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Effects of Acute Stimulant Medication
on Cerebral Metabolism in Adults with

Hyperactivity

John A. Matochik, Ph.D., Thomas E. Nordahl, M.D., Ph.D., Michael Gross, M.D.,
William E. Semple, Ph.D., A. Catherine King, Robert M. Cohen, M.D., Ph.D.,

and Alan ]|. Zametkin, M.D.

Recent work in our laboratory has demonstrated both
global and regional reductions in cerebral glucose
metabolism in adult subjects with attention-deficit
hyperactivity disorder (ADHD). The purpose of the
present study was to examine the effects of an acute dose
of stimulant medication on cerebral metabolism in adults
with ADHD using positron emission tomography with
fluorodeoxyglucose-18 as the tracer. Each subject
underwent scanning twice, once off-drug and again after
receiving a single oral dose of either dextroamphetamine
(0.25 mg/kg) or methylphenidate (0.35 mg/kg). Subjects
completed behavioral self-report measures before and after

the scan and performed an auditory continuous
performance task during the tracer uptake period. Neither
drug changed global metabolism. Both drugs increased
systolic blood pressure, and dextroamphetamine improved
performance on the auditory attention task. Each
stimulant produced a differential pattern of increases and
decreases in regional metabolism throughout the regions
of interest that were sampled. Rather than increasing
glucose utilization in specific brain regions with lowered
metabolic rates in adults with ADHD, stimulants may
act by altering glucose use throughout the brain.
[Neuropsychopharmacology 8:377-386, 1993]
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Attention-deficit hyperactivity disorder (ADHD)
affects from 2% to 5% of school-age children (Barkley,
1981). Approximately 40% to 60% of these children con-
tinue to manifest symptoms of the disorder into adult-
hood (Gittleman et al. 1985; Kane et al. 1990; Weiss et
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al. 1985). Despite a large number of research studies,
consistent biologic differences between hyperactive
subjects and unaffected controls have been difficult to
establish. In an attempt to demonstrate reliable and
meaningful neurobiologic differences, we have utilized
the technique of positron emission tomography (PET)
of the brain with [8F]-2-fluoro-2-deoxy-D-glucose, a
radioactively labeled glucose analog, to measure cere-
bral metabolism. Recent work in our laboratory has
demonstrated both global and regional reductions in
cerebral glucose metabolism in adult subjects who had
been hyperactive from childhood (Zametkin et al. 1990).
Compared to controls, the largest decreases in metab-
olism occurred in the premotor and prefrontal cortex.
These brain areas are believed to be important in mo-
tor control and attentional processes (Mesulam 1986;
Wise 1985).
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The purpose of the present study was to assess the
effects of stimulant medication on brain metabolism in
ADHD subjects. We examined the hypothesis that treat-
ment with an acute dose of stimulant medication might
normalize the reduced brain metabolism of ADHD sub-
jects (Zametkin et al. 1990). Psychostimulant treatment
has been effective in the treatment of adults diagnosed
with ADHD (Wender et al. 1985) as well as school-age
children (Barkley 1977). The class II (controlled) cen-
tral nervous system stimulants, dextroamphetamine
and methylphenidate, have become the drugs of choice
in clinical management (DuPaul and Barkley 1990). We
studied both stimulants because clinical experience has
suggested that some subjects will respond unfavora-
bly to one drug but favorably to another. Despite their
efficacy, the neurobiologic mechanisms whereby these
drugs enable both children and adults to maintain at-
tention for longer periods of time are not fully under-
stood. To evaluate the effects of stimulants on cerebral
metabolism in adults with ADHD, two experiments
were conducted in which each subject underwent two
PET scans, one scan before receiving drug (off-drug)
and the second after administration of an acute dose
of either dextroamphetamine or methylphenidate.

METHODS

This research was approved by the Human Subjects
Protection Committee of the National Institute of Men-
tal Health and the Radiation Safety Committee of the
National Institutes of Health. Informed consent was ob-
tained from all subjects in the study.

Subjects

A total of 27 adult outpatients were selected to partici-
pate in this study. In experiment 1, the metabolic effects
of an acute dose of dextroamphetamine were compared
to the off-drug condition in 13 subjects. Fourteen other
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subjects were studied in experiment 2, before and after
an acute dose of methylphenidate. The following
criteria had to be met for inclusion in the study: DSM-
III-R diagnosis of ADHD (APA 1987); Utah criteria for
attention-deficit disorder in adulthood (Wender et al.
1981, 1985); a definite childhood history of attention-
deficit disorder with hyperactivity; and no history of
other major psychiatric disorders, including alcohol or
substance abuse problems.

The presence and severity of other psychiatric dis-
orders were assessed by the Schedule for Affective Dis-
orders and Schizophrenia (Endicott and Spitzer 1978)
and the Global Assessment Scale (Endicott et al. 1976),
both administered by a board-certified psychiatrist in
structured clinical interviews. A modified version of the
Conners Abbreviated Rating Scale (the Parent’s Rating
Scale; Wender et al. 1981), which measures severity of
hyperactivity, was completed retrospectively by par
ents of the hyperactive adults, by adults with hyperac-
tivity, and by their spouse or a close friend. All sub-
jects reported having considerable difficulty with both
restlessness and inattention. Twenty-three were right-
handed and four were left-handed. Demographic and
clinical profiles of subjects are shown in Table 1.

Stimulant Treatment

Stimulant treatment consisted of a single oral dose of
either dextroamphetamine sulfate (0.25 mg/kg) o
methylphenidate hydrochloride (0.35 mg/kg) adminis-
tered 90 minutes prior to glucose uptake. None of the
subjects were on medications for atleast 1 month prior
to beginning the study, and most had never been
treated with stimulant medications. Blood samples for
drug levels were drawn at 120 and 180 minutes after
drug administration. Plasma samples were separated
and stored at —80°C prior to assay by gas chromatog-
raphy. Vital signs (blood pressure and heart rate) were
recorded during the on-drug scan.

Table 1. Clinical and Demographic Profile of ADHD Subjects

Dextroamphetamine Methylphenidate

Characteristic (n = 13) n =149
Age (years) 368 + 5.1° 38.1 + 11.2
Sex (M/F) 9/4 11/3
Conners Rating Scale®

by parent 18.1 + 8.4 13.6 + 7.9

by self 16.6 + 43 155 + 4.9

by spouse/other 15.6 £ 7.5 155 + 6.3

7 Means + SD.

® On a scale of 0 to 30, with 30 indicating the most severe disorder. Scores >12 indicate hyperac-

tivity.
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Behavioral Task

An auditory continuous performance task (CPT) was
performed by all subjects during the on-drug and off-
drug PET scans. The task consisted of a computer-
generated series of 500-Hz tones of 1-second duration
and 2-second interstimulus interval, with intensities of
67,75, or 86 dB. Subjects were required to press a hand-
held response button (usually with the left hand) when
the lowest volume tone was detected through ear-
phones. Performance was measured by correct identi-
fications of target tone (hits) and incorrect identifica-
tions of distracting tones (false alarms). A total of 220
targets and 440 distractors were presented. The audi-
tory attention task was chosen because previous re-
search had localized its effects on cerebral metabolism
(Cohen et al. 1988) and to control for extraneous stimu-
lation and internal mental activity during the scan. All
subjects weretrained in the task to minimize the effects
of learning on metabolism.

Positron Emission Tomography

Subjects remained in the supine position with eyes cov-
ered during the scanning procedure. The subject’shead
was fixed in position by a hexalite plastic mask, which
was molded to the shape of the head and attached to
the scanner headrest. The CPT task was started sev-
eral minutes before intravenous injection of 4 to 5 mCi
(148 to 185 MBq) of ['8F]-2-fluoro-2-deoxy-D-glucose
and continued for 30 minutes during the uptake period.
Stimulant medication was administered 90 minutes
prior to glucose injection on the day of the on-drugscan.
Twenty-eight images or slices (four sets from seven
planes) were obtained from each subject, starting at 5
mm above the plane parallel to the canthomeatal line.
Scans were performed with a Scanditronix (Essex, MA)
scanner with 5- to 6-mm full-width half-maximum in
plane resolution and a interslice interval of approxi-
mately 3.5 mm. Prior to glucose injection, a transmis-
sion scan was performed to correct for attenuation.
Plasma radioactivity and glucose concentration were
calculated from blood samples obtained during the up-
take period and scan from a catheter inserted into the
radial artery (generally on the right side). The two PET
scans were performed 1 to 4 months apart with the or-
der of the scans counterbalanced as a control for order
effects.

After the scanning procedure, the level of anxiety
and mood during the scan and CPT task were rated by
the subject using the State-Trait Anxiety Inventory
(STAI) (Spielberger et al. 1970) and the Profile of Mood
States (POMS) (McNair et al. 1971). The POMS is a 65-
item adjective rating scale that has been factor analyzed
into six scales: tension-anxiety, depression-dejection,
anger-hostility, vigor-activity, confusion-bewilderment,
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and fatigue-inertia. The POMS analysis was based on
these six scales and one derived scale, arousal = (ten-
sion + vigor) — (fatigue + confusion), (de Wit et al.
1991; Johanson and Uhlenhuth 1980). A 28-item “How
[ Feel” questionnaire (see Rapoport et al. 1980) was com-
pleted by the subject before the on-drug scan and im-
mediately afterward to assess the effect of drug adminis-
tration.

Analysis of PET Images

Raw pixel values were converted to glucose metabolic
rates in milligrams of glucose per 100 grams of tissue
per minute using a modification (Brooks 1982) of the
Sokoloff operational equation (Phelps et al. 1979) and
a lumped constant of 0.418 (Huang et al. 1980). For ex-
traction of regional metabolic rates, 60 regions of interest
(ROIs) were measured in five standard transaxial planes
(Fig. 1). Plane A was characterized by the presence of
bilateral white-matter structures corresponding to a
horizontal section of the corona radiata above the level
of the corpus callosum. Plane B was selected at a level
above the body of the corpus callosum containing the
midcingulate region and bilateral white-matter strips.
Plane C contained the body of the corpus callosum.
Plane D was defined by the presence of the basal gan-
glia, internal capsule, and the thalamus. The lowest
plane, plane E, was selected as the plane below the main
basal ganglia plane which contained the lower frontal
and temporal lobes and the hippocampal gyrus. The
planes for analysis and the ROIs were selected by two
independent raters, blind to the identity and treatment
of the subject. Theregions of interest (rectangular boxes)
were placed on each subject’s image through neuroana-
tomic matching to a standard template (Clark et al. 1985)
which was based on the human brain atlas of Matsui
and Hirano (1978). Interrater reliability over the 60
regions is r = 0.95 (Pearson correlation).

Global glucose metabolic rate refers to the estimate
of the mean values for glucose metabolism from all the
gray matter-rich areas of the cortex that we sampled.
Regional glucose metabolic rates are averages of the nor-
malized values on metabolism from the ROIs. Normali-
zation was performed by dividing the absolute glucose
metabolic rate for the ROI by the global glucose meta-
bolic rate (region/global) for each subject. The ratio data,
which reduces the effects of individual variability on
regional metabolism, constituted the raw data for statis-
tical analysis.

Statistical Analysis

The data were analyzed by parametric statistical tests.
Comparisons of on-drug and off-drug differences were
evaluated by two-tailed paired ¢ tests. Corrections for
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Schematic representation of the ROIs sampled in the left and right hemispheres. Regions labeled as medial,

although sampled from the medial portion of the cortex, are represented when possible as incomplete boxes on the lateral
surface of the left hemisphere. Additional ROIs not pictured are left and right thalamus, caudate (head area), putamen (an-
terior and posterior regions), hippocampus, and the midcingulate region. Total number of ROIs = 60.

multiple comparisons (e.g., Bonferroni adjustments)
were not employed. Individual ¢ tests corrected for large
numbers of comparisons are relatively powerless to de-
tect real differences if they exist (i.e., increase in type
II errors). Given the difficulty and expense of obtain-
ing large sample sizes and the small differences ex-
pected compared to the variance generally obtained in
PET studies, we considered results with p < .05 statisti-
callysignificantin the present study. Due to the explora-
tory nature of this research, we did not consider it
appropriate to limit the number of brain regions investi-
gated (total number of comparisons = 60). Since the
probability of type I errors is not strictly controlled for,
some within-group differences may have resulted from
random factors. Because significant p values only indi-
cate that the differences were due to more than random
variation and the inherent power limitations of the pres-
ent study, the effect size was additionally calculated for
each ROl using Cohen'’s d statistic (Rosenthal and Ros-
now 1991). Effect size refers to the strength of the treat-
ment effect or alternatively, the degree of departure (or
distance) from the null hypothesis and thus, can be con-
sidered a measure of practical significance.

RESULTS
Experiment 1: Effects of Dextroamphetamine

Global Metabolic Rate. Because we were unable to
identify a satisfactory match for plane A in two sub-
jects, the global rate for subjects receiving dextroam-
phetamine was calculated from all the cortical regions

we examined in planes B through E. The normalized
region values were also based on the global metabolic
rate obtained from four planes instead of five. Compar-
ison of the off-drug and on-drug scans revealed no
difference in the rate of global metabolism (8.75 + 1.01
vs. 8.63 + 0.87 mg glucose/100 g tissue/min). Eight of
the subjects showed an insignificant decrease in me-
tabolism, whereas the other five tended to have slightly
higher rates during the on-drug scan.

Regional Metabolic Rate. With the individual ROIs
normalized (divided by global rate), metabolism of
sevenregions significantly changed (p < .05) in response
to dextroamphetamine treatment as depicted in Figure
2. The number of significant differences with dextroam-
phetamine are double what would be expected by
chance alone. Determination of the effect size on the
difference scoreforeach ROIrevealed a different meta-
bolic pattern. Based on a “large” effect size arbitrarily
defined as d greater than 0.80 (i.e., the means of the
twoconditions are separated by 0.8 standard deviations
or more), 16 brain regions including the seven areas
with significant p values met this criteria. Seven of these
regions had increased metabolism on-drug: anterior
medial frontal in plane (d = 1.00); right posterior fron-
tal (1.23), right anterior temporal (1.04), posterior tem-
poral (1.65), and middle temporal (1.00) in plane D; and
subcortical regions, right thalamus (0.86) and caudate
(1.49). The remaining nine regions had decreased meta-
bolic rates after drug administration: occipital (0.89) and
right rolandic areas (0.89) in plane B; left anterior fron-
tal (1.09) in plane C; left (1.28) and right (1.02) anterior
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Metabolic Effects of Dextroamphetamine

Left and Medial

Right

- Decrease on-drug - Increase on-drug

m o a = >

Brain regions where glucose metabolism changed in response to stimulant -

Region Off-drug On-drug P % Change

B plane -

right rolandic 0.978 +0.055  0.938 + 0.076 0.05 -41

C plane -

ant. medial frontal 0.958 + 0.036 0.991 + 0.048 0.05 +3.4

D plane -

left ant. frontal 1.031 + 0.067 0.990 + 0.046 0.01 -4.0

right post. temporal 0.891 + 0.095 0.949 + 0.087 0.01 +6.5

E plane -

right ant. frontal 0.997 + 0.098 0.915 + 0.093 0.01 -8.2

Additional regions -

right thalamus 0.969 + 0.151 1.036 + 0.118 0.05 +7.0 . . .

right caudate 0.958 + 0105  1.039 + 0.095 0.02 +8.5 Figure 2.  Regions of the brain where
glucose metabolism changed in response
to acute dextroamphetamine adminis-

means + SD tration.

frontal regions in plane D; and anterior medial frontal
(1.13), left (0.89) and right (1.45) anterior frontal, and
right posterior frontal (1.03) regions in plane E.

Behavior. AsshowninTable 2, subjectson-drug were
considerably more accurate on the CPT task, identify-
ing significantly more of the target zones (hits). There
were no differences in misidentifying the distracting
tones (false alarms). There were no differences related
to drug administration on the STAI or the POMS (Ta-
ble 2). Five of the 28 responses on the "How [ Feel’ ques-
tionnaire changed in relation to drug administration.
Subjects, after administration of an acute dose of dex-
troamphetamine, reported feeling less “worried” (p <
.02), “tired and slow” (p < .007), and “scared” (p < .007).
Improvement was also noted on questions related to
the current situation. Subjects noted they felt “things
were less likely to go wrong” (p < .02) or “happen un-
expectedly” (p < .03) during the scanning procedure.

Exploratory correlations between significant re-
gional metabolicchanges and changes in the behavioral
rating scales were performed using the Kendall's tau-b

rank correlation. Increased metabolism in the right
posterior temporal area of plane D was associated with
the following changes on the “How I Feel” question-
naire: less “worried” (tau = —0.48, p = .03), things were
“less likely to go wrong” (tau = —0.56, p = .02), or “hap-
pen unexpectedly” (tau = —0.45, p = .04).

Drug Levels. At 120 minutes following administra-
tion of a single oral dose of dextroamphetamine, the
mean plasma level was 44.0 + 7.9 ng/mL. One hour
later, at the end of the scan, the level was 47.7 + 11.2.

Vital Signs. Blood pressure (mm/Hg) and heart rate
(beats/minute) were recorded before administration of
the drug (0 min) and 90 and 120 minutes later. Systolic
pressure significantly increased after drug treatment
(F[2,22] = 16.52, p < .0001) with higher readings at 90
and 120 minutes (130 + 16 and 131 + 17, respectively)
than at baseline (115 + 15). The increases in systolic
pressure were not significantly correlated with changes
in regional metabolism. There was no change in di-
astolic pressure (0 minutes, 74 + 12; 90 minutes, 77 +



382 J.A. Matochik et al.

NEUROPSYCHOPHARMACOLOGY 1993—VOL. 8, NO. 4

Table 2. Behavioral Effects of Acute Stimulant Administration

Methylphenidate Dextroamphetamine
Behavior Off-drug On-drug p Off-drug On-drug P
CPT*
hits 158.1 (38.9) 152.2 (41.8) 0.5 172.2 (319) 200.5 (20.6) 0.01
false alarms 6.1 (4.9) 6.6 (5.8) 1.0 138 (19.8) 9.0 (124) 0.6
STAI 40.0 (8.7) 31.1(97.3) 0.02 34.8 (13.6) 33.8 (7.3) 0.8
POMS
tension 138 (7.7) 9.0 (8.4) 0.1 12.3 (5.1) 7.7 (5.5) 0.2
depression 76 (9.2) 3.0 (4.0) 0.08 5.3 (5.8) 2.2(29) 0.2
anger 5.0 (8.9) 1.2 (1.5) 0.2 2.7 (2.6) 1.2 (1.1) 0.1
vigor 135 (5.1) 16.5 (5.7) 0.1 11.0 (9.6) 13.5 (7.6) 0.07
confusion 8.4 (4.7) 5.9 (4.5) 0.1 71 (5.1) 6.0 (2.6) 0.7
fatigue 8.0 (5.4) 4.4 (45) 0.04 7.0 (4.9) 5.2 (35) 0.3
POMS total 29.3 (32.1) 6.6 (22.2) 0.04 23.4 (26.9) 8.8 (14.3) 0.2
arousal 109 (7.3) 15.2 (10.7) 0.2 92 (14.2) 10.1 (13.5) 0.6

7 Continuous performance task.
b Means (SD).

10; 120 minutes, 79 + 6) or heart rate (average value
67.6 + 1.2).

Experiment 2: Effects of Methylphenidate

Global Metabolic Rate. Administration of a single
oral dose of methylphenidate did not significantly al-
ter global metabolism. The global rate before drug ad-

ministration was 9.45 + 1.09 compared t09.07 + 1.45
on-drug. Five of the subjects had slightly higher rates
on-drug, whereas the remainder had very small de-
creases in metabolic rate.

RegionalMetabolic Rate. As pictured in Figure 3, glu-
cose metabolism in five brain regions changed signifi-
cantly (p < .05) in response to stimulant medication.

Metabolic Effects of Methylphenidate

Left and Medial

m o O 8 »

- Decrease on-drug

Right

>

m O 6 =

- Increase on-drug

Brain regions where glucose metabolism changed in response to stimufant:

Figure 3. Regions of the brain where
glucose metabolism changed in response
to acute methylphenidate administration.

Region Off-drug On-drug p % Change
B plane -

left post. frontal 1111+0063  1.184 +0.102 0.03 +6.6

left parietal 0.993 + 0.079 1.068 + 0.106 0.02 +7.5

C plane -

ant. medial frontal 1.007 + 0.094 0.916 + 0 083 0.003 -9.0

left parietal 1.000 + 0.045 0.937 + 0.071 0.005 -6.3

left par/occipital 0.845 + 0.071 0.793 £ 0.105 0.03 -6.2

means + SD
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Sixteen regions, however, had an effect size greater
than 0.80 including the five areas with significant p
values. Nine of the brain regions with large effect sizes
showed increased metabolic rates on-drug. These
regions were the left anterior (d = 1.14) and posterior
frontal (0.82) regions in plane A; the anterior medial
(0.87), left anterior (0.82), and posterior (1.34) frontal
areas, left (1.46) and right (0.83) parietal regions, and
theright rolandic (1.01) in plane B; and the subcortical
area, left posterior putamen (0.81). The other seven
regions had decreased rates of metabolism: in plane C,
the anterior medial frontal (2.02), occipital (0.97), right
parietal frontal (0.81), left (1.85) and right (1.01) pari-
etal, and the left parietal/occipital (1.38) regions; and
in plane E, the left temporal region (1.05).

Behavior. Asshown in Table 2, there were no differ-
ences in performance on the auditory attention task
(CPT) as related to stimulant treatment. In contrast to
the dextroamphetamine results, subjects receiving meth-
ylphenidate reported significant improvement on the
STAI and POMS rating scales (Table 2). All subscales
on the POMS showed a clear trend toward positive
affect, with the fatigue and total POMS scores
significantly different from the off-drug state. Similar
to "How I Feel” responses after administration of dex-
troamphetamine, subjects taking methylphenidate
reported feeling less “scared” (p < .03). Improvement
was also noted on questions related to the present situ-
ation. Subjects reported that things were less likely to
“get messed up” (p < .05), that “something bad might
happen” (p < .03), or that they were “not good at things”
(p < .04).

Decreased metabolism in the anterior medial fron-
tal region of plane C was correlated with feeling “less
scared” (tau = 0.58, p = .006) and that things were less
likely to “get messed up” (tau = 0.53, p = .01) on ques-
tions from the “"How I Feel” scale. None of the other
regional metabolic changes were correlated with changes
on the behavioral rating scales.

Drug Levels. The mean plasma level at 120 minutes
following drug administration was 12.3 + 6.2 and at
180 minutes, 8.9 + 4.0 ng/mL.

Vital Signs. Administration of an oral dose of methyl-
phenidate increased systolic blood pressure after 120
minutes (145 + 18) compared to baseline (124 + 14) and
90 minutes (133 + 14) (F[2,18] = 10.56, p < .0009). The
increase in systolic pressure at 120 minutes was cor-
related with changes in regional metabolism in only the
left parietal region of plane B (r = 0.66, p < .05). Di-
astolic pressure was also increased following drug treat-
ment (F[2,18] = 9.35, p< .002). Diastolic pressure read-
ings at 90 minutes (89 + 7) and 120 minutes (91 + 10)
were higher than at baseline (81 + 7). There was no
change in heart rate (average value 74 + 2).
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DISCUSSION

Changes in cerebral glucose metabolism after adminis-
tration of a single dose of either dextroamphetamine
or methylphenidate were investigated in the present
study. These two commonly prescribed stimulants for
the clinical management of ADHD had no effect on
global metabolic rates, but had differential effects on
regional metabolism and behavior. The acute drug lev-
els for both dextroamphetamine and methylphenidate
resulted in increased systolic pressure in all subjects,
which is consistent with the expected changes in auto-
nomic function due to stimulant medication. Thus we
are confident that the drug levels obtained were ade-
quate to observe possible metabolic changes at a clini-
cally relevant dose.

Effects of Dextroamphetamine

Results from experiment 1 show no reduction in global
or overall metabolism as a result of dextroamphetamine
administration. These findings are in contrast to an ear-
lier PET study (Wolkin et al. 1987), which reported small
decreases in glucose utilization overall, as well as in six
brain regions in adult schizophrenics. Also, several
studies measuring cerebral blood flow in different sub-
ject populations have not found statistically significant
global reductions after amphetamine administration
(Daniel et al. 1991; Kahn et al. 1989; Mathew and Wil-
son 1985), although thereis a trend toward global reduc-
tion. The human results are in contrast to the majority
of findings in animal studies. Acute amphetamine ad-
ministration in rats, for example, has produced diffusely
increased blood flow and metabolism (Berntman et al.
1978; Porrino et al. 1984; Wechsler et al. 1979). The ap-
parent differences between human and animal experi-
ments may be related in part to the larger doses given
toanimals. In the study by Wolkin et al. (1987), the dose
of amphetamine was about twice the dose level used
in the present study.

The effects of acute doses of amphetamine on re-
gional metabolism have not revealed a consistent pat-
tern. One possible explanation is the use of activation
tasks in some studies and not in others. In a recent ab-
stract (Metz et al. 1991), none of the 20 brain regions
studied in normal adults performing a visual monitor-
ing task showed a significantchange afteramphetamine
treatment. Wolkin et al. (1987) reported significant
decreases in glucose utilization in six brain regions (left
and right frontal, temporal, and striatal areas) of adult
schizophrenics. In the striatum, our ROIs measure
separately the head of the caudate and the putamen,
whereas the Wolkin study (1987) combined these areas
for measurement. For the right caudate, we found a
significant increase rather than a decrease in metabo-
lism on-drug. Dextroamphetamine increases metabo-
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lism in the caudate nucleus and other nuclei in the basal
ganglia and extrapyramidal system in rats (Porrino et
al. 1984; Wechsler et al. 1979). In plane D, we found
decreases in the left and right anterior frontal regions,
and also the left anteriorfrontalregion in plane C. These
are regions that are similar to Wolkin’s (1987). Only one
of these areas (left anterior frontal) was statistically
significant, but all three areas had effect sizes over 1.00.
Recently, increases in cerebral blood flow were seen in
the left dorsolateral prefrontal area during performance
on the Wisconsin Card Sort Test when amphetamine
was given to adult schizophrenics (Daniel et al. 1991).
With amphetamine, the ADHD adults in our study
showed noted improvement on the CPT in identifying
the target zone. We found a significant metabolic in-
crease near the medial frontal cortex, which is increased
in normal subjects performing this task (Cohen et al.
1988). However, otherregions that are increased in nor-
mal subjects performing the CPT were decreased in the
adults with ADHD by drug administration: left anterior
frontal in plane C and the right anterior frontal region
in plane D.

As noted above, the oral dose of dextroamphet-
amine improved performance on our measure of atten-
tion. On-drug, the adults with ADHD correctly iden-
tified more of the target zones with the number of hits
similar to normal subjects in earlier studies (Cohen et
al. 1988). No improvement in the level of anxiety or
mood was evident. The only subscale on the POMS that
showed a trend toward improvement on-drug was the
vigor-activity dimension. On-drug, the level of vigor-
activity increased, which is consistent with an earlier
study (Mathew and Wilson 1985) that reported a
significant increase after an acute dose of dextroam-
phetamine.

Effects of Methylphenidate

Few studies have investigated the effects of methyl-
phenidate on cerebral metabolism and blood flow de-
spite the clinical efficacy of this drug. We found no
change in the global rate of glucose utilization after an
acute dose of methylphenidate. Three of the four
regions that had decreased metabolism compared to
normal controls in the earlier study (Zametkin et al.
1990) using normalized values were increased in the
present study. The regions with increased metabolism
were the left posterior frontal region in plane A, the
anterior medial frontal and left anterior frontal regions
in plane B, and although they had effect sizes over 0.8,
they did not reach statistical significance. One hypoth-
esis of the efficacy of psychostimulants is that they may
act by producing functional activity in brain regions with
low glucose use in subjects with ADHD. The small sam-
ple size and large variance of the measures necessitates
the use of effect size or treatment magnitude statistics
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to discern possible findings that may be important, a
though not statistically significant.

In rats, acute methylphenidate increases metabo-
lism in the extrapyramidal system (Porrino et al. 1987)
with reductions observed in the motor cortex (Bell et
al. 1983). Blood flow studies in children with ADHD
and other neurologic disorders have shown reduced
flow in the anterior medial frontal regions and the head
of the caudate nucleus (Lou et al. 1984, 1989). These
studies suggested that blood flow in the caudate region
may be increased by methylphenidate treatment. In the
present study, we did not find an increase in glucose
use in the left or right caudate after acute administra-
tion of methylphenidate.

In contrast to the effects of dextroamphetamine, our
particular sample of adults with ADHD given a single
dose of methylphenidate did not improve their perfor-
mance on the auditory attention task as measured by
the number of correct identifications. Their scores were
lower, both on- and off-drug, than adults given dex
troamphetamine on this simple measure of attention.
Significant improvement, however, was noted on self-
report measures of anxiety and mood completed after
the scanning procedure.

Comparison of Dextroamphetamine
and Methylphenidate

Although the purpose of the present study was to com-
pare each stimulant to its control condition, some pre-
liminary comparisons between stimulants can be made.
The two stimulant medications produced different
regional metabolic patterns with both increases and de-
creases throughout the ROIs that we measured. In con-
trast, acute administration of cocaine, a widely abused
psychostimulant, has been shown to reduce glucose
metabolism globally and in several brain regions (Lon-
don et al. 1990). Analysis of those regions in the pres
ent study with effect sizes of at least 0.8 reveals a pat-
tern of effects not easily observed by looking at
significant p values. Methylphenidate action on metab-
olism is primarily in the middle and superior cortical
areas (planes A, B, and C); whereas dextroamphet-
amine action is more pronounced in the inferior corti-
cal areas (planes D and E) that we sampled. This casual
analysis suggests the hypothesis that these two sym-
pathomimetic drugs may be acting by different neural
mechanisms to affect changes in physiology and be-
havior. This observation is supported by studies dem-
onstrating differential effects of stimulants on urinary
catecholamine excretion (Zametkin et al. 1985) and the
observed clinical phenomenon of differential sensitiv-
ity of individual children to either dextroamphetamine
or methylphenidate. The two stimulant drugs also differ
in their mechanisms for stimulating the release of dopa-
mine (McMillen 1983). Methylphenidate (and cocaine)



NEUROPSYCHOPHARMACOLOGY 1993—VOL. 8, NO. 4

promotes the release of dopamine from vesicular stor-
age pools that are reserpine-sensitive, whereas am-
phetamines release dopamine from reserpine-insensi-
tive pools that are dependent on newly formed amine.
Both drugs, for example, could alter the ratio of dopa-
mine to norepinephrine without changing global me-
tabolism and still have specific regional effects.

Implications for ADHD

The dinical literature suggests that psychostimulant
treatment is effective in the management of adults and
children with ADHD. Acute treatment of ADHD adults
with dextroamphetamine or methylphenidate in the
present study did produce changes in regional glucose
metabolism and behavior which may underlie the clin-
ical effect. Our initial hypothesis that stimulants may
work by increasing glucose utilization in specific brain
regions that have low metabolic rates in ADHD adults
isnotsupported by the present results. Rather, stimu-
lants may act by a widespread pattern of increases and
decreases in glucose utilization throughout the brain.
Methylphenidate did increase metabolism in three of
the four regions that previously werefound tohavelow-
ered metabolism (Zametkin et al. 1990). However, the
mechanisms of stimulant drug action in ADHD are still
dusive. Because both hyperactive subjects and normal
controls respond in similar ways to stimulant treatment,
the site of therapeutic action may not be the same as
the neural substrates of the disorder. Stimulant treat-
ment for ADHD generally involves chronic adminis-
tration, that is, daily doses. Interestingly, studies in rats
suggest that amphetamine may be more effective in
increasing metabolism in subcortical structures by
chronic, rather than acute, administration (Eisson et al.
1981; Orzi et al. 1983). Studies are currently in prog-
ress using PET to investigate metabolic changes in re-
sponse to clinically adjusted chronic doses of dextroam-
phetamine and methylphenidate.
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