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Objective: The authors’ goal was to determine potential he-
modynamic consequences of methylphenidate on functional
magnetic resonance imaging (MRI) blood-oxygen-level-depen-
dent (BOLD) contrast.

Method: BOLD and perfusion changes were recorded from the
motor cortex of six healthy subjects while they performed flex-
ion-extension movements of the right index finger (finger tap-
ping) at varying rates before and after oral methylphenidate ad-
ministration.

Results: Functional MRI signals increased monotonically with
faster movement rates. Subjects’ heart rates increased modestly
after methylphenidate administration, but no changes in finger
tapping performance or functional MRI signals were observed.

Conclusions: Methylphenidate does not alter BOLD neural-he-
modynamic coupling. Consequently, functional MRI can be
used to map neural systems that subserve cognitive operations
(e.g., attention and executive processes) in subjects taking me-
thylphenidate.

(Am J Psychiatry 2000; 157:1697–1699)

Methylphenidate, a psychostimulant that acts pri-
marily by releasing and inhibiting the reuptake of dopa-
mine (1), has been shown to enhance cognitive perfor-
mance in healthy subjects (2) and children with attention
deficit hyperactivity disorder (ADHD) (3). The neuro-
anatomical sites and mechanisms by which methylpheni-
date alters neural circuitry during performance of cogni-
tive tasks are not well understood. A functional magnetic
resonance imaging (MRI) study by Vaidya et al. (4) de-
monstrated that methylphenidate affects frontostriatal
activation differently in children with ADHD and healthy
children during performance of response inhibition tasks.

Functional MRI does not measure neural activity di-
rectly but relies on the hemodynamic coupling between
neural activity and regional changes in blood flow and
oxygenation. Most functional MRI studies are based on
endogenous blood-oxygen-level-dependent (BOLD) con-
trast. A number of drugs and other manipulations can po-

tentially disrupt this hemodynamic coupling. For exam-
ple, hypercapnia-related increases in resting blood
volume reduce the activation-induced BOLD response in
the primary motor cortex, although motor performance
and, presumably, underlying neural activity remain un-
changed (5). If the BOLD response is to be used to measure
drug-induced changes in neural circuitry, it is imperative
to demonstrate that the drug does not alter hemodynamic
coupling as well or have direct vasoactive properties, ei-
ther of which could lead to data misinterpretation.

To address this issue, we obtained brain images of
healthy subjects before and after oral administration of
methylphenidate. During each imaging series, the subject
performed a repetitive finger tapping task at different
rates in response to a metronome. We assume that con-
tralateral primary motor cortex neural activity is constant
with and without methylphenidate, leaving a relatively
pure examination of hemodynamic coupling in the BOLD
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response. To better understand changes in blood perfu-
sion, a pulsed arterial spin labeling technique was also ac-
quired, interleaved with the BOLD technique.

Method

The study was approved by the institutional review boards of
the Medical College of Wisconsin. Written informed consent was
obtained from six healthy, right-handed volunteers (two men and
four women; age range=20–45 years). Subjects performed flexion-
extension movements of the right index finger (finger tapping) at
rates of 1, 2, 3, 4, and 5 Hz in response to an auditory metronome.
Each imaging series contained 10 alternating activation and rest
epochs (24 seconds each). Tapping rate was constant within an
activation epoch; each rate occurred twice in pseudo-random or-
der within a series. Two series were obtained 10 and 0 minutes be-

fore oral administration of 20 mg of methylphenidate (0.2–0.4
mg/kg); six imaging series were collected every 10 minutes start-
ing 40 minutes after methylphenidate administration.

Functional MRI was conducted on a 3-tesla Bruker Biospec
scanner (Karlsruhe, Germany). A QUIPPS II pulsed arterial spin
labeling technique (6) provided a measure of perfusion. Arterial
spin labeling and BOLD time series were extracted by subtracting
(control minus tag) or averaging (control plus tag divided by 2)
consecutive images, respectively. These derived time series each
contained 120 images (TR=4 seconds). An 8-mm-thick axial slice
(3.75-mm2 resolution) centered 22 mm from the vertex of the
brain was selected as an optimal site for detecting functional ac-
tivity from the left primary motor cortex hand region. A T1-
weighted image (0.9-mm2 resolution) was acquired to derive
anatomical landmarks. Head motion was minimized during

FIGURE 1. MRI, Performance, and Physiological Measures During Finger Tapping at Varying Rates in Six Healthy Subjects
Before and After Methylphenidate Administration
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scanning with foam padding and during image registration after
processing (7).

Cross-correlation (8) was used to identify three primary motor
cortex voxels having the highest correlation with the activation/
rest cycles. For these voxels, mean percent signal change was cal-
culated as a function of tapping rate for each of the eight BOLD
and arterial spin labeling imaging series. The total number of pri-
mary motor cortex activated voxels (maximum=16) was defined
in a multiple regression model, where the addition of the regres-
sor for each movement rate contributed significantly to the fit
compared with a reduced model (t>3.02, df=118, p<0.003; Bonfer-
roni-corrected p=0.05).

To assess possible region-specific effects of methylphenidate
on perfusion, flow values were averaged over the entire time se-
ries for four regions (prefrontal, left and right sensorimotor, and
parietal) with the pre- and postcentral sulci as landmarks. Interre-
sponse intervals were recorded to verify subject performance.
Mean heart rate was recorded during each imaging series.

Results

As expected (8), tapping rate resulted in monotonic in-
creases in percent signal change within the three con-
tralateral primary motor cortex voxels for BOLD response
(A in Figure 1) (F=34.0, df=4, 20, p<0.0001) and arterial
spin labeling (B in Figure 1) (F=14.5, df=4, 20, p<0.0001).
No significant changes in BOLD response or arterial spin
labeling were observed across imaging series; rate-by-se-
ries interaction effects were nonsignificant. The number
of activated voxels increased significantly with tapping
rate (C in Figure 1) (F=24.0, df=4, 20, p<0.0001). A signifi-
cant change was observed across series (F=2.5, df=7, 35,
p=0.04); post hoc analyses indicated no significant differ-
ences between the second baseline series (0 minutes) and
any of the postmethylphenidate series. Regional perfusion
indexes (D in Figure 1) did not change across series. Inter-
response intervals (E in Figure 1) were unchanged, indi-
cating that subjects performed the task with equivalent
accuracy before and after methylphenidate. Heart rate (F
in Figure 1) declined from the first to second baseline se-
ries and gradually increased during the postmethylpheni-
date series (F=2.2, df=7, 35, p<0.06).

Discussion

These data suggest that, when task performance is
equated, a 20-mg oral dose of methylphenidate does not
alter activation-induced BOLD or relative blood flow re-
sponse changes. The superior contrast-to-noise ratio of
BOLD response relative to arterial spin labeling is evident
in the rate-response function of each measure (A versus B
in Figure 1). Dopaminergic terminals are found in many
cortical regions, including the prefrontal and motor re-
gions (9), and have been shown to directly modulate local
cerebral blood flow (10). Since methylphenidate raises lo-
cal dopamine concentration (1), a global or local effect on
cerebral perfusion or activation-flow coupling was possi-

ble. That no changes in either flow or BOLD signal were
seen suggests that enhanced extracellular dopamine lev-
els did not alter local neural-hemodynamic coupling. Our
negative result could not be attributed to the small num-
ber of subjects because power exceeded 80% to detect a
0.2% fluctuation in the BOLD signal across imaging series.

Taken together, these results support the use of func-
tional MRI to study the neural mechanisms and sites in-
volved in methylphenidate-induced cognitive changes.
The methods described in this paper may also serve as a
model for demonstrating the validity of functional MRI in
other pharmacological imaging investigations.
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