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Selegiline in ADHD Adults: Plasma 
Monoamines and Monoamine Metabolites 
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Graeme Eisenhofer, Ph.D., Dennis L. Murphy, M.D., and Alan J. Zametkin, M.D. 

Plasma monoamines and monoamine metabolites were 
assessed before and during selegiline treatment in adults 
with attention deficit/hyperactivity disorder (ADHD). 
Selegiline, at low dose, is a selective monoamine oxidase 
inhibitor type B (MAOI-B). After 2-week placebo baseline, 
36 ADHD adults were randomized to 6-week placebo or 20 
mg/day or 60 mg/day selegiline, followed by 2-week 
posttreatment placebo. Twenty-seven subjects continued 
into a 6-week 20-mg/day or 60-mg/day selegiline period. 
Behavioral variables included self-rated scores on the 
Conners' Abbreviated Teacher Rating Scale (Conners
ATRS) and performance on a Continuous Performance 
Task (CPT). Plasma samples were assayed for amines 
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The monoamine systems have been implicated in the 
pathophysiology of ADHD, but their relative roles are 
still unclear (Shenker 1992). The clinical and theoretical 
advantage of studying selegiline stems from its dose
dependent differential effects on monoamine systems. 
Selegiline is a selective monoamine oxidase inhibitor 
type B (MAOI-B) at low doses (10-15 mg/day) and be
comes a mixed MAOI-A and MAOI-B at higher doses 
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(dopamine, norepinephrine, epinephrine), precursor 
(DOPA), and metabolites (HVA, DOPAC, DHPG, 
normetanephrine, metanephrine, 5-HIAA). Selegiline 
produced dose-dependent changes in monoamine 
metabolites and DOPA plasma levels. Dopaminergic 
indices were associated with ADHD symptom severity 
(Conners-ATRS) and noradrenergic indices with CPT 
performance. Serotonergic metabolism, challenged by 
selegiline, correlated with clinical changes. These findings 
support a multisystem dysfunction underlying ADHD 
pathophysiology. [Neuropsychopharmacology 
16:276-284, 1997] Published 1997 by Elsevier 
Science Inc. 

(Heinonen et al. 1989; Knoll 1989). Because monoamine 
oxidase type A enzyme (MAO-A) preferentially metab
olizes norepinephrine and serotonin, MAO-B phenyl
ethylamine, and perhaps dopamine (Fuller 1968; Johnston 
1968; Goridis and Neff 1971), the study of selegiline at 
two dose levels permits the examination of the clinical 
effects of changes in norepinephrine and serotonin me
tabolism separately from those of phenylethylamine 
metabolism. 

The purpose of this study was twofold. The first one 
was to test the hypotheses of dose-related changes in 
plasma levels of monoamines and metabolites (see Ta
ble 1 for abbreviations). At low dose, selegiline would 
produce (1) increased plasma levels of DA, decreased 
levels of DA's deaminated metabolites (HVA and 
DOP AC), and decreased levels of DOPA, the latter 
change reflecting negative feedback following accumu
lation of DA; (2) small increases in plasma levels of NE 
and its demethylated metabolites metanephrines (free 
and conjugated NMN and MN); and (3) no effect on the 
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Table 1. Abbreviations of Biochemical Measures 

Monoamines and Metabolites 

DOPA 
DA 
NE 

3,4-Dihydroxyphenylalanine 
Dopamine (3,4-dihydroxyphenylethylamine) 
Norepinephrine (noradrenaline) 
Epinephrine (adrenaline) 
Normetanephrine 
Metanephrine 
3,4-Dihydroxyphenylacetic acid 
3,4-Dihydroxyphenyl (ethylene)glycol 

Enzymes 

MAO Monoamine oxidase 
COMT Catechol-O-methyltransferase 

EPI 
NMN 

MN 
OOPAC 
DHPG 
HVA 
5-HIAA 

Homovanillic acid (4-hydroxy-3-methoxy-phenylacetic acid) 
5-Hydroxyindoleacetic acid 

serotonin metabolite 5-HIAA. At high dose selegiline 
would produce larger effects on DA and NE systems 
and decrease plasma levels of 5-HIAA. 

The second goal was to explore associations between 
biochemical and behavioral variables that would pro
vide testable hypotheses of the respective roles of dopam
inergic, noradrenergic, and serotoninergic systems in 
ADHD pathophysiology. 

METHODS 

Subjects 

Subjects were recruited by advertising in local health 
newsletters distributed through a national support group 
for parents of ADHD children. Subjects were included 
in the study after determination that criteria were met 
following a telephone interview and a 3-hour screening 
visit at the National Institutes of Health (NIH) Clinical 
Center. The rejection rate of potential subjects reached 
about 75%. Diagnosis of ADHD required consensus of 

SAMPLE 

two psychiatrists board certified in general psychiatry 
and in child and adolescent psychiatry and well-experi
enced in evaluating ADHD in adults. As part of a study 
of the efficacy and safety of selegiline in treating ADHD 
in adults (Ernst et al. 1996), 36 carefully screened 
ADHD adults (age 37.6 ± 7.1 years; 24 men and 12 
women) were randomized to double-blind placebo (n = 
11), daily 20 mg (n = 11) or daily 60 mg (n = 14) sele
giline treatment for a 6-week period. The 6-week treat
ment was preceded by a 2-week single-blind placebo 
baseline period and followed by a 2-week single-blind 
placebo posttreatment period. Twenty-seven subjects 
continued into an additional 6-week treatment. The 
subjects who had been initially randomized to placebo 
were subsequently randomized to either low-dose or 
high-dose treatment. Those initially randomized to 
low-dose selegiline were assigned to high-dose treat
ment; conversely, subjects initially randomized to low
dose were subsequently assigned to high-dose treat
ment. Figure 1 summarizes the distribution of subjects 
as a function of drug condition. The double-blind con-

DISTRIBUTION 

FIRST 6-WEEK 
N=36 

t 
PLACEBO 
N=11 

• J2oMGl 

SECOND 6-WEEK 
N=27 

J2oMGl~ L 
20 MG 
N=10 

Figure 1. Distribution of patients as a function of drug condition. The first 6-week trial consisted of a three-arm double
blind design with 11 patients randomly assigned to placebo, 11 to low-dose (20 mg), and 14 to high-dose (60 mg) selegiline. 
Twenty-seven of the initial 36 patients completed the crossover subsequent 6-week trial, 11 being assigned to high-dose and 
16 to low-dose. A total of 27 patients completed a 6-week trial of low-dose selegiline, and a total of 25 patients completed a 
6-week trial of high-dose selegiline. Of the 27 low-dose patients and 25 high-dose patients, 6 and 5, respectively, responded 
to initial baseline placebo and were not included in the analyses of behavioral variables. 
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dition was maintained throughout the drug trial. A to
tal of 27 subjects were randomized to low-dose sele
giline treatment at any point of the trial, and 25 to high 
dose. HV A and 5-HIAA plasma levels were assayed in 
all 36 subjects, and the other biochemical measures 
were assayed in a subsample of 15 subjects (2 random
ized initially to placebo and subsequently to low-dose 
and high-dose; 4 first randomized to low-dose and 9 to 
high-dose treatment). 

All subjects met at least 8 of 14 ADHD DSM-111-R cri
teria for current and past childhood histories (American 
Psychiatric Association 1987) and rated above 8 on the 
sum of scores of the Conners' Abbreviated Teacher Rat
ing Scale (ATRS, Conners 1969). Exclusion criteria in
cluded any other Axis I DSM-III-R psychiatric disorders 
assessed by the Schedule for Affective Disorders and 
Schizophrenia (Endicott and Spitzer 1978), major medi
cal problems, and medical contraindications to MAOis. 
Subjects were free of any medication for a minimum of 
3 to 4 weeks before entry in the study. This protocol 
was approved by the NIMH Intramural Review Board. 
After complete description of the study to the subjects, 
written informed consent was obtained. 

Procedure 

Placebo and selegiline tablets were identical in appear
ance and were given on a twice-a-day schedule. Dosage 
was titrated over 10 days to the optimal dose (4 tablets 
in the morning and 8 tablets in the afternoon). All sub
jects followed the standard low-monoamine diet through
out the study (McCabe 1986). Tablets were supplied 
every 2 weeks, when patients came to the clinic for be
havioral and blood pressure assessments. At each visit, 
patients brought back their medication bottles, and re
maining tablets were counted to assess compliance. Be
havioral measures (10-item Conners' ATRS; Conners 
1969; Visual Continuous Performance Task) and blood 
samples were obtained in a morning clinic visit (be
tween 7:30 A.M. and 9:30 A.M.) at the end of each of the 
following periods: initial 2-week placebo baseline, first 
6-week treatment, and second 6-week treatment. Pa
tients were asked not to eat or drink after midnight 
prior to these visits to decrease variability in plasma 
measures. Plasma samples were obtained after subjects 
had remained seated for a minimum of 10 minutes. 

The Conners' ATRS (Conners 1969) was adapted to 
our adult sample (e.g., "disturbs other children" re
placed by "disturbs others") and was self-rated by the 
patients. The sum of scores (range 0-30) was used for 
analysis. The continuous performance task (CPT) con
sisted of a 30-minute random presentation of degraded 
numbers, with an auditory distractor of a recording of 
numbers read to the subject through headphones. Sub
jects were asked to press a button each time they saw a 
1 followed by a 9. Number of correct responses within a 
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specified latency ("hits"), number of late correct re
sponses ("lates"), number of false responses ("incorr"), 
and mean reaction time to correct responses ("RT") were 
recorded. 

Plasma was obtained from venous blood samples 
collected in tubes containing EDTA. Plasma samples 
were stored at -80°C until assayed. Plasma concentra
tion of the monoamines and their metabolites were esti
mated by high performance liquid chromatography 
(HPLC) with electrochemical detection. A pre-extrac
tion procedure using alumina was employed for the 
catacholamines (Eisenhofer et al. 1986; Murphy et al. 
1991), and a pre-extraction on solid-phase ion-exchange 
columns was used for the metanephrine and normeta
nephrine assays (Lenders et al. 1993). 

Analysis of Results 

Because there was no significant effect of order (first 
6-week treatment versus second 6-week treatment) on 
biochemical and behavioral variables, data collected 
from both low-dose treatment groups and both high
dose treatment groups were pooled into single com
bined low-dose versus high-dose samples. The baseline 
value used was that obtained at the end of the 2-week 
initial placebo baseline period in all cases. 

Two-way repeated-measures analyses of variance 
(ANOV A) with time (baseline vs. treatment) as a within
subjects factor and drug (low dose vs. high dose) as a 
between-subjects factor were used to assess the effects 
of selegiline on biochemical and behavioral variables. 

Pearson correlation coefficients were used to assess 
the relationships between biochemical and behavioral 
variables at baseline and during selegiline treatment. 
Because there is no evidence that the same biochemical 
mechanisms mediate the placebo response and the re
sponse to active treatment, these correlations were per
formed on the subsample of 24 subjects who still met 
the criteria of entry into the study at the end of the ini
tial 2-week placebo baseline period (sum of scores on 
the Conners' ATRS > 8). In this group of 24 subjects, 20 
were assigned to high-dose selegiline treatment and 21 
to low-dose treatment at any point of the trial. The re
maining 12 subjects who improved during the first 2-week 
placebo were kept throughout the study for three rea
sons: (1) The length of the study was thought to be suf
ficient to allow for the placebo effect to subside and un
mask the effect of the active drug; (2) we hoped to be 
able to characterize better the placebo response in 
ADHD adults; and (3) the statistical power for the anal
ysis of biochemical measures was increased by the en
larged sample size thanks to the inclusion of placebo re
sponders. 

All statistical tests were two-tailed. Statistical signifi
cance was set at the 0.01 level to account for multiple 
comparisons and to reduce Type I errors. Because of the 
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Table 2. Monoamines and Metabolites Plasma Levels (pmole/ml) at Baseline and after 6-Week 20-mg/ day and 60-mg/ day 
Selegiline Treatment (comparison by one-way repeated-measures ANOVA) 

High-Dose Selegiline 

Baseline Treatment 

n Mean± SD n Mean± SD 

DOPA 14 1,599 ± 622 14 1,273 ± 313 
DA 9 95 ± 91 9 103 ± 54 
DOPAC 14 1,730 ± 790 14 701 ± 310 
HVA 23 31 ± 9 23 19 ± 7 
NE 14 415 ± 153 14 396 ± 89 
DHPG 14 969 ::':: 150 14 373 ± 165 
NMN 14 1,476 ± 397 14 5,096 ± 2,017 
EPI 11 77 ::':: 64 11 69 ± 47 
MN 14 817 ::':: 258 14 2,253 ± 2,546 
5-HIAA 24 16 ::':: 5 24 15 ± 3 

NS, nonsignificant, p > .10. 

exploratory nature of the assessment of the relation
ships between behavioral and biochemical variables, a 
more stringent correction factor for multiple tests was 
not applied. Significances of up top = .10 are presented 
as trend levels. 

RESULTS 

Dose-Related Changes in Plasma Levels of 
Monoamines and Metabolites 

Plasma levels of monoamines and metabolites at base
line and during treatment are presented in Table 2. The 
mean ( ± SD) daily selegiline dose for the last week of 
treatment was 0.28 ± 0.05 mg/kg/ day for the low-dose 
and 0.79 ± 0.13 mg/kg/ day for the high-dose groups. 

Selegiline, at both low and high doses, produced sig
nificant changes in plasma levels of catecholamines and 
their metabolites: decreased level of monoamine pre
cursor: DOPA (14% decrease; df = 1,26; f = 10.67; p = 

.003); decreased levels of deaminated metabolites (MAO 

Low-Dose Selegiline 

Baseline Treatment 

p n Mean± SD n Mean± SD p 

.026 14 1,671 ± 623 14 1,444 ± 453 .057 
NS 9 87 ± 93 9 66 ± 47 NS 
.001 13 1,698 ± 831 13 996 ± 609 .011 
.000 24 36 ± 17 24 27 ± 12 .013 
NS 14 412 ± 157 14 473 ± 264 NS 
.000 14 981 ::':: 136 14 547 ::':: 231 .000 
.000 14 1,489 ± 382 14 3,724 ::':: 1,461 .000 
NS 11 71 ::':: 65 11 59 ± 35 NS 
.055 14 839 ± 247 14 1,234 ± 652 .008 
.079 25 16 ::':: 2 25 16 ::':: 3 NS 

activity) of DA and NE; DOPAC (46% decrease; df = 
l,25; F = 28.6; p < .0001), HV A (28% decrease; df = 1,45; 
F = 29.43; p < .0001), DHPG (54% decrease; df = 1,26; F = 

443.1; p < .0001); and increased levels of demethylated 
metabolites (COMT activity) of NE: NMN (57% increase; 
df = 1,26; F = 97.8; p < .001), and MN (117% increase; 
df = 1,26; F = 7.0; p < .02). All changes were greater in 
the high-dose group than in the low-dose group, and 
significantly so for levels of DHPG (p = .008) and at a 
trend level for HV A (p = .038). 

DA, NE, EPI, and 5-HIAA were not significantly al
tered by selegiline treatment. 

Correlations between Biochemical and 
Behavioral Variables 

Behavioral data are reported elsewhere (Ernst et al. 
1996). Baseline and means (± SD) of behavioral mea
sures for the high-dose and low-dose groups are pre
sented in Table 3. Briefly, significant reductions in se
verity of symptoms from baseline to end of treatment 

Table 3. Behavioral Measures at Baseline and after 6-Week 20-mg/ day and 60-mg/ day Selegiline Treatment 

High-Dose Selegiline Low-Dose Selegiline 

Baseline Treatment Baseline Treatment 

n Mean::':: SD n Mean::':: SD p n Mean± SD n Mean::':: SD p 

Conners 20 13.0 ± 3.1 20 10.0 ± 5.0 .008 21 12.5 ± 3.2 19 10.4 ± 3.9 .007 
CPT-hits 20 84.3 ± 20.4 17 89.6 ± 7.1 NS 18 85.2 ± 20.2 17 91.4 ± 6.5 NS 
CPT-lates 20 8.3 ± 17.5 17 2.8 ± 3.0 NS 21 7.7 ± 17.2 17 2.2 ± 2.3 0.90 
CPT-incorr 20 7.0 ± 18.5 19 1.8 ± 2.9 NS 21 6.6 ± 20.6 19 1.8 ± 2.9 NS 
CPT-RT 20 50.3 ± 11.l 17 44.8 ± 6.4 NS 21 48.6 ± 9.2 17 44.5 ± 7.1 NS 

NS, nonsignificant, p > .10. 
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were shown in the low-dose and high-dose selegiline 
groups. However, these changes were not significantly 
different from the nonsignificant decreases occurring 
during placebo condition. Analyses of the behavioral 
data in relation to biochemical variables were con
ducted in the subsample of 24 subjects who continued 
to meet the study entry criteria at the end of the initial 
2-week placebo baseline. 

Baseline Biochemical and Baseline Behavioral Mea
sures (Table 4). Only the noradrenergic indices and none 
of the dopaminergic ones were associated with behavioral 
variables. Lower baseline NE levels correlated with better 
CPT performance at baseline on CPT-hits (n = 10; r = 

-0.78, p = .006), CPT-lates (n = 10; r = 0.77, p = .006), and 
at a trend level on CPT-RT (n = 10; r = 0.70, p = .021). In 
addition, there was a trend for lower baseline NMN lev
els that can be associated with lower symptom severity 
at baseline on Conners'-ATRS (n = 10, r = 0.55, p = .10). 

Baseline Biochemical Measures and Changes in Behav
ioral Variables (Table 4). In the high-dose group, for 
noradrenergic measures, higher NE levels at baseline 
correlated with CPT performance improvement after 
selegiline treatment on all CPT variables (CPT-hits n = 
9, r = 0.83, p = .004; CPT-lates: n = 9, r = -0.79, p = 
.008; CPT-RT: n = 9, r = -0.79, p = .009), except for 
CPT-incorr (n = 9, r = -0.41, p = .30). For dopaminer
gic measures, lower DOP AC and HV A baseline levels 
tended to correlate with improvement on the Conners' 
ATRS (DOP AC: n = 10, r = 0.60, p = .067, and HV A: n = 
19, r = 0.44, p = .061). For serotoninergic measure, base
line 5-HIAA was not associated with behavioral changes 
during high-dose treatment. 

In the low-dose group, for noradrenergic measures, 
as with the high-dose group, higher NE levels at base
line predicted CPT performance improvement after sel
egiline treatment on all CPT variables (CPT-hits: n = 8, 
r = 0.77, p = .02; CPT-lates: n = 8, r = -0.82, p = .Ol; 
CPT-RT: n = 8, r = -0.79, p = .017) except CPT-incorr 
(n = 8, r = -0.15, p = .73). Lower MN baseline levels 
tended to predict improvement on CPT performance 
(CPT-RT: n = 8, r = 0.73, p = .030). For dopaminergic 
measures, none of the baseline measures were associ
ated with behavioral changes at low-base selegiline. For 
serotoninergic measure, baseline 5-HIAA was not as
sociated with behavioral changes during low-dose 
treatment. 

Biochemical Changes and Behavioral Changes during 
Selegiline Treatment (Table 4). In the high-dose group, 
changes in noradrenergic measures were defined by 
the magnitude of decreases in NE level, which tended 
to be associated with improvement on CPT perfor
mance (CPT-hits: n = 9, r = 0.70, p = .03; CPT-RT: n = 9, 
r = 0.67, p = .049; CPT-lates: n = 9, r = 0.70, p = .034). 
For changes in dopaminergic measures, the degree of 

increases in HV A level was associated with improve
ment on Conners' ATRS (n = 16, r = -0.73, p = .0008). 
There was a similar trend for DOP AC levels (n = 10, r = 
-0.54, p = .10). As far as changes in serotoninergic mea
sures were concerned, levels of 5-HIAA tended to decrease 
with reduction in CPT-RT (n = 16, r = 0.45, p = .084). 

For the low dose group, changes in noradrenergic 
measures were characterized by a trend for NE levels to 
decrease with CPT improvement (NE* CPT-incorr: n = 
8, r = 0.64, p = .093). Changes in dopaminergic mea
sures were characterized by the magnitude of increases 
in DOPA levels, which tended to correlate with im
provement on CPT-RT performance (n = 8, r = 0.79, p = 
.018). Changes in 5-HIAA did not correlate with behav
ioral variables. 

For the combined low-dose and high-dose groups 
(the combined group was used for this analysis as both 
biochemical and clinical variables are affected by drug 
dosage, and the pooled sample provided greater statis
tical power) changes in noradrenergic measures re
vealed that the magnitude of reductions in NE, NMN, 
and MN levels tended to be associated with CPT im
provement (ranges: n = 14-17; r = 0.55-0.45; p = .02-.07). 
Changes in dopaminergic measures were characterized 
by the magnitude of reductions in DA levels, which 
tended to be associated with CPT improvement (CPT
RT: n = 12; r = 0.58; p = .046). As far as serotoninergic 
changes were concerned, the extent of reductions in 
5-HIAA plasma levels was associated with CPT im
provement (CPT-RT: n = 30; r = 0.50; p = .007) and also 
tended to be associated with reduction of symptom se
verity on the Conners'-ATRS (n = 33; r = 0.32; p = .071). 

DISCUSSION 

Plasma monoaminergic measures to assess cerebral neu
ronal activity and to understand the mechanism of ac
tion of psychotropic drugs should be used with caution 
because they reflect both peripheral and central metab
olism. However, considerable data from studies in ani
mals and humans indicate that MAOis in general and 
selegiline specifically alter many biochemical measures 
in a similar way centrally and peripherally (Murphy et 
al. 1981; Sandler 1982; Kopin 1985; Celada et al. 1990). 

Selegiline produced the expected changes in monoam
ine metabolites, that is, it decreased deaminated metab
olites (DOP AC, HV A, DHPG) through direct inhibition 
of MAO enzymes and increased demethylated metabo
lites (NMN and MN) as the alternate COMT pathway of 
monoamines metabolism. At high dose of selegiline 
treatment, the order of magnitude of DHPG and HV A 
reductions (62% and 39%, respectively) was consistent 
with that reported in the cerebrospinal fluid (CSF) fol
lowing 60 mg/ day treatment with selegiline in de-
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pressed elderly patients (51 % and 21 %, respectively) 
(Sunderland et al. 1994). Of interest is the significantly 
stronger influence of high-dose treatment on HV A and 
DHPG plasma levels compared to low-dose treatment. 
In fact, all other biochemical measures showed larger 
changes with high-dose treatment, but not to a statisti
cally significant degree. The increased NMN and MN 
mirrored the changes of DHPG and reflected the com
pensatory shift to the COMT pathway of NE and EPI 
metabolism. In fact, COMT reserve activity offset the 
loss of the deamination process, as evidenced by the ab
sence of significant increase of DA, NE, and EPI. 

Dopaminergic Activity and ADHD Behavior 

Baseline ADHD severity and CPT performance were in
dependent of baseline dopaminergic measures. This 
finding is consistent with the absence of differences of 
HV A CSF levels between ADHD and normal controls 
in adults (Reimherr et al. 1984) and in children (Shetty 
and Chase 1976). However, reports in the literature are 
discordant. Lower CSF levels of HV A were reported in 
children with ADHD than in controls (Shaywitz et al. 
1977), whereas higher CSF levels of HV A were found to 
be associated with worse hyperactivity in children with 
ADHD (Castellanos et al. 1994). These discrepancies 
may reflect differences in sample characteristics and 
methodologies. 

With regard to the relationship of baseline dopamin
ergic function and changes in behavior produced by 
MAOI, lower levels of the deaminated DA metabolites 
(HV A and DOP AC) tended to predict improvement in 
behavior on Conners'-ATRS during high-dose sele
giline treatment. This finding is consistent with the re
port by Reimherr et al. (1984) of a trend for an associa
tion between high HV A CSF levels and lack of response 
to methylphenidate treatment in adults with ADHD. 
However, opposite results also have been found in 
ADHD children where higher baseline CSF HV A pre
dicted improvement in hyperactive behavior during 
stimulant treatment (Castellanos et al. 1996). Compari
sons of findings of biochemical and behavioral associa
tions during studies of stimulants and studies of 
MAOis call for caution because of the differences in the 
pharmacological mechanisms of action of these agents 
and in the types of biological (CSF vs. plasma) and clin
ical samples (age, comorbidity). Low baseline levels of 
HV A may reflect either less availability of intracellular 
DA to be degraded by MAOs or reduced MAO activity. 
Our finding would suggest that ADHD individuals 
with low DA tone at baseline benefit more substantially 
from treatments that increase DA activity. The absence 
of correlation between HV A and behavior at baseline 
may indicate the heterogeneity of the pathophysiology 
of ADHD, or various individual sensitivity to or com
pensatory mechanisms for low DA activity. 
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Finally, the smaller the HV A reductions following 
high-dose selegiline treatment, the more improved 
ADHD symptoms on the Conners'-ATRS. This finding 
actually reflected larger inhibition of HV A synthesis in 
subjects with higher HV A baseline levels [HV A (base
line) * HV A (changes): r = -0.80, p < .0001]. Again, 
subjects with high HVA baseline levels (and large sele
giline-related HV A reductions) did not improve as 
much as those with low HVA baseline levels (and small 
selegiline-related HVA reductions). Shetty and Chase 
(1976) reported the opposite in children treated with 
dextroamphetamine (i.e., larger reductions in HV A CSF 
levels predicted greater improvement during stimulant 
treatment). However, the authors did not provide mea
sures of association between baseline and treatment
related changes of HV A CSF levels. Comparison of 
findings between CSF and plasma studies should be 
made with caution. 

Associations between behavioral changes and dopam
inergic activity emerged during selegiline treatment 
only at high dose and not at low dose. This fact suggests 
that the powerful inhibition of DA deamination and the 
resulting enhanced dopaminergic activity are necessary 
to affect behavior or that the interaction of the inhibi
tion of both MAO-B and MAO-A is more effective on 
behavior. 

Of interest, the association of dopaminergic indices 
were with overall ADHD symptom severity (Conners' -
ATRS), and not with performance on the attention task. 
This finding differs from the association of noradrener
gic activity with CPT performance and not with overall 
ADHD severity. 

Noradrenergic Activity and Attention 

In contrast to findings from previous reports that used 
monoaminergic concentration levels in the CSF (Shay
witz et al. 1977; Castellanos et al. 1996) and in 24-hour 
urine (Zametkin et al. 1984) of children with ADHD, 
noradrenergic indices were significantly associated with 
measures of attention in the present study (i.e., higher 
baseline plasma NE predicted worse performance on 
CPT at baseline and better improvement during treat
ment). However, our result is consistent with reports of 
significant correlations between urinary and plasma 
MHPG levels with behavioral improvement during de
sipramine treatment of ADHD children (Donnelly et al. 
1989). ADHD children also have been shown to have 
lower urinary MHPG than controls (Shekim et al. 1979; 
Yu-Cun and Yu-Feng 1984). This discrepancy can be ex
plained by the model discussed by Dienstbier (1989) in
dicating that good performance on cognitive tasks de
pended on both low basal levels of catecholamines 
(consistent with our findings) and high acute releases of 
catecholamine during the tasks (not tested herein). The 
contribution of NE plasma concentration to behavioral 
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measures seemed to be independent of dopaminergic 
activity, as baseline NE did not correlate with any of the 
dopaminergic indices. This finding suggests a norad
renergic role in ADHD pathophysiology already pro
posed in earlier reports (Zametkin and Rapoport 1987; 
Mefford and Potter 1989; Shenker 1992). In fact, con
verging evidence from research with animals (Segal and 
Bloom 1976; Aston-Jones et al. 1984; Pineda et al. 1989) 
has indicated that the locus coeruleus plays a central 
role in attention and contributes to the brain's signal-to
noise ratio in the processing of afferent signals. 

Serotoninergic Activity and ADHD 

The decreased plasma levels of the serotonergic deami
nated metabolite 5-HIAA during selegiline treatment 
correlated with selegiline-related improvement of at
tention on CPT in the pooled low-dose and high-dose 
groups and tended to correlate with a reduction of 
symptom severity on the Conners'-ATRS during high
dose selegiline treatment. This association was inde
pendent of dopaminergic and noradrenergic activities 
as baseline 5-HIAA did not correlate with any of the 
dopaminergic or noradrenergic indices (not reported in 
the results). This finding suggests a role of the sero
toninergic system in ADHD symptomatology, despite 
the paucity of such evidence in the literature (Reimherr 
et al. 1984; Shetty and Chase 1976; Irwin et al. 1981; 
Rapoport et al. 1974; Weizman et al. 1988). The associa
tion of changes in ADHD behavior with plasma levels 
of 5-HIAA may support the role of serotoninergic activ
ity reported in impulsivity (Soubrie 1986). 

CONCLUSION 

In summary, selegiline treatment produced dose-depen
dent changes of monoaminergic plasma levels. Associa
tions of behavioral variables were found with dopamin
ergic, noradrenergic, and serotoninergic biochemical 
measures. These findings support the model of a multi
system dysfunction underlying ADHD pathophysiol
ogy (Mefford and Potter 1989; McCracken 1990; Pliszka 
et al. 1996). Furthermore, some degree of specialization 
in the role of the various neurotransmitter systems in 
behavior also is suggested by this study: low dopamin
ergic tone could mediate overall symptom severity, ab
normal noradrenergic tone impairment in attention, 
and serotoninergic activity impulsivity. 
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