increased risk 

forr alcoholism, a lower P3 amplitude, the presence of the A1 allele of the 

dopaminee D2 receptor gene and increased sensation seeking behavior in a 

studyy of young adult children of alcoholics. 
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ChapterChapter one 

Thee first chapter addresses three trait marker criteria of indices of changes 

withinn five neurotransmitter systems. Animal studies have shown that 

alcoholl produces reinforcing effects, by acting on several neurotransmitter 

systems,, and activating the reward system of the brain. Potential trait 

markerss for alcoholism of neurochemical origin have been studied in 

alcoholicss and children of alcoholics. Indices of changes in five 

neurotransmitterr systems, GABA, serotonin, dopamine, norepinephrine and 

p-endorphinn have been implicated to play an important role in alcoholism, 

andd have been reviewed as trait markers for alcoholism according to three 

criteria:: (1) to be present in alcoholics as compared to unrelated non 

alcoholics;; (2) to be present in COA; and (3) to be heritable. Baseline, 

challengee studies and post-mortem studies are reported. 

Itt can be argumented from the GABA challenge studies that the 

measurementt of decreased responsiveness in GABA neurotransmission 

fulfilss two criteria for a trait marker, it is present in alcoholics and in COA. 

Furtherr studies on the heritability are needed. The measurement of decreases 

withinn the baseline GABA neurotransmission fulfils two criteria, it is 

heritablee and present in alcoholics and must be further studied in children of 

alcoholicss to assess the state independence of the decreases. The studies on 

serotoninn activity have shown that an increase in serotonin transporter 

activity,, fulfils all three reviewed criteria, but may possibly be masked by 

thee recently use of alcohol, that leads to a decrease of the serotonin 

transporterr activity in active and shortly abstinent alcoholics. This may 

possiblyy also holds true for the presence of a decreased postsynaptic 

serotoninn receptor response in alcoholics versus an increased response in 

COA,, using challenge studies, indicating that these decreases fulfil at least 
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onee criterium. The challenge and baseline studies of dopamine activity in 

alcoholicss have shown contradictory results, however indices of decreased 

receptorr reactivity were found in long-term abstinent alcoholics fulfilling 

onee criterium. Studies in the norepinephrine system, showed measurements 

off decreases of norepinephrine baseline levels, and decreases of postsynaptic 

aa22 adrenergic receptor reactivity in alcoholics. The baseline and challenge 

studies,, both fulfil one criterium, to be present in alcoholics. More studies, 

onn the presence of these decreases in COA and on the heritability, are 

needed.. The decreased baseline level of p-endorphin in alcoholics and COA, 

fulfillingg two criteria, with an increased p-endorphin response to alcohol and 

naloxonee in alcoholics and COA, are findings that might be consistent with 

thee opioid deficiency hypothesis. The finding that inter-individual 

differencess in challenged p-endorphin levels are heritable suggests the 

possibilityy that increased responsiveness of the p-endorphin system may be a 

traitt marker for alcoholism, as it seems to fulfil all three investigated criteria. 

Inn conclusion, two possible neurochemical markers fulfilled the 

threee investigated criteria for a trait marker, to be heritable, to be present in 

alcoholicss and to be present in COA: (a) measurements of an increased basal 

activityy of the serotonin transporter; and (b) measurements of increased 

responsivenesss of the pituitary p-endorphin system after challenges. 

Regardingg the neurochemical vulnerability for alcoholism, arguments are 

presentedd to underline the necessity of studying trait marker properties in 

individualss at risk for alcoholism. 
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ChapterChapter two 

Inn the second chapter, the psychopathology was described that was present 

inn the children of parents seeking treatment for their alcoholism. In addition, 

itt was investigated whether gender, parental psychiatric co-morbidity, 

numberr of alcoholic parents, and family history of alcoholism, were related 

too psychopathology in the children of treatment seeking alcoholics (COA). 

Parentall alcoholism is associated with both externalising psychopathology 

(conductt disorder, oppositional disorder, attention-deficit hyperactivity 

disorder,, alcohol and substance abuse) and internalising psychopathology 

(majorr depressive episodes, several anxiety disorders) in their offspring. The 

naturee and the extend of these relationships seems to be dependent on the 

genderr of the alcoholic parent, the gender of the COA, the presence of co-

morbidd psychopathology in the alcoholic parent, the number of alcoholic 

parentss and the existence of a multigenerational family history of 

alcoholism.Thee question arises whether psychopathology in children at risk 

off alcoholism is related to a positive family history of alcoholism (defined as 

thee presence of a multigenerational rather than an unigenerational family 

historyy of alcoholism) or whether it is related to other parental effects 

(relatedd to the number of alcoholic parents, their gender, and any parental 

psychiatricc co-morbidity). Because low socio-economic status (SES) in 

parentss is a well known risk factor for the presence of psychopathology in 

theirr offspring, the influence of SES on psychopathology in COA was also 

assessed. . 

Thee study had two aims. One is to describe any psychopathology 

presentt in male and female COA (using DSM-III-R diagnostic criteria) 

whosee parents are seeking treatment for alcoholism. The other objective is to 

determinee whether gender, parental psychiatric co-morbidity, the number of 
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alcoholicc parents and a positive family history of alcoholism are related to 

DSM-IÜ-RR psychopathology in COA. The sample consisted of 60 COA (28 

boys,, 32 girls) aged 7 to 18, from 39 families. These families included 39 

alcoholicc index parents (16 mothers, 23 fathers) under treatment for their 

alcoholism,, of whom 9 had spouses who were also alcoholics (1 mother, 8 

fathers).. DSM-IÜ-R diagnoses were assessed in COA and in index parents. 

Amongg the 39 alcoholic index parents, 78% had at least one co-morbid 

DSM-IÜ-RR disorder, mainly affective and anxiety disorders. Among the 

COA,, 50% had at least one DSM-ID-R disorder mainly depression and 

anxietyy disorders. Depression and anxiety disorders were over-represented in 

thee daughters of alcoholic mothers, who had an increased risk to have 

depressionn and anxiety disorders than other COA. 

Inn conclusion, as expected, the gender of the alcoholic parent exerted 

ann influence on the psychopathology of COA. This, however only occurred 

inn the daughters of alcoholic mothers. They were seven times more likely to 

havee depression and anxiety disorders than other COA.Unexpectedly, 

parentall psychiatric co-morbidity, the number of alcoholic parents, and 

familyy history status did not predict psychopathology in COA. 

ChapterChapter three 

Inn the third chapter, the presence of a lower stimulated adenylyl cyclase 

activityy was: (1) compared between COA and control children; and (2) 

relatedd to the presence of a multigenerational family history of alcoholism in 

childrenn of alcoholics. 

Thee most promising biochemical trait marker seems to be a reduced guanine 

nucleotidee binding (Gs) protein stimulated adenylyl cyclase activity in 

plateletss and lymphocytes in alcoholics. Unfortunately, a major shortcoming 
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off these studies is that the observed difference in platelet adenylyl cyclase 

activityy between the adult alcoholics and controls may well be due to 

persistentt changes in blood cells as a consequence of high daily alcohol 

consumption.. Before accepting platelet or lymphocyte adenylyl cyclase 

activityy as a reliable trait marker, it is crucial to show its altered activity in 

alcohol-naivee persons with a high risk to develop alcoholism, such as 

childrenn of families with multi-generational alcoholism. We investigated this 

phenomenomm in platelets of children of alcoholics (CO As), i.e. of children at 

highh risk for the acquisition of alcoholism and (as yet) not regularly 

consumingg alcohol. 

Inn platelet membranes of 23 (male and female) COAs and 20 control 

childrenn were assessed: (1) Gs-protein mediated stimulation of adenylyl 

cyclasee by 30 mM NaF; and (2) 50 zM forskolin stimulated adenylyl cyclase 

activity.. Gs-protein stimulated cAMP production by NaF, unlike that induced 

byy direct stimulation of adenylyl cyclase with forskolin, in platelet 

membraness of COAs was profoundly lower than in platelet membranes of 

controll children. Moreover, such a reduced Gs-protein functioning was only 

observedd in platelet membranes of COAs with a multigenerational family 

historyy of alcoholism. This result was not confounded by the 

psychopathologyy reported in this group of COAs in the second issue of this 

thesis. . 

Inn conclusion, a reduction of Gs-protein stimulated adenylyl cyclase 

activityy in platelets may represent a sensitive and gender-independent trait 

markerr for predisposition to alcoholism, rather than a state marker for 

alcoholism m 
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ChapterChapter four 

Inn the fourth chapter, the relationship was investigated between the P3, the 

All allele of the dopamine D2 receptor gene and sensation seeking behavior. 

Overr the past two decades, evidence has accumulated indicating that the 

P3000 or P3 component of the human event-related potential (ERP) may 

providee a vulnerability or trait marker of alcoholism, the P3 index a genetic 

riskrisk factor in alcoholism. Dopaminergic neurotransmission may also play an 

importantt role in alcohol and drug abuse. Research has indicated a close 

relationshipp between the P3 event-related potential and the dopamine D2 

receptorr Al allele in individuals at high risk for alcoholism. An association 

wass reported in children between a prolonged latency and a small amplitude 

off the P3 and the presence of the A1 allele, a restriction fragment length 

polymorphismm of the dopamine D2 receptor gene (DRD2); however, this a 

P3-DRD2P3-DRD2 association was not found in data from the Collaborative Study on 

thee Genetics of Alcoholism (COGA), though. In addition, dopaminergic 

neurotransmissionn may be involved in sensation and novelty seeking 

behaviorr which, in turn, has been associated with alcohol and drug abuse. 

Participants,, nonalcoholic adult children of alcoholics (n = 57; range 

19-300 years; 41 females) performed a visual novelty oddball task to elicit the 

P3,, were asked to fill in personality questionnaires including Zuckerman's 

sensationn seeking scale, and were classified according to the presence of the 

dopaminee D2 receptor Al allele. The relations between the P3, the Al allele, 

andd sensation seeking were assessed. The effects of gender, age and 

socioeconomicc status (SES) were assessed to determine whether these 

variabless affected the relations between the P3, the Al allele, and sensation 

seeking.. A small P3 amplitude was associated with high sensation seeking, 

particularlyy with high disinhibition. Disinhibition was associated with the 

139 9 



presencee of the Al allele, but only in men. By contrast, P3 amplitudes and 

latenciess were not associated with the presence of the A1 allele. 

Inn conclusion, although a small P3 amplitude, high sensation seeking 

andd the presence of the A1 allele are all associated with alcoholism risk, the 

presentt findings indicate that these characteristics do not reflect a common 

riskk factor in alcoholism. 

GeneralGeneral discussion 

Itt is recommended that in a future study, externalizing behavioral 

dysfunction,, together with possible separate trait markers such as decreased 

stimulatedd adenylyl cyclase and the P3, are assessed in a follow-up design 

whichh includes high risk children and controls, assessing the development of 

alcoholismm as the outcome variable. This study would have three aims: (1) to 

discoverr whether the same relations are found between trait markers and 

externalizingg behavioral dysfunction in both groups or whether different 

relationss are found, since this will help us to understand more about the 

possiblee moderating effects of externalizing aggressive behavior on the risk 

forr alcoholism; (2) to study whether the two trait markers and externalizing 

behaviorall dysfunction may be of significance during the development of 

alcoholism;; and (3) to illuminate how trait markers may be masked over 

timee by the use of alcohol after alcoholism has developed. 
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Samenvatting g 
Alcoholismee is een multifactoriële ziekte met genetische en 

omgevingsinvloedenn die met elkaar interfereren en samen de etiologie 

bepalen.. Individuele kwetsbaarheid voor het ontwikkelen van alcoholisme 

speeltt een rol naast de verslavende werking van alcohol, het middel op zich. 

Bijj de pathofysiologie van alcoholisme heeft men te maken met erfelijke 

ziekte-bevorderendee factoren van een persoon, die een persoon kwetsbaar 

makenn voor het ontstaan van alcoholisme, waarbij dus omgevingsfactoren 

niett vergeten dienen te worden. In dit proefschrift wordt getracht meer te 

begrijpenn van de pathofysiologie van alcoholisme. In dit kader is het 

onderzoekk naar trait markers belangrijk, aangezien trait markers 

karakteristiekenn zijn die een genetisch risico voor alcoholisme omvatten. Het 

onderzoekk naar trait markers geeft informatie over de erfelijke 

kwetsbaarheidd voor alcoholisme. Dit genetische risico zou al bij jonge 

kinderenn aanwezig en aantoonbaar kunnen zijn, voordat de ziekte of 

symptomenn van de ziekte zich hebben aangediend. 

Hett proefschrift omvat vier studies ingedeeld in vier hoofdstukken. Het 

eerstee hoofdstuk is een review over de trait marker criteria voor alcoholisme 

binnenn vijf neurotransmitter systemen. Het tweede hoofdstuk betreft een 

onderzoekk naar de aanwezigheid van psychopathologie, gerelateerde aan 

oudervariabelen,, bij kinderen van alcoholisten. Het derde hoofdstuk betreft 

eenn onderzoek naar een trait marker kenmerk van een verlaagde 

gestimuleerdee adenylyl cyclase activiteit in bloedplaatjes, namelijk de 

aanwezigheidd van deze verlaagde activiteit bij kinderen van alcoholisten. 

Hett vierde hoofdstuk tenslotte, betreft een onderzoek naar de relaties tussen 

driee karakteristieken van een verhoogd risico voor alcoholisme, een 
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verlaagdee P3 amplitude, de aanwezigheid van het Al allel van het dopamine 

D22 receptor gen en toegenomen sensatie zoekend gedrag. Deze relaties zijn 

onderzochtt in een groep niet-alcoholistische jong volwassen kinderen van 

alcoholisten. . 

HoofdstukHoofdstuk een 

Hett eerste hoofdstuk betreft een review op basis van een literatuuronderzoek 

naarr drie trait marker criteria van gevonden indices van veranderingen 

binnenn vijf neurotransmitter systemen in relatie tot kwetsbaarheid voor 

alcoholisme.. Dierexperimenteel onderzoek heeft aangetoond dat alcohol een 

sterkee bekrachtigende werking heeft, door op verschillende neurotransmitter 

systemenn te werken en zo het beloningssysteem van de hersenen te 

activeren.. Potentiële kwetsbaarheidsfactoren, trait markers voor alcoholisme 

vann neurochemische origine zijn al bestudeerd bij alcoholisten en kinderen 

vann alcoholisten. Indices van veranderingen binnen vijf neurotransmitter 

systemen,, betreffende GABA, serotonine, dopamine, norepinephrine en 

beta-endorphine,, worden beoogd een belangrijke rol in de kwetsbaarheid 

voorr het ontstaan van alcoholisme te spelen en zijn daarom in dit hoofdstuk 

verwerkk tot een review. Het doel is te onderzoeken in hoeverre de 

bestudeerdee veranderingen voldoen aan drie criteria, die de validiteit van de 

markerr betreffen, om een trait marker te kunnen vaststellen, nl.: 1) dat een 

traitt marker vaker aanwezig moet zijn bij alcoholisten dan bij niet 

alcoholisten;; 2) dat de trait marker aanwezig moet zijn bij jonge kinderen 

vann alcoholisten om aan te tonen dat de marker geen tijdelijk effect is na 

alcoholl gebruik; en 3) dat de trait marker erfelijk moet zijn. 

Err zijn in dit hoofdstuk baseline studies, provocatie studies, 

metingenn na alcohol inname en ook post-mortem studies opgenomen, die 
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zijnn verricht bij alcoholisten en bij kinderen van alcoholisten. In het kort 

volgenn hier de bevindingen. 

Dee GABA provocatie studies tonen aan dat indices van een 

verlaagdee responsiviteit binnen de GABA neurotransmissie mogelijk aan 

tweee criteria voldoet, het is gevonden bij alcoholisten en bij kinderen van 

alcoholisten.. De verlaagde baseline GABA spiegels voldoet aan twee 

criteria,, de erfelijkheid is aangetoond, en het is aangetoond bij alcoholisten. 

Dee baseline studies naar serotonine neurotransmissie tonen aan dat 

indicess van een verhoogde activiteit van de serotonine transporter 

waarschijnlijkk aan de drie onderzochte trait marker criteria voldoet, maar dat 

ditt mogelijkerwijs gemaskeerd is in nog drinkende of kortdurend abstinente 

alcoholisten.. Het recente gebruik van alcohol kan namelijk hebben geleid tot 

eenn verlaagde serotonine transporter activiteit. Een maskerende effect van 

alcoholl gebruik kan ook een rol hebben gespeeld bij de verlaagde 

postsynaptischee serotonine receptor respons bij de provocatie studies bij 

alcoholistenn versus de verhoogde receptor respons bij kinderen van 

alcoholisten.alcoholisten. Hiermee wordt, wat betreft de verlaagde dan wel de verhoogde 

receptorr respons, maar aan een criterium voldaan, ofwel het is aanwezig bij 

alcoholisten,, danwei bij kinderen van alcoholisten. 

Dee resultaten van de baseline en provocatie studies betreffende de 

dopaminergee neurotransmissie zijn tegenstrijdig, een verlaagde receptor 

responss bij provocatie studies bij langdurig abstinente alcoholisten zou aan 

eenn criterium kunnen voldoen. 

Baselinee en provocatie studies van de norepinefrine neurotransmissie 

tonenn beide indices van verlagingen van de activiteit aan in alcoholisten en 

voldoenn daarbij aan een criterium. 
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Dee metingen van verlaagde baseline activiteit van beta-endorphine 

voldoenn aan twee criteria, ze zijn gevonden bij alcoholisten en bij kinderen 

vann alcoholisten. Indices van verhoogde beta-endorphine respons in 

provocatiee studies voldoen aan de drie onderzochte criteria. Ze zijn aanwezig 

bijj alcoholisten en kinderen van alcoholisten en inter-individuele verschillen 

zijnn grotendeels erfelijk bepaald. 

Tenslottee kan voorzichtig de conclusie worden getrokken dat 

mogelijkk twee neurochemische trait markers aan de drie onderzochte criteria 

voldoen:: 1) metingen van een verhoogde baseline activiteit van de 

serotoninee transporter; en 2) metingen van een verhoogde respons van het 

beta-endorphinee systeem bij provocatie tests. 

HoofdstukHoofdstuk twee 

Inn het tweede hoofdstuk is de psychopathologie beschreven die is gevonden 

bijj kinderen van ouders die in de verslavingszorg hulp hebben gezocht voor 

hunn alcoholisme. Tevens is in dit hoofdstuk onderzocht of 

geslachtsverschillen,, psychiatrische co-morbiditeit bij de ouders, het aantal 

ouderss met alcoholisme (een of twee) en de familiegeschiedenis van 

alcoholismee samenhangen met de aanwezigheid van psychopathologie bij de 

kinderen.. Eerder onderzoek heeft aangetoond dat alcoholisme bij ouders is 

geassocieerdd met externaliserende psychopathologie bij het kind, zoals 

gedragstoornissen,, aandachtstekortstoornis met hyperactiviteit (ADHD), 

alcoholl en middelen misbruik. Tevens heeft eerder onderzoek een associatie 

aangetoondd tussen ouderlijk alcoholisme en internaliserende 

psychopathologiee bij het kind, zoals depressiviteit en angststoornissen. De 

vraagg is of de aanwezigheid van psychopathologie bij kinderen, die zelf een 

verhoogdd risico op het ontstaan van alcoholisme hebben, samenhangt met 
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dee bovengenoemde oudervariabelen. Aangezien een lage Sociaal 

Economischee Status (SES) een belangrijke risicofactor is voor 

psychopathologiee in het kind, werd de invloed van SES ook meebepaald. 

Dee studie populatie bestaat uit 60 kinderen van alcoholistische 

ouderss (28 jongens, 32 meisjes) van 7 tot 18 jaar oud, afkomstig van 39 

families.. In de families zijn 39 ouders (16 moeders en 23 vaders) die hulp 

hebbenn gezocht voor hun alcoholprobleem. Daarnaast zijn er in 9 families 

tweee ouders die een alcoholprobleem hebben (1 moeder en 8 vaders). Er 

wordenn DSM-IH-R vastgesteld bij de kinderen en bij de ouders die hulp 

hebbenn gezocht voor alcoholisme. Van de 39 hulpzoekende ouders heeft 

78%% tenminste een co-morbide DSM-HI-R diagnose, voornamelijk 

affectievee en angststoornissen. Van de kinderen van deze alcoholistische 

ouderss heeft tenminste 50% een DSM-ÜI-R diagnose, voornamelijk 

depressiviteitt en angststoornissen. Deze internaliserende stoornissen zijn 

significantt vaker aanwezig bij dochters van moeders met een alcohol 

probleem,, zij hebben een zeven keer toegenomen kans op angst en 

depressiviteitt vergeleken met de andere kinderen van alcoholistische ouders. 

Concluderend,, in deze populatie is de sekse van de alcoholistische 

ouderr van invloed op de aanwezigheid van psychopathologie bij de kinderen, 

echterr dit effect deed zich alleen voor bij dochters van moeders met een 

drankprobleem.. Tegen de verwachting in werd geen invloed gezien van de 

aanwezigheidd van psychiatrische co-morbiditeit bij de alcoholistische ouder, 

vann het aantal ouders met een drankprobleem of van een multigenerationele 

familiegeschiedeniss van alcoholisme op de aanwezigheid van DSM-ÜI-R 

psychopathologiee bij de kinderen. 
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HoofdstukHoofdstuk drie 

Hett derde hoofdstuk betreft een onderzoek naar een trait marker kenmerk 

vann een verlaagde gestimuleerde adenylyl cyclase activiteit in bloedplaatjes, 

namelijkk de aanwezigheid van deze verlaagde activiteit bij jonge kinderen 

vann alcoholisten en het daarbij ontbreken van een state-effect van dit 

kenmerk.. De gestimuleerde adenylyl cyclase activiteit is in bloedplaatjes 

vastgesteldd bij kinderen van alcoholisten en vergeleken met controle 

kinderen.. Tevens is de activiteit bij kinderen van alcoholisten met een 

multigenerationelee familiegeschiedenis vergeleken met kinderen met een 

unigenerationelee familiegeschiedenis van alcoholisme. 

Eenn belangrijke biochemische trait marker is de G-eiwit 

gestimuleerdee adenylyl cyclase activiteit in bloedplaatjes en lymfocyten van 

alcoholisten.. Helaas is een belangrijk tekortkoming in deze studies met 

alcoholisten,, dat de verschillen in adenylyl cyclase activiteit in bloedplaatjes 

tussenn alcoholisten en controles evengoed gebaseerd kunnen zijn op 

veranderingenn die in bloedplaatjes plaatsvinden na het drinken van alcohol 

gedurendee langere tijd. Voordat een verlaging in de gestimuleerde adenylyl 

cyclasee activiteit in bloedplaatjes of lymfocyten gekenmerkt kan worden als 

eenn trait marker, is het van belang de verlaagde activiteit aan te tonen bij 

jongee kinderen van alcoholisten, die nog niet regelmatig alcohol hebben 

gebruikt,, maar wel een verhoogd risico hebben om zelf alcoholisme te 

ontwikkelen.. Om die reden is in bloedplaatjes van 23 (mannelijke en 

vrouwelijke)) kinderen van alcoholisten en 20 controle kinderen de activiteit 

vann adenylyl cyclase gemeten via Gs-eiwit gemedieerde stimulatie met NaF 

enn tevens via directe stimulatie van adenylyl cyclase aciviteit met forskoline. 

Dee via het Gs-eiwit gestimuleerde adenylyl cyclase activiteit blijkt lager te 

zijnn bij kinderen van alcoholisten dan bij controle kinderen. Deze verlaagde 
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activiteitt is zelfs uitsluitende te vinden bij kinderen met een 

multigenerationelee familie geschiedenis van alcoholisme, en niet bij 

kinderenn met een unigenerationele familiegeschiedenis. Er kan worden 

geconcludeerdd dat de verlaagde G,-eiwit gemedieerde adenylyl cyclase 

activiteitt in bloedplaatjes een trait marker voor alcoholisme representeert en 

niett een state-marker. 

HoofdstukHoofdstuk vier 

Inn het vierde hoofdstuk zijn de associaties onderzocht tussen de P3, het Al 

allell van het dopamine D2 receptorgen en sensatie zoekend gedrag. De 

laatstee twintig jaar is er een sterke wetenschappelijke basis gevonden om de 

P33 component van de event-related potential (een hersengolf in het EEG) te 

kunnenn definiëren als een trait marker voor alcoholisme. Dopaminerge 

neurotransmissiee zou ook een belangrijke rol kunnen spelen in alcohol en 

middelenn misbruik. Twee studies hebben een relatie aangetoond tussen een 

verlaagdee P3 amplitude, dan wel een verlengde latentietijd van de P3 en de 

aanwezigheidd van het Al allel bij kinderen van alcoholisten. Echter een 

dergelijkee associatie is niet aangetoond in de Collaborative Study on the 

Geneticss of Alcoholism (COGA). Tenslotte zou dopaminerge 

neurotransmissiee van toegenomen belang kunnen zijn bij sensatie zoekend 

gedrag,, wat op zichzelf geassocieerd is met alcohol en middelen misbruik. 

Deelnemerss aan de studie zijn niet-alcoholistische jong volwassen 

kinderenn van alcoholisten (n= 57, leeftijdsrange 19-30 jaar, 41 vrouwen). De 

P33 is opgeroepen met een visuele discriminatie taak, de sensatie behoefte is 

gemetenn met de Sensation Seeking Scale van Zuckerman en de deelnemers 

zijnn geclassificeerd naar het al dan niet aanwezige Al allel. De invloed is 

gemetenn van geslachtsverschillen, verschillen in leeftijd en sociaal 
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economischee status op de onderzochte relaties tussen de P3, het Al allel en 

sensatiee zoekend gedrag. De studie heeft aangetoond dat een verkleinde P3 

amplitudee samenhing met toegenomen sensatiezoekend gedrag en vooral 

mett gedisinhibeerd gedrag. Gedisinhibeerd gedrag blijkt te zijn geassocieerd 

mett de aanwezigheid van het Al allel, echter dit is alleen bij mannen 

gevonden.. Tegen verwachting zijn er geen relaties gevonden tussen de P3 

amplitudess en latentie's en de aanwezigheid van het Al allel. 

Tott slot, ondanks de afzonderlijke associaties van de P3, het sensatie 

zoekendee gedrag en het Al allel met het ontstaan van alcoholisme, 

onderbouwtt deze studie dat deze drie kenmerken samen geen 

gemeenschappelijkee risicofactor voor alcoholisme vormen. 

AlgemeneAlgemene discussie 

Naarr aanleiding van de resultaten van dit promotie onderzoek, wordt in de 

algemenee discussie mogelijk vervolgonderzoek besproken, waarmee drie 

doelenn zijn beoogd. Het vervolgonderzoek zou gericht zijn op het ontstaan 

vann alcoholisme als uitkomstvariabele in een follow-up studie met twee 

studiee populatie's, kinderen van alcoholisten en controle kinderen. De 

aanwezigheidd van externaliserend gedrag en van twee mogelijke trait 

markers,, een verlaagde P3 en een verlaagde gestimuleerde adenylyl cyclase 

activiteitt in bloedplaatjes, wordt gemeten in relatie tot het ontstaan van 

alcoholisme.. De drie doelen van het onderzoek zijn als volgt, ten eerste kan 

wordenn onderzocht of in de twee groepen even sterke relatie's tussen 

externall iserend gedrag en de twee mogelijke trait markers wordt gevonden. 

Indienn dit zo is, geeft dit het belang weer van externaliserend gedrag als 

moderatorr voor het risico op alcoholisme. Ten tweede, kan worden 

onderzochtt of de twee mogelijke trait markers en externaliserend gedrag 
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daadwerkelijkk  de ontwikkeling van alcoholisme kunnen voorspellen. 

Tenslotte,, kan informati e worden ingewonnen hoe en op welk moment de 

activiteitt  van trai t markers eventueel verandert onder  invloed van 

alcoholgebruik. . 
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