
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Biological vulnerability to alcoholism in children of alcoholics

Ratsma, J.E.

Publication date
2001

Link to publication

Citation for published version (APA):
Ratsma, J. E. (2001). Biological vulnerability to alcoholism in children of alcoholics. [,
Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/biological-vulnerability-to-alcoholism-in-children-of-alcoholics(6666d3ca-3a7e-4b0e-8aad-9ec1e6fd488e).html


3 3 

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. 

79 9 



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. 
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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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