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ABSTRACT. An impairment in serotonergic neurotransmission may be associated with alcoholism. We re- 
cently identified a high-a~nity serotonin transporter (S-HTTJ in human peripheral blood lymphocytes (PBLs). 
Moreover, molecular analysis of RNA samples of human lymphocytes using reverse transcription, coupled with 
polymerase chain reaction, enabled us to confirm the expression of a 5-HTT identical to the one reported in 
neuronal tissues, as evidenced by hybridization and sequence analysis. In this investigation, we measured the 
serotonin (5HT) uptake in PBLs of recovering alcoholics (N = 10) with long-term abstinence (2-10 years) and 
non-alcoholic controls (N = 10). 5-HT uptake was measured by incubating 1 x IO7 ceils of PBLs with [3H]5-HT 
(3-1000 nM; sp. act. 23 Ci/mmol) for 10 min at 37”. The results of this preliminary study revealed that abstinent 
alcoholics had significantly (P < 0.01) increased uptake of 5-HT (43.6 * 5.70 pmol/107 cells) as compared with 
controls (23.33 rf 2.50 pmol/LO’ cells). A n enhanced uptake of 5-I-IT in PBLs of abstinent alcoholics agrees with 
previously reported observations of increased 5-HT uptake in brain and platelets of former alcoholics and 
their descendants. This suggested that a serotonergic mechanism may be linked to the heredity of alcohol- 
ism. Copyright 0 1996 Elsevier Science Inc., BICCHEM PHARMACOL 53;1:53-57, 1997. 
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Studies in recent years have demonstrated that an impair- 
ment in 5-HTcll central neurotransmission may be involved 
in alcohol drinking behavior [l-3]. Reduced levels of 5-HT, 
as well as its metabolite, 5-HIAA, have been found in the 
brain serotonergic neurons of alcohol-preferring (P) as 
compared with a non-preferring line of rats (NP) [4-61. 
There was a significant reduction in alcohol consumption 
by P rats as a result of either increased S-HT synthesis or 
the administration of 5-HT receptor agonists [7-lo]. Con- 
sistent with these observations are the studies of the rela- 
tionship between 5-HT uptake and alcohol ingestion. An 
increased 5-HT uptake has been found in striatal synapto- 
somes of P rats. The administration of selective 5-HT re- 
uptake inhibitors (SSRIs) has been shown consistently to 
reduce alcohol intake in laboratory animals [I 1, 121 and 
human heavy drinkers [13-151. Thus, it appears that con- 
ditions that increase the activity of serotonergic neurons 
tend to decrease alcohol consumption. 

We recently identified the presence of a high-affinity 
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transport mechanism for 5HT in peripheral blood lympho- 
cytes of human subjects [16]. This transporter bears a close 
resemblance to the one found in neuronal tissues 1171. This 
presented us with an opportunity to utilize lymphocytes as 
a readily accessible human cellular preparation for investi- 
gating the influence of alcoholism on 5-HT uptake. To 
minimize the effect of chronic alcohol exposure, 5-HT up 
take activity was measured in lymphocyte preparations iso- 
lated from the blood of abstinent alcoholics. Also, an at- 
tempt was made to determine whether an association exists 
between the period of abstinence from alcohol and 5-HT 
uptake activity. 

MATERIALS AND METHODS 
Subjects 

The abstinent alcoholics evaluated in this study consisted 
of seven males and three females between the ages of 20 
and 60 years (40 + 18). Of these alcoholics, eight were 
white and two were black. Prior to their sobriety, these 
alcoholics met the DSM-III-R criteria for alcohol depen- 
dence [18] and had had previous in-patient detoxification 
for alcoholism. These subjects were members of Alcoholics 
Anonymous, and the average length of their abstinence was 
5.8 years (l-10 years). Subjects with major psychiatric dis- 
orders, neurologic or medical illnesses, or individuals who 
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were taking medications known or suspected of affecting 
5-HT uptake activity were excluded from the study. 

Control @-oup 

This group consisted of seven male and three female adults 
that were age, race, and sex matched with the recovering 
alcoholics evaluated in this study. They were members of 
the staff of Emory University School of Medicine. These 
individuals had no history of alcoholism or drug addiction, 
had no physical or psychiatric illness, were on no medica- 
tions, and had no history of any chronic medical problems. 
Informed consent, approved by the Human Investigations 
Committee of Emory University, was obtained from all sub- 
jects prior to enrollment into the study. Blood samples were 
taken in the morning after an overnight fast. 

Sample Collection 

Blood samples for the determination of 5-HT uptake were 
drawn from a peripheral vein into an evacuated tube con- 
taining heparin as an anticoagulant. 

5-HT Uptake Assay 

Isolation of lymphocytes and measurement of 5-HT uptake 
activity was carried out according to the procedure de- 
scribed by Faraj et al. [16]. Briefly, suspended lymphocytes 
(1 x lo7 cells) in Hanks’ buffer and [3H]5-HT (sp. act. 23.7 
Ci/mmol; 3-1000 nM) were incubated for 10 min at 37”. 
Lymphocytes were isolated by centrifugation, washed re- 
peatedly with buffer, and sonicated, and the radioactivity in 
the samples was counted. 

Statistical Analysis 

Correlation analyses were done using Pearson products mo- 
ment estimates of linear association. Comparisons of 5-HT 
uptake activity in lymphocytes of abstinent alcoholics and 
controls were done using the Kruskal-Wallis test. Statis- 
tical significance was set at 0.05 levels. 
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RESULTS 
Patient Profile 

The abstinent alcoholics described in this study bear some 
resemblance to type II alcoholics [19]. These alcoholics 
were more likely to consume alcohol at an earlier age, to 
have an earlier age of onset of illness and entry into treat- 
ment, and to experience more social consequences and le- 
gal problems in association with their alcoholism. Further- 
more, a greater percentage of subjects had a family history 
of alcoholism. 

Serotunin Uptake 

5-HT uptake activity was determined in lymphocytes iso- 
lated from the blood of abstinent alcoholics and controls. 
Abstinent alcoholics had significantly (P < 0.01) higher 
uptake of [3H]5-HT in their lymphocytes (43.6 f 5.70 
pmol/107 cells) compared with controls (23.33 + 2.50 
pmol/107 cells) (Table 1 and Fig. 1). Kinetic analysis, as 
computed by regression analysis from Lineweaver-Burk 
plots, revealed a substantially higher (P < 0.01) maximal 
velocity (V,,,) for the uptake of [3H]5-HT in lymphocytes 
of abstinent alcoholics (V,,, = 564 of: 70 pmol/107 cells) as 
compared with that of controls (V,,, = 166 & 30 pmol/107 
cells). Similar changes in IX,,, values were observed (Table 
1). In Table 2 are shown [3H]5-HT uptake levels observed 
among these former alcoholics according to their length of 
abstinence from alcohol. The data showed that the uptake 
of [3H]5-HT was not modified by the period of abstinence. 

DISCUSSION 

In view of the observation that the rate of 5-HT uptake 
may represent a biological trait closely associated with al- 
coholism [l l-151, we investigated whether lymphocytes of 
abstinent alcoholics transport 5-HT differently from that of 
non-alcoholics. The results of this preliminary study 
showed that abstinent alcoholics had a significant increase 
of 5-HT uptake in their lymphocytes as compared with 
controls. Kinetic analysis revealed that the change in 5-HT 
uptake activity in abstinent alcoholics was due to a change 
in maximal velocity (V,,, ) with a corresponding change in 
the affinity constant (K,,,) of the transporter toward 5-HT. 

TABLE 1. Lymphocyte [3H]5-HT uptake iu recovering alcoholics and controls 

Lymphocyte* 
Kinetics 

[3H]5-HT uptake V 
Group N (pmoY107 cells) (pmoVlTcells) (Z) 

Controls 10 23.33 f 2.50 166 f. 30 547 k 75 
Recovering alcoholics 10 43.6 f 5.70t 564 f 70t 1068 + 1203 

Values are means + SD. 

* The concentration of [‘Hl5-HT used to measure lymphocyte uptake was 110 nM. 

t Significantly different from controls (P < 0.01). 

$ Significantly different from controls (P < 0.05). 
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FIG. I. Uptake observed in the presence of various concentrations of [3H]5-HT (25-1000 IM) in lymphocytes isolated from 
the blood of controls (O-O) and abstinent alcoholics (A-A). Each point (mean * SD) represents the average of six 
experiments. 

These observations are in accordance with those of Bois- 
mare et al. [20] and Ernouf et al. [21], who showed that 
former alcoholics and their descendants had elevated 5HT 
uptake in their blood platelets. No apparent difference in 
5-I-IT uptake was noted in lymphocytes of alcoholics with 
varying lengths of abstinence. This suggested to us that the 
observed increase in 5-HT uptake in lymphocytes of abstis 
nent alcoholics may be indicative of a heritable trait and 
not the long-lasting effect of chronic alcohol abuse. In sup- 
port of this thesis, Rausch et at. [22] measured 5-I-IT uptake 
in blood platelets of young men who are potentially vul- 
nerable to develop alcoholism on the basis of family history. 
They showed that individuals with a family history positive 
(FHP) had a significantly higher mean V,,, for platelet 
5-HT uptake as compared with those of family history nega- 
tive (FHN) serving as controls. 

The increased V,,, of 5-HT uptake in lymphocytes of 

TABLE 2. Kinetics of 5-HT uptake in lymphocytes of recove 
ering alcoholics with abstinent time 

Abstinent time 
(vears) N 

Kinetic parameters* 

l-2.9 4 41 1110 
3-4.9 3 45 1050 
5-10 3 42 950 

* Means. 

abstinent alcoholics is consistent with animal studies in 
which a higher capacity of .5-HT uptake was found in the 
brain of selectively bred alcohol-prone rodents [3]. A higher 
capacity for 5-HT uptake suggests an increased ability to 
sequester extracellular 5-HT from access to 5-HT receptors 
[23]. This, presumably, reduces the activation of serotoner- 
gic neurons. This argues in favor of the hypothesis that 
central nervous system 5-HT neurotransmission may be in 
volved in the regulation of ethanol intake [24, 251. How- 
ever, the present data cannot confirm whether differences 
in 5-HT uptake in lymphocytes of abstinent alcoholics are 
related to a central serotonergic mechanism of hereditary 
risk to develop alcoholism. 

The application of molecular biology techniques should 
prove pivotal to efforts aimed at identifying whether a se- 
rotonergic mechanism underlies the development of alco- 
holism. Pharmacological properties of 5-HT uptake in lym- 
phocytes have been characterized and shown to be similar 
to that in brain [16]. Using reverse transcription coupled 
with polymerase chain reaction (PCR) amplification and 
direct referencing, we have isolated and identified the 
cDNA encoding the primary structure of a 5-HT uptake 
site in lymphocytes from human blood and have shown it to 
be identical to that of human brain 5-HT transporter [26, 
271. 

The elucidation of the primary structure of 5-HT trans- 
porter in lymphocytes and the demonstration of its identity 
with 5-HT transporter in brain may have important impli- 
cations. Human lymphocytes, a readily accessible, nucle- 
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ated cell type, could conceivably be used as a model of brain 
5-HT transporter to study the regulation and expression of 
this gene in alcoholics and attain insight into the possible 
association between altered 5-HT transporter function and 
vulnerability for alcoholism. 

What are the possible consequences of decreased seroto- 
nin neurotransmission in alcoholics? Impairment of 5-HT 
neurotransmission among alcoholics may precipitate be- 
havioral traits that could have adverse psychosocial impli- 
cations. Considerable preclinical and clinical evidence 
links impulsive aggressive behaviors to reduced brain 5-HT 
function [28, 291. Individual vulnerability may render cer- 
tain groups of alcoholics to be more at risk to exhibit vio- 
lent behavior while intoxicated. One such group may be 
type II alcoholics [19, 301, where early onset of alcohol- 
related problems and criminality are the central features. 
Interestingly, Buydens-Branchey et al. [3 11 demonstrated 
the existence of an association between aggressive behavior 
and low plasma tryptophan/neutral amino acid ratio among 
individuals who had early onset of alcohol-seeking behav- 
ior. 

Linnoila et al. [32] and Virkkunen and Linnoila [33] 
demonstrated that habitually violent criminals with a 
DSM-R III diagnosis of alcohol dependence had a low CSF 
concentration of 5-HIAA. In a follow-up and family history 
investigation, it was shown that low CSF 5-HIAA was 
predictive of recidivist violent criminality under the influ- 
ence of alcohol. Furthermore, sons of an alcoholic father, 
who have been convicted of violent crimes, had signifi- 
cantly low CSF levels of 5-HIAA [34]. Early onset of im- 
pulsive violence among alcoholics, therefore, may represent 
physical and behavioral manifestations of an underlying 
defect in 5-HT function. Recognition and treatment of 
such individuals with serotonergic medications may reduce 
alcohol consumption and prevent aggressive outbursts. 

In closing, the discovery of a naturally occurring struc- 
tural variant of the 5-HT transporter gene in peripheral 
blood lymphocytes may provide us with an opportunity to 
elucidate the origin of complex behavioral traits with brain 
5-HT function. 

References 

1. 

2. 

3. 

4. 

5. 

Zhou FC, Bledsoe S, Lumeng L and Li T-K, Reduced seroto- 
nergic immunoreactive fibers in the forebrain of alcohol- 
preferring rats. Alcohol Clin Exp Res 18: 571-579, 1994. 
Balldin J, Berggren U, Engel J and Ericksson M, Neuroendo- 
crine evidence for reduced serotonergic neurotransmission 
during heavy drinking. Alcohol Clin Exp Res 18: 822-834, 
1994. 
Le Marquard D, Pihl RO and Benkelfat C, Serotonin and 
alcohol intake, abuse and dependence: Findings of animal 
studies. Biol Psychiatry 36: 395-421, 1994. 
Murphy JM, McBride W, Lumeng L and Li T-K, Regional 
levels of monoamines in alcohol-preferring and non-pre- 
ferring lines of rats. Phunnacol Biochem Behao 16: 145-149, 
1982. 
Murphy JM, McBride WJ, Lumeng L and Li T-K, Alcohol 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

preference and regional brain monoamine content of N/NIh 
heterogeneous stode rats. Alcohol &g Res 7: 33-39, 1986. 
Gongwer MA, Murphy JM, McBride WJ, Lumeng L and Li 
T-K, Regional brain contents of serotonin, dopamine and 
their metabolites in the selectively bred high- and low- 
alcohol drinking lines of rats. Alcohol 6: 317-320, 1989. 
Sevensson L, Fahlke C, Hard E and Engel JA, Involvement of 
the serotonergic system in ethanol intake in the rat. Alcohol 
10: 219-224, 1993. 
McBride WJ, Murphy JM, Lumeng L and Li T-K, Serotonin 
and ethanol preference. Recent Dev Alcohol 7: 187-209, 1989. 
McBride WJ, Murphy JM, Lumeng L and Li T-K, Serotonin, 
dopamine and GABA involvement in alcohol-drinking of 
selectively bred rats. Alcohol 7: 199-205, 1990. 
McBride WJ, Murphy JM, Gatto GT, Levy AD, Lumeng L 
and Li T-K, Serotonin and dopamine system regulating alco- 
hol intake. Alcohol (Suppl 1): 411416, 1991. 
Engel JA, Enerback C, Fahlke C, Hulthe I’, Hard E, Johan- 
nessen K, Sevensson L and Soderpalm B, Serotonin involve- 
ment in ethanol intake. In: Novel Pharmacological Interventions 
for Alcoholism (Eds. Narango CA and Sellers EM), pp. 68-82. 
Springer, New York, 1992. 
Sellers EM, Higgins GA and Sobel MB, 5-HT and alcohol 
abuse. Trends Pharmacol Sci 13: 69-75, 1992. 
Amit 2, Brown A, Sutherland G, Rockman K, Gill K and 
Selvaggi N, Reduction in alcohol intake in humans as a func- 
tion of treatment with zimelidine: Implications for treatment. 
In: Research Advances In New Psychopharmacological Treat- 
ments for Alcoholism (Eds. Naranjo CA and Sellers EM), pp. 
189-198. Elsevier Science Publishers B.V. (Biomedical Divi- 
sion), New York, 1985. 
Gorelick DA and Paredes A, Effect of fluoxetine on alcohol 
consumption in male alcoholics. Alcohol Clin Exp Res 16: 
261-265, 1992. 
Balldin J, Berggren U, Bokstrom K, Eriksson M, Gottfries CG, 
Karlsson 1 and Walinder J, Six months open trial with zi- 
melidine in alcohol-dependent patients: Reduction in days of 
alcohol intake. Drug Alcohol Depend 35: 245-248, 1994. 
Faraj BA, Olkowski ZL and Jackson RT, Expression of a high- 
affinity serotonin transporter in human lymphocytes. Int J 
lmmunophmacol 16: 561-567, 1994. 
Hendley ED, Neurotransmitter uptake. In: Handbook of Neu- 
rochemiscry (Ed. Lajtha A), Vol. 6, pp. 411429. Plenum Press, 
New York, 1984. 
American Psychiatric Association, DSM-III-R: Statistical 
Manual of Mental Disorders, 3rd Edn, revised. APA, Wash- 
ington, DC, 1987. 
Von Knorring A-L, Bohman M, von Knorring L and Oreland 
L, Platelet MAO activity as a biological marker in subgroups 
of alcoholism. Acta Psychian Scand 72: 51-58, 1985. 
Boismare F, Lhuintre JP, Daoust M, Moore N, Salignaut C 
and Hillemand B, Platelet affinity for serotonin is increased in 
alcoholics and former alcoholics: A biological marker for de- 
pendence. Alcohol Alcohol 2: 155-159, 1987. 
Ernouf D, Campagnon P, Lothion P, Narcisse G, Benard JY 
and Daoust M, Platelets 3H 5-HT uptake in descendants from 
alcoholic patients: A potential risk factor for alcohol depen- 
dence. Life Sci 52: 989-995, 1993. 
Rausch JF, Monteiro MG and Schuckit MA, Platelet seroto- 
nin uptake in men with family histories of alcoholism. Neu- 
ropsychopharmacology 4: 83-86, 1991. 
Pletscher A, The 5-hydroxytryptamine system of blood plate- 
lets: Physiology and pathophysiology. Int J Cardiol 14: 177- 
188, 1987. 
Zabik JE, Use of serotonin-active drugs in alcohol preference 
studies. Recent Dev Alcohol 7: 211-223, 1989. 
Cool DR, Leibach FH, Bhalla VK, Mahesh V and Ganapathy 
V, Expression and cyclic AMP-dependent regulation of a high 



Serotonin and Alcoholism 57 

26. 

27. 

28. 

29. 

affinity serotonin transporter in the human placental chorio- 
carcinoma cell line (JAR). _I Biol Chem 266: 15750-15757, 
1991. 
Villinger F, Faraj BA, Olkowski ZL, Jackson RT and Ansari 
AA, Functional expression of a serotonin transporter in hu- 
man peripheral lymphocytes. FASEB J 8: AlO8, 1994. 
Lesch KP, Wolozin BL, Estler HC, Murphy DL and Reiderer 
I’, Isolation of a cDNA encoding the human brain serotonin 
transporter. _I Neural Transm 91: 67-73, 1993. 
Higley JD, Mehlman PT, Taub DM, Higley SB, Suomi SJ, 
Vickers JH and Linnoila M, Cerebrospinal fluid monoamine 
and adrenal correlates of aggression in free-ranging rhesus 
monkeys. Arch Gen Psychiatry 49: 436-441, 1992. 
Salomon RM, Mazure CM, Delgado PL, Mendia P and Char- 
ney DS, Serotonin function in aggression: The effect of acute 
plasma tryptophan depletion in aggressive patients. Biol Psy- 
chiarry 35: 570-572, 1994. 

30. 

31. 

32. 

33. 

34. 

Cloninger CR, Sigvardsson S, von Knorring A-L and Bohman 
M, The Swedish studies of adopted children of alcoholics: A 
reply to Littrell J. .I Stud Alcohol 49: 500-509, 1988. 
Buydens-Branchey L, Branchey MH, Noumair D and Lieber 
CS, Age of alcoholism onset. II. Relation to susceptibility to 
serotonin precursor availability. Arch Gen Psychiatry 46r 23 l- 
236, 1989. 
Linnoila M, Virkkunen M, Scheinin M, Nuutila A, Rimon R 
and Goodwin FK, Low cerebrospinal fluid 5-hydroxyindole- 
acetic acid concentration differentiates impulsive from non- 
impulsive violent behavior. Life Sci 33: 2609-2614, 1983. 
Virkkunen M and Linnoila M, Brain serotonin, type II alco- 
holism and impulsive violence. _l Stud Alcohol (Suppl 11): 
163-169, 1993. 
Linnoila M, De Jong J and Virkkunen M, Family history of 
alcoholism in violent offenders and impulsive fire setters. 
Arch Gen Psychiarry 46: 613-616, 1989. 


