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Plasma Homovanillic Acid: A Significant Association with
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the Human Catechol-O-Methyltransferase Gene
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INTRODUCTION

The mesolimbic dopamine system appears to play a critical
role in reinforcing alcoholism and in the rewarding effects
of alcohol (Mc Bride et al, 1995; Zhou et al, 1995; Nestler et
al, 1993; Fujimoto et al, 1983). Dysfunction in dopaminergic
transmission has been associated with craving for ethanol
(Wise, 1988) and seems to influence withdrawal symptoms
(Harris and Aston-Jones, 1994; Heinz et al, 1996).
Dopamine is metabolized into its final metabolite
homovanillic acid (HVA) by the action of two enzymes:
catechol-O-methyltransferase (COMT) and monoamine
oxidase (MAO) (Westerink, 1985; Wood and Altar, 1988).
In contrast to HVA in the cerebrospinal fluid (CSF-HVA)
plasma HVA is a potential indicator of central dopaminer-
gic neuronal activity (Amin et al, 1992) and can therefore be
used as a tool to study the psychopathology of addictive
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The central dopamine system seems to influence addictive disorders. Plasma homovanillic acid (HVA) is an indicator of central
dopaminergic activity. In this study the hypothesis that plasma HVA is associated with alcoholism or with delirium tremens (DT) during
alcohol withdrawal was tested. A functional genetic polymorphism of the enzyme catechol-O-methyltransferase (COMT) that
participates in converting dopamine into its final metabolite HVA was investigated for an association with alcoholism or DT during
alcohol withdrawal. In addition, a relation between the functional polymorphism of COMT and plasma HVA concentrations was studied.
Plasma HVA concentrations and COMT genotypes were determined in 142 German alcoholics and 101 German healthy controls.
Alcoholic patients were examined after a minimum of 3 weeks after cessation of drinking. Mean plasma HVA concentrations were
significantly lower in alcoholic patients compared to healthy controls. A group of alcoholics with a history of DT during alcohol
withdrawal (n=62) did not differ significantly in plasma HVA concentrations from alcoholics with a history of only mild withdrawal
symptoms (n=67). The functional polymorphism of the human COMT gene was neither significantly associated with the diagnosis of
alcoholism or DT during alcohol withdrawal nor with plasma HVA concentrations.
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disorders. So far only few studies have tried to elucidate the
role of HVA in human alcoholism with contradictory results
(Heinz et al, 1999; Gabel, 1995; Petrakis et al, 1999;
Lappalainen et al, 1999; Fulton et al, 1995; Virkkunen et
al, 1996). Fulton et al (1995) could show in a case control
study with a sufficiently large study population that plasma
HVA was significantly lower in alcoholic patients (n=83)
compared to 69 healthy controls.

Animal testing revealed that altered HVA concentrations
in the brain are likely to be determined by at least one gene,
which has not been identified yet (Fadda et al, 1991). As
potent inhibitors of COMT have been shown to reduce
cerebral HVA (Rivas et al, 1999; Brannan et al, 1997;
Katajamaki et al, 1998), the COMT gene is a candidate gene
for the regulation of HVA concentration.

The polymorphic human COMT gene is located on
chromosome 22q11.2. A genetic polymorphism results in
three- to four-fold differences in COMT activity (Grossman
et al, 1992). Studies that tried to associate the low activity
(L) allele of COMT with alcoholism revealed contradictory
results (Hallikainen et al, 2000; Tiihonen et al, 1999;
Ishiguro et al, 1999; Wang et al, 2001). Men with the LL
genotype have shown a significantly higher weekly alcohol
consumption than individuals with other genotypes
(Kauhanen et al, 2000).



This study tested if plasma HVA, as an indicator of
central dopaminergic activity, or the functional polymorph-
ism of the COMT gene is associated with alcoholism or with
delirium tremens (DT) during alcohol withdrawal. It was
additionally investigated if the polymorphic COMT gene
influences plasma HVA concentrations in a native Western
European population.

METHODS AND MATERIALS
Subjects

After the study protocol had been approved by the Ethics
Committee of the University Hospital of Tiibingen, written
informed consent was obtained from all participants. All
participating individuals were unrelated and of German
descent. The present study was designed to compare a
group of alcoholic patients with a history of DT to a group
of alcoholics suffering only from mild withdrawal symp-
toms. In addition, all included alcoholic patients were
compared with a group of healthy controls. The diagnostic
assessment of all individuals was carried out by an interview
based on the Structured Clinical Interview for the diagnostic
and statistical manual of mental disorders DSM IV
(American Psychiatric Association, 1994), SKID (Wittchen
et al, 1997). Information about family history, descent,
withdrawal symptoms, alcohol, and substance abuse history
was obtained and documented. Persons with primary major
psychiatric disorders, a history of head trauma and severe
medical illnesses, or substance dependence other than
alcohol or nicotine dependence were excluded.

Alcoholic patients with a history of DT related to alcohol
withdrawal (n =62) were recruited from the detoxification
and therapy unit of the Psychiatric University Hospital
Tiibingen (n=37) and from the Hospital for addictive
disorders at Wilhelmsheim (n=25). The patients of
this group fulfilled the criteria for alcohol dependence
according to the diagnostic and statistical manual of mental
disorders (DSM IV) and had a history of alcohol with-
drawal DT according to DSM IV that was diagnosed and
documented by the treating psychiatrist in the patients chart.
This group included eight females and 54 males. The
mean age was 46 years (SD: 9; maximum: 63, minimum 27
years).

A total of 67 patients from the alcohol detoxification and
therapy unit of the Psychiatric University Hospital Tiibin-
gen were included in the group of alcohol-dependent
patients with a history of mild withdrawal symptoms. The
patients of this group fulfilled the DSM IV criteria for
alcohol dependence and had no history of DT or withdrawal
seizures. Withdrawal symptoms of this group were docu-
mented based on the Clinical Institute Withdrawal Assess-
ment for Alcohol Scale, CIWA-Ar, (Sullivan et al, 1989).
Within the first 24h of withdrawal, these patients had
experienced only mild withdrawal symptoms as defined by
a score lower than 12 in the CIWA-Ar (mean: 1.1; SD: 2.4;
maximum: 11, minimum: 0). This group included 19
females and 48 males. The mean age was 41 years (SD:
7.8; maximum: 61, minimum: 27 years). Most of the
individuals of this group took no medication affecting
withdrawal symptoms (n=52). Of these, 15 patients
received clomethiazol to relieve milder symptoms of with-
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drawal, with a mean dosage of 1.0g (SD: 0.6 g) during the
first 24 h.

The group of alcohol-dependent patients (n=142)
consists of all the included patients with mild withdrawal
symptoms and with a history of DT. In all, 13 additional
alcohol-dependent patients according to DSM IV, who
suffered from more severe withdrawal symptoms (CIWA-Ar
score >12), but did not have a history of DT and could
therefore not be assigned to any of the other groups were
added to compare this group of alcohol-dependent patients
with healthy controls. The total group of alcoholics included
29 females and 113 males. The mean age was 43.6 years (SD:
8.5; maximum: 63, minimum: 21 years).

A total of 101 healthy and unrelated controls of German
descent were recruited in the greater Stuttgart area in
southwest Germany. Individuals receiving psychotropic
drugs, individuals with a psychiatric disorder according to
DSM IV criteria including problems with substance abuse
or addiction (other than nicotine) or with a positive family
history for addiction or other psychiatric disorders were not
included. Individuals had to be at least 24 years old. This
group included 36 females and 65 males. The mean age was
37.4 years (SD: 10.7; maximum: 62, minimum: 24 years).

Determination of HVA in Plasma

Blood samples were obtained for plasma HVA determina-
tion from all 243 individuals. None of the participating
subjects took psychotropic medication. Each sample was
obtained by venipuncture between 7:00 and 8:00 am after an
overnight fast. The blood was centrifuged within 30 min and
the plasma was stored at —20°C until analysis.

Plasma (0.6 ml) was mixed with 0.7 ml of 0.1 M NaCl and
0.2ml of 10 N HCI was added under vigorous shaking. After
further shaking for 30min, precipitated proteins were
sedimented by centrifugation at 11000rpm for 20 min.
From 1.2ml of the supernatant, HVA was extracted three
times with 1.5 ml of tert-butyl methyl ether. The combined
organic phases were evaporated under a stream of nitrogen
and the residue was dissolved in 0.4 ml of 1 mM Na,-EDTA.
The extracts were stable for up to 3 days when frozen in
liquid nitrogen and stored at —80°C.

HPLC analysis was carried out on a 150 x 4mm” column
with GROM-SIL 120 ODS-4HE 5um (GROM Analytik,
Herrenberg, Germany), the eluent containing 78% 50 mM
KH,PO, adjusted to pH 3 with H;PO,+5mM KCl, 11%
methanol and 11% acetonitrile, flow rate 0.9 ml/min,
temperature 35°C, injected volume 0.1 ml, retention time
of HVA 6.6 min. The eluate was monitored by an HP 1049A
electrochemical detector with a glassy carbon working
electrode set at +0.7 V. For a reproducible response, the
electrode was purified in the pretreat mode by six cycles of
+1.0 and —0.4V prior to each analysis. Quantification was
based on peak heights relative to those of external
standards. An aqueous solution of 1 mM HVA was stable
for at least 9 months at —20°C. It was diluted with eluent to
concentrations of 0.6-6 ng/0.1 ml for calibration curves run
with each series, which went through the origin. For
recovery experiments, plasma with a low HVA level was
spiked with 7-22 ng HVA/0.6 ml resulting in a recovery of
97.9% (SD: 2.7%; N=25). All plasma samples from patients
and controls and additional 66 samples (independent from
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this study) were analyzed in duplicate with a coefficient of
variation of 13% (N=309). The limit of detection at a
signal/noise ratio of 5 was 0.2 ng per injection equivalent to
1.4 ng/ml plasma.

Genotyping

Genomic DNA was isolated from all participants of the
study using standard procedures (Miller et al, 1988).
Specific PCR primers for the functional COMT polymorph-
ism were used as previously described (Daniels et al, 1996):

COMT-1s: 5'-ACT GTG GCT ACT CAG CTG TG-3’
COMT-1a: 5'-CCT TTT TCC AGG TCT GAC AA-3'.

PCR reactions were run in a total volume of 21 pul and
contained 2.5mM MgCl,, 0.25mM of each dNTP, 1.5U of
Taq DNA polymerase (Gibco-BRL), a 1 x PCR-buffer as
supplied by the manufacturer, 0.5uM of each primer and
25 ng of genomic DNA. PCR assays were performed with 35
cycles with denaturation at 94°C for 45s, annealing at 60°C
for 60s and extension at 72°C for 60s. Aliquots of the
reaction mix (7 pl) were digested for at least 4h at 37°C with
5U of NIalll (New England Biolabs) in a final volume of
17 pl. The digested products were separated on 3% agarose
gels with direct visualization with ethidium bromide under
UV-light. A 100 base-pair ladder (Gibco-BRL) was used for
the estimation of fragment sizes. The digested 169-bp PCR
product yielded a 114-bp product for the H activity (Val158)
allele and a 96-bp fragment for the L activity (158Met) allele.

Statistical Analysis

For parametric analyses, we employed a logarithmic
transformation of plasma HVA. A Box-Cox analysis
suggested this, and it resulted in homoskedastic, normal-
distributed residuals, which was verified by a normal
quantile plot (not shown). Genotype/phenotype data were
analyzed using one- and two-way ANOVA. Pairs of groups
were compared using t-tests.

Allelic and genotypic frequencies were compared between
groups using 2 X 2 and 2 X 3 contingency tables, odds ratios
with exact confidence limits (CI) and Fisher’s exact test or
an extended version thereof, respectively. A significance
level of 5% was chosen for type 1 error. A correction for
multiple testing was not performed.

Deviations from Hardy-Weinberg equilibrium (HWE)
were assessed using the HWSIM program (Cubells et al,
1997).

RESULTS
Plasma HVA

Logarithmically transformed plasma HVA was significantly
lower in the group of 142 alcohol-dependent patients
compared with 101 healthy controls (z-test: p=0.002;
Table 1). The geometric mean in alcoholics was
11.7 ng/ml (coefficient of variation (CV): 54%; range 5-44)
compared to 14.1ng/ml (CV: 48%; range 6-37) in healthy
controls.

The geometric mean plasma HVA was 11.8 ng/ml (CV:
53%; range 5-30) in subjects with a history of DT (n=62)
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Table I Plasma HVA Levels (in ng/ml) after at least 22 Days
after Cessation of Drinking in 142 Alcoholics Compared to 101
Healthy Controls

Alcoholics Healthy controls
N 142 101
Plasma HVA (ng/mi)
Range 5-44 6-37
Median® 1.5 14
Interquartile range 9-16 [1-19

“Plasma HVA levels were significantly lower in the groups of alcoholics; t-test
after logarithmic transformation of plasma HVA (p =0.002).

Table 2 Plasma HVA Levels (in ng/ml) after at least 22 Days
After Cessation of Drinking in 62 Alcoholics with a History of DT
Compared to 67 Alcoholics with only Mild Withdrawal Signs
(MWS)

DT MWS
alcoholics alcoholics
N 62 67
Plasma HVA (ng/mi)
Range 5-30 5-33
Median® 12 I
Interquartile range 9-16 9-15

“t-test after logarithmic transformation of plasma HVA (p =0.97) revealed no
significant difference between the two groups.

and 11.7 ng/ml (CV: 49%; range 5-33) in patients with a
history of mild withdrawal symptoms (n=67). No sig-
nificant difference in plasma HVA was found comparing
these two groups (Table 2) (t-test after logarithmic
transformation of plasma HVA: p=0.97).

COMT: Allelic and Genotypic Frequencies

Of the 243 individuals that were genotyped for the COMT
polymorphism, 71 carried the homozygous LL genotype
(f(LL) =0.29), 114 the HL (f(HL) =0.47), and 58 the HH
genotype (f(HH)=0.24). For both the total group and
the healthy control subgroup, genotype frequencies
did not deviate significantly from HWE (p>0.3 in all
cases).

No significant differences in allelic or genotypic distribu-
tion of COMT were found between alcoholics with a history
of DT and alcoholics with a history of mild withdrawal
symptoms (p=0.53 and 0.80, respectively) or bet-
ween alcoholics and healthy controls (p=0.49 and 0.65,
respectively) (Table 3). The odds ratio for allele L was
0.86 (CI: 0.49-1.39) when comparing DT with MWS alcoho-
lics. The odds ratio for allele L was 1.09 (CI: 0.75
-1.59) when comparing all alcoholics with healthy
controls.

COMT Genotype and Plasma HVA

Data on plasma HVA and COMT genotypes were available
from all 243 individuals, consisting of 142 alcoholics and



Table 3 Genotype and Allele Frequency of the COMT
Polymorphism in Patients with Alcohol Addiction and Control
Subjects

Genotype frequency Allele frequency

H/H H/L L/L H L
Sample n (%) (%) (%) (%) (%)
Alcoholics (MWS) 67 24 48 28 48 52
Alcoholics (DT) 62 27 50 23 52 48
Alcoholics (total)® 142 23 50 27 48 52
Control subjects 101 25 43 32 46 54

Alcoholics (total) vs control subjects: genotype, p =0.49; allele, p = 0.65.
DT alcoholics vs MWS alcoholics: genotype, p =0.80; allele, p =0.53.
“Total n includes |3 alcoholics not otherwise specified.

DT, delirium tremens; MWS, mild withdrawal symptoms.

Table 4 Plasma HVA (in ng/ml) in a Sample of 243 German
Individuals, Consisting of 142 Alcoholics and 101 Healthy Controls,
Grouped According to COMT Genotypes

Genotype HH HL LL
N 58 I14 71
Plasma HVA (ng/mi)

Range 6-37 5-44 5-29
Median® I3 12 12

Interquartile range 10-185 9.75-16 9-19

“Statistical analysis revealed no significant effect of COMT genotype on plasma
HVA (ANOVA after logarithmic transform: p =0.36).

101 healthy controls (Table 4). There was no significant
association of genotype and plasma HVA (one-way
ANOVA: p =0.36). Analyzing only healthy controls revealed
similar results (data not shown).

In a two-way ANOVA explaining HVA levels by health
status, COMT genotype and their interaction, this interac-
tion was not significant (p=0.78). Results for the main
effects were as before: a significant difference between
alcoholics and controls (p=0.01), but not between COMT
genotypes (p =0.39).

DISCUSSION

The major finding of the present study is that mean plasma
HVA concentrations were significantly lower in the
included abstinent alcoholic patients compared to healthy
controls. A group of alcoholics with a history of DT during
alcohol withdrawal did not differ in plasma HVA concen-
trations from alcoholics with a history of only mild
withdrawal symptoms. The functional polymorphism of
the human COMT gene was neither significantly associated
with the diagnosis of alcoholism or DT during alcohol
withdrawal nor with plasma HVA concentrations.

In this study, plasma HVA was chosen as an indicator for
central dopaminergic activity. HVA measurement in plasma
is considered the most convenient and potentially useful
indicator of central dopamine neural activity (Amin et al,
1992). In contrast to plasma HVA it is unclear whether CSF
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HVA can reflect cortical dopaminergic neural activity, since
HVA from most regions of the brain seems to enter directly
into blood circulation without ever appearing in CSF (Neff
et al, 1967; Meek and Neff, 1973; Aizenstein and Korf, 1978).
The mean half-life of plasma HVA in humans appears to be
1h (Anggard et al, 1974; Elchisak et al, 1982). It is mainly
renally excreted (Elchisak et al, 1979). The effect of diet on
plasma HVA lasts several hours, but overnight fasting
eliminates the dietary effects on plasma HVA concentra-
tions in humans (Davidson et al, 1987; Elsworth et al,
1987).

Alterations of the dopaminergic system during early
alcohol withdrawal have been shown (Heinz et al, 1996;
Uzbay et al, 1998). A decreased plasma HVA 3 weeks after
cessation of drinking could be explained by the prior
withdrawal only if the effects of the acute withdrawal were
long lasting. This is unlikely taking the results of Sano et al
(1992) into consideration, who could show that alcoholics
without DT recovered within 2 weeks from the direct effects
of withdrawal on plasma HVA. In the present study, the risk
of a sampling bias was minimized as all individuals had
normal renal function and were free of psychotropic
medication at the time of sample collection, and possible
influences of circadian variations, dietary amines, and
orthostatic changes were avoided by collecting samples
after an overnight fast between 7:00 and 8:00 am at rest.

This study shows that mean plasma HVA was signifi-
cantly lower in a group of alcoholics after a minimum of 3
weeks of abstinence compared with plasma HVA in healthy
controls. These findings are in accordance with the results
of one other study on plasma HVA in abstinent alcoholics
(Fulton et al, 1995), whereas studies on alcoholism
examining CSF HVA instead of plasma HVA produced
inconsistent results (Heinz et al, 1999; Petrakis et al, 1999;
Lappalainen et al, 1999; Virkkunen et al, 1996), most likely
caused by the difficulties of determining central HVA
concentrations through HVA in CSF.

Future prospective studies should try to further elucidate
the cause of the alteration of HVA in alcoholics and whether
it can be used as a trait marker for alcoholism. The findings
however make it difficult to believe that plasma HVA will be
used as a reliable trait marker to predict the individual risk
for alcohol addiction since a broad range of plasma HVA of
5-44 ng/ml in alcoholics and 6-37 ng/ml in healthy controls
was determined.

It remains unclear whether smoking contributed to the
observed group differences in plasma HVA concentration as
the smoking status of the individuals was not recorded.
Recent studies (Salminen and Ahtee, 2000; Kiianmaa et al,
2000) have shown that chronic intake of nicotine does not
influence striatal and plasma HVA concentration in rodents
suggesting only little influence of smoking status on the
results of the present study. However, on the background of
conflicting results of some prior studies revealing altered
HVA concentrations caused by the intake of nicotine
(Pietila et al, 1995; Geracioti et al, 1999), the issue should
be investigated further in future studies.

Also a toxic influence of alcohol on catecholaminergic
neurons, which has been described by Arango et al (1994)
in a post-mortem study, could alternatively be the cause for
the observed alteration in plasma HVA concentration. It is
unlikely that the acute withdrawal is an explanation for the
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observed differences in plasma HVA since all alcoholics
maintained sober for a sufficient time prior to inclusion.
The results of Sano et al (1992) that showed a significantly
(p<0.01) elevated plasma HVA in alcoholics with DT
(n=5) 22 days after cessation of drinking, but who lack
statistical power because of small numbers, were not
replicated in the present study, suggesting that plasma
HVA is not a trait marker for DT during alcohol withdrawal.

COMT exists in a low activity and a high activity form,
which is caused by an exonic polymorphism of the COMT
gene that is located on chromosome 22q 11.2, changing Met
to Val at positions 108 and 158 in the enzyme (Boudikova et
al, 1990; Grossman et al, 1992; Klemetsdal et al, 1994;
Lachman et al, 1996). A study on a Finn population revealed
that the COMT genotype contributed significantly to alcohol
intake, not only in alcoholics but also in the general
population. The low activity genotype (LL) of COMT was
associated with an elevated alcohol consumption (Kauha-
nen et al, 2000). Other studies on the effects of the COMT
genotype on alcoholism have presented contradictory
results (Wang et al, 2001; Hallikainen et al, 2000; Tiihonen
et al, 1999; Ishiguro et al, 1999). The present study tried to
associate the COMT gene with alcoholism and for the first
time with DT during alcohol withdrawal. The results suggest
that there is no major effect of the COMT genotype on the
diagnosis of alcoholism or on severe alcohol withdrawal
with DT. Odds ratios however were low (1.0 and 0.86,
respectively). A negative association can also be caused by
heterogeneous groups. In this study we tried to avoid
heterogeneity by inclusion of only German individuals and
by examining homogeneous subgroups of alcoholics pre-
cisely defined by withdrawal symptoms. However the
chosen criteria cannot differentiate between other pheno-
types like Cloninger’s subtypes of alcoholism resulting in
heterogeneous subgroups as far as personality traits are
concerned. The group that consists of all alcoholics of the
different subgroups and was compared to healthy subjects is
certainly not homogenous except for the criteria of alcohol
addiction as defined by DSM IV.

The genetic background of alcoholism is most likely
polygenetic with other genes being of greater importance
than the COMT gene. The task of future trials should be to
focus on other functional polymorphisms possibly combin-
ing them in a haplotype analysis examining larger numbers
of subjects.

Since the enzyme COMT contributes to the metabolism of
dopamine into HVA and potent inhibitors of COMT as
Entacapone, dinitrocatechol, and Ro-41-0960 have been
shown to reduce cerebral HVA (Rivas et al, 1999; Brannan
et al, 1997; Katajamaki et al, 1998), the functional COMT
gene is likely to influence the levels of HVA. The genes of
several dopamine receptors, the human tryptophan hydro-
xylase gene and the COMT gene however did not show an
effect on CSF-HVA (Goldman et al, 1992; Adamson et al,
1995; Jonsson et al, 1997), which in contrast to plasma HVA
is unlikely to reflect cortical dopaminergic neural activity
(Neff et al, 1967; Meek and Neff, 1973; Aizenstein and Korf,
1978). The only trial that studied the effect of entacapone on
plasma HVA however showed no significant alteration
(Keranen et al, 1993).

The results of the present study suggest that the
functional polymorphism of COMT alone will not become
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rate limiting in the formation of plasma HVA. One
promising approach to the genetic background of HVA
levels in future trials could be the utilization of a haplotype
analysis including other candidate genes linked to the
dopamine system like the MAO-A gene.
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