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Functional brain imaging is a powerful tool for examining the
central nervous system (CNS) response to pharmacologic chal-
lenges. Amphetamine is of interest both because of its role as a
stimulant of the dopaminergic system and because of its use to
alter mood in mood-disordered patients, particularly in patients
suffering from depression. In this study, we report the effects of
oral d-amphetamine relative to placebo on regional cerebral
blood flow (rCBF) measured by SPECT in healthy volunteers to
characterize the normal CNS response to this primarily dopa-
minergic stimulant. Methods: SPECT was used to assess
changes in rCBF induced by amphetamine in 16 healthy volun-
teers. Subjects received placebo and then 0.4 mg/kg oral am-
phetamine in a fixed-order single-blind design and were imaged
on a triple-head tomograph. Another six healthy volunteers
received placebo at both times to assess normal rCBF variabil-
ity. rCBF changes were assessed with a three-dimensional
voxel-based analysis integrated into an automated coregistra-
tion system. Data were automatically normalized to whole-brain
counts and coregistered. Resultant rCBF changes were evalu-
ated parametrically through the formation of an image whose
voxel values were based on the paired t statistic. Results:
Amphetamine increased rCBF in two mesial prefrontal zones
(Brodmann’s areas 8 and 10), inferior orbital frontal lobe (area
11), brain stem (ventral tegmentum), anteromesial temporal lobe
(amygdala), and anterior thalamus. Amphetamine decreased
rCBF to motor cortex, visual cortex, fusiform gyrus, posterolat-
eral temporal lobe, and right lateral temporal lobe. Conclusion:
Our data suggest that amphetamine induces focal increases
and decreases in rCBF in healthy volunteers in areas primarily
innervated by dopamine pathways and in areas with secondary
(primarily limbic) affiliations. These data are consistent with
glucose metabolic data from autoradiographic studies in ani-
mals, in which the largest increases are seen in brain stem,
followed by striatum, thalamus, and frontal and sensory corti-
ces. Frontopolar and temporal increases observed in our study
appear to be unique to humans.
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Functional or biochemical central nervous system (CNS)
pathology has historically been inferred by measurements of
precursors or metabolites in cerebrospinal fluid, plasma,
platelets, or urine under resting conditiorly. (However,
passive measurement strategies have been successfully sup-
plemented by pharmacologic, motoric, or cognitive chal-
lenge studies in which the CNS is perturbed and its chem-
ical, psychologic, or endocrinologic response is measured.
In vivo challenge studies, together with in vitro neurochem-
ical results, have provided clues to the possible locus and
nature of various CNS abnormalities. These strategies may
help to differentiate within and among disorders affecting
the CNS and to establish the biologic profiles of diagnostic
subtypes.

CNS changes during an amphetamine challenge may be
particularly informative because dopaminergic, noradrener-
gic, and serotonergic mechanisms have been implicated
both in the action of amphetamines and in several psychi-
atric disorders, including depression and schizophrenia.
Amphetamine has already been used as a challenge test in
the study of depression to determine behavio2als( and
neuroendocrine 6,7) responses and to predict treatment
responseq&,9). Amphetamine has also been used in schizo-
phrenic patients to determine behavioral respon8e4(,
neuroendocrine responsekl), responses to psychothera-
peutic agents 12-149, and the probability of relapse
(11,15.

Simultaneous with the emergence of challenge strategies
in psychiatric research, in vivo imaging of brain function by
SPECT or PET has provided evidence, with neuroanatomic
specificity, of abnormal CNS function in most psychiatric
disorders 1{6—17. Maturation in the technology of SPECT
regional cerebral blood flow (rCBF) imaging has substan-
tially expanded the potential for complex, detailed studies
of brain function. New tomographs (including that used for
these studies) produce three-dimensional rCBF images of 6-
to 8-mm spatial resolution. Developments in image analysis
now permit routine coregistration of image sets created
under different conditions in a single subject or of images
from groups of subjects. Such techniques in combination
with voxel-based statistical analyses fhages” or z im-
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ages”) greatly enhance the assessment of change in fuifted-order design. This approach, rather than a double-blind ran-
tional images and the diversity of information derivabl@om-order design, was chosen so that the subjects would not be
from challenge experiments. SPECT also has the advant&jée of whether placebo or amphetamine was being administered

of snapshot radiopharmaceuticals that permit tracer admfifid to simultaneously ensure that any lasting effects of amphet-

istration remote from the scanner in an environment whefg!ine could not affect the placebo images. . .
The subjects were first seated in a dimly lit room with their eyes

visual, audltor_y, and somatose_nsory stimuli can be Cogﬁd ears open. Then, a 22-gauge Quik-Cath needle (Baxter Health-
trolled or manipulated for experimental purposes.

. . . care Corp., Deerfield, IL) was inserted into a forearm vein (non-
~ Itiis thus a natural course to combine functional braifominant arm) and connected to polyethylene tubing extending
imaging by PET or SPECT with pharmacologic challengesytside the subject's field of view for remote administration of
in the study of CNS disorders. In this study, we report th@diotracers. A slow intravenous drip of normal saline was used to
effects of a 0.4 mg/kg oral dose of d-amphetamine relativeaintain an open vein. After a 10-min accommodation period,
to placebo on rCBF measured by SPECT in healthy voluhaseline vital signs were obtained. rCBF tracers were administered
teers to characterize the normal CNS response to the 48-min after placebo or amphetamine. Tracer administration was
ministration of d-amphetamine. specifically timed to occur at peak motor and cognitive responses
to amphetamine3(6,10. Scanning occurred in the last 40 min of
the experimental period.
MATERIALS AND METHODS One-Day ProtocolFor the 1-d, dual-isotope protocol, oral pla-
Subjects cebo was given after baseline measures, with the subject unaware

Twenty-two healthy volunteers (14 men, 8 women; age rang@ which compound was being givel{™c-hexamethylpropylene
24-40y) provided written informed consent for this investigatiogMine oxime (HMPAO; 740 MBq) was injected 75 min later.
according to the guidelines of the Institutional Review Board dkmphetamine was given at 95 min, and IMP (111-222 MBq) was
the University of Texas Southwestern Medical Center. They wetgected 75 min after amphetamine administration. At 20 min after
part of a large healthy control pool maintained by the MentdMP, the intravenous line was removed and the subject was posi-
Health Clinical Research Center recruited by advertising and §gned supine in the scanner (PRISM 3000S, Picker, Cleveland,
word of mouth. The subjects were evaluated medically, with @H). Dual-isotope SPECT scanning ensued for 40 min. Final vital
thorough review of medical systems and laboratory screening te$i§ns were obtained after scanning. The dual-isotope technique,
including complete blood cell count with differential; urinalysisdescribed in detail by Devous et al9,20, permits simultaneous
microscopic urinalysis; T3, T4, and T3-RIA; SMA 20; and toxiimaging of the distribution 0f*"Tc-HMPAO and *?4-IMP to
cology screens. Subjects were excluded if they had a history pnitor changes in rCBF occurring after the initial tracer injection.
significant head trauma, loss of consciousness, seizure disordefWo-Day ProtocolFor the two-day single-isotope protocol, the
transient ischemic attacks, or other significant neurologic disordété! placebo was given after baseline measures as described above.
or major medical disorders (e.g., hypertensive, cardiac, pulmonaty;T¢c-HMPAO (740 MBq) was injected 75 min later. At 20 min
endocrinologic, gastrointestinal, or autoimmune). In addition, trfter HMPAO, the intravenous line was removed and the subject
subjects were required to be completely free of past or present a#@s positioned in the scanner. Conventional SPECT scanning
| psychiatric disorders as determined by the Structured Clinic@hsued for 20 min. After scanning, final vital signs were assessed.
Interview for DSM-I1I-R (18) (Diagnostic and Statistical Manual The subject returned to the laboratory after 48 h and the procedure
of Mental Disorders, Third Edition, Revised@nd a thorough was repeated, except that amphetamine was given instead of pla-
psychiatric interview; any concurrent or past major medical prof§€bo.
lems; and a family history of depression, suicide, alcoholism,
schizophrenia, Alzheimer's disease, or other major psychopathtBF Imaging
ogy in all first-degree relatives. Subjects with a contraindication to %mTc-HMPAO was prepared from the lyophilized kit per pack
amphetamine (e.g., a history of arrhythmias or hypertension) we@e insert instructions, with technetium pertechnetate eluted no
also excluded, as were subjects with a diastolic pressu@ mm more tha 1 h before use. Seven hundred forty megabecquerels of
Hg or a systolic pressure> 150 mm Hg. The subjects were labeled compound, withdrawn from reconstituted kits no more

medication free for at least 14 d and had not used alcohol for tHe&n 20 min after reconstitution, and 111-222 MBH-IMP

last 7 d. obtained in the labeled form, were administered to the subject.
For the 1-d protocol, high-resolution fanbeam collimators were
Experimental Protocol positioned 13 cm from the axis of rotation and projection data were

Sixteen subjects were studied by SPECT rCBF imaging undecquired in a 128 128 matrix in 3° increments for 40 min using
placebo and amphetamine challenge states, and an additionaltsis windows: for®®™Tc, a 15%-wide centered window; &3, a
subjects were studied in the placebo state twice to establish the d@i%6-wide asymmetric window, beginning at the middle of the
set response. Eleven subjects (six placebo—placebo and five plastopeak. These windows have been sho®20 to provide
cebo—amphetamine) were studied in a single half-day sessless than 5% cross-contamination of the two isotopes. Rapid ac-
using dual-isotope imagingl9,20. When23-iodoamphetamine quisition sequencing was used for all acquisitions, which permits
(IMP) became unavailable, an additional 11 placebo—amphetamB®&0° sampling in 5-min increments. When acquisition was com-
subjects were studied in a two-day protocol, with each imagimgete, the eight 5-min scans were summed and treated as a single
session separated by 48 h to ensure complete remoV&I™€ acquisition. For the 2-day protocd®™Tc-HMPAO was prepared
background from the first study. For both the 1-d and the 2ab described above and acquisition was conducted in the same
protocols, placebo and then amphetamine (4D.06 mg/kg) way, except that th&™Tc window was widened to 20%, néd
were administered orally in identical capsules in a single-blindindow was used, and the scan was shortened to 20 min.
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Image reconstruction was performed in the transverse domainOur analyses use three-dimensional pairechages as repre-
using backprojection with a ramp filter. To match IMP andentative of the change in level of the different group means. The
HMPAO image resolution, the cutoff frequency for a sixth-ordedistribution oft values across all voxels is mapped, and a threshold
Butterworth filter was selected for both IMP and HMPAO from thdased on thévalue at thé® < 0.05 level for the number of degrees
power spectrum of Fourier transformed transverse images for IN#Pfreedom of the experiment is used to identify voxels participat-
(the limiting case), so that the tail of the filter crossed the higling in the response to amphetamine. Because these voxels repre-
frequency end of the image power spectrum at the 10% amplitusient both real responses and random parts of the nulldistri-
level (19-20. These parameters were then applied to all imadmition, we search thd image voxels for a neighborhood
sets {33 and %"Tc). For our system, voxels in reconstructedissociation. We assume that voxels from the nult sitribution
images were 1.9 mfnAfter reconstruction, images were attenuwill be randomly distributed in space and so can be removed by
ation corrected, using a Chang first-order method. requiring that “acceptable” voxels have neighbors that also meet

. the selected threshold. Remaining significant voxels are next
Image Analysis _ _ mapped onto a model brain to produce a parametric statistical
~ Image analysis consisted of three components: image normglyqe that identifies response location. The finmhage reveals
ization, image coregistration, and three-dimensional paireid- ,nse yoxels whose relative rCBF differed most between the
tistical analysis. Int_rasubject pormall_za_tlon of image count denS'Bfacebo and the amphetamine states relative to the inherent vari-
corrects for the difference in administered dose between tWgyijiry of each voxel, thus minimizing artifacts caused by differ-
sessions and for differences in global cerebrgllblood flow. acrog§ces in anatomy, physiology, and image processing. The result is
conditions. This was accomplished by normalizing counts in €agh jmage of anatomic zones (e.g., regions of interest) that contrib-

voxel to whole-brain count density for each subject in both the 1 significant rCBF responses to amphetamine, the boundaries
placebo and the amphetamine datasets. Then, a ratio of wholey hich are defined by the data.

brain count density between placebo and amphetamine datasets
was computed for each subject, and the resultant placebo—amphet-
amine count ratio was then used as a scaling factor to equate gldRESULTS
count density in amphetamine images to that in the placebo irigl-ac

ages. Intersubject normalization (correcting for global variability ebo-Placebo Studies

in tracer uptake between subjects) was accomplished at the sar_n@‘ subset of S_'X subjects received placebo on both OCC&?'
time as intrasubject normalization by first scaling whole-braifionS o establish the null set response. No changes in

counts in the placebo data to 100. Thus, when normalization wagmodynamic parameters were noted in placebo—placebo
completed, whole-brain count density for both placebo and ardtudies. Images of attenuation-corrected 128128 1.9-
phetamine conditions for all subjects had a value of 100, yieldirgm-thick transverse sections from a single subject using the
both intra- and intersubject normalized images. We chose tHeal-isotope technique are shown in Figure 1. To evaluate
whole brain for count normalization rather than the cerebellamage normalization procedures, we compared intrasubject
counts used by some investigators because some_ animal %’ﬁaling factors for the whole brain, centrum semiovale
(21,29 and our data suggest an effect of amphetamine on Ce{gyhjte matter), and cerebellar regions of interest in these six

bellar gray matter. . - . subjects. Scale factors based on whole brain and centrum-
Image sets were next coregistered within or between subjects 10

the coordinate system of Talairach and Toumofs) (using a semiovale did not differ within subjects (Fig. 2). However,

modified version of the coregistration algorithm of Pelizzari et aﬁerebe”um'based scale factors were uniformly higher

(24) integrated with an automated analysis system for SPEGIIMPAO > IMP; 19% * 3%), anfirming an earlier report
brain images. Data are automatically resliced to 2%mwoels, (25) that cerebellar uptake relative to cortical or subcortical

normalized, and coregistered. A final visual check by the operataptake is greater fo"Tc-HMPAO than for!23-IMP. This

is used to validate the coregistration. finding provides additional evidence against using the cer-
PmTc-HMPAO 123[.TMP
: » T ; .
i) ‘5 " FIGURE 1. Typical 2*"Tc-HMPAO and

L ' : . 123]-IMP images using dual-isotope tech-
nique in placebo-placebo healthy volunteer
illustrates resolution of such images from

; PRISM tomograph using dual-isotope ac-
M ; & quisition technique. These attenuation-
% Lt rA corrected, 128 x 128, 1.9-mm-thick trans-
verse images were ramp reconstructed and

postfiltered, with Butterworth sixth-order fil-

; b - ter adjusted to match amplitude of IMP

A 2. power spectrum. For this figure, images
i i were then averaged three slices to one for
final slice thickness of 6 mm.
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(sagittal images). Areas of significant change (median-fil-
tered voxels lying above or below the= +2.20 threshold

in thet distribution) are shown as solid white objects over-
laid on the model brain, to which all images were coregis-
tered. As seen in Figure 4, rCBF was increased bilaterally
after amphetamine in two mesial prefrontal zones (Brod-
mann’s areas 10 and 8), brain stem (ventral tegmentum),
anteromesial temporal lobe (amygdala), and anterior thala-
mus. Inferior orbital frontal activation (Brodmann's area

" Cerebellum 11) was also seen (not shown in Fig. 4).

(ConreanEin vl No unilateral changes were seen, although the subcortical
BN ‘Whole Brain .

BL response was larger trvalue magnitude and extent on the
right, whereas the amygdala response was larger on the left.
FIGURE 2. Comparisons of relative distribution of HMPAO to  t-value magnitude reflects the strength of the statistical
that of IM.P among cerepellum, whole brain, and centrum semi-  response and can be a consequence of greater rCBF change,
e s o amtovt SPAGIID i g decreased vaiabilty among subects or both. Areas of
essentially identical for all six subjects, whereas cerebellar up- maxmum change are |dent|f|§d '_n Ta_b.le 1 by Talairach
take ratios are consistently higher (19% = 3%). coordinates (response centroid, in millimeters). The Ta-

lairach coordinates are shown as positive to the right of, and
anterior and superior to, the anterior commissure.
ebellum for count normalization when comparing data ob- Areas of decreased rCBF after amphetamine are shown as
tained from HMPAO and IMP. sagittal images in Figure 5. Decreased rCBF after amphet-
Other than residual cerebellar activity, no consistent areasine in healthy volunteers involved fewer locations but
of difference were found between HMPAO and IMP imsimilart magnitude. A small decrease was seen in the motor
ages. We also compared circumferential region-of-interegtrtex (Brodmann’s area 6), visual cortex, fusiform gyrus,
count densities from the coordinate-transformed, normand posterolateral temporal lobe (left greater than right).
ized images averaged over the six placebo—placebo contidkcreases were also observed in the right lateral temporal
(Fig. 3). The data were linearly correlated£€ 0.93), the lobe extending superiorly toward Sylvius’ fissure. Talairach
slope did not differ from 1, and the intercept did not diffecoordinates for the decreases are shown in Table 2.
from 0.

Placebo-Amphetamine Studies DISCUSSION

Hemodynamic Responselemodynamic changes after  zmphetamine affects at least three neurotransmitter sys-
amphe_ztamlne were rare. Mild b_Iood pressure and pu_lﬁgzms: dopamine, norepinephrine, and serotori&—G0Q.
elevations were seen in 3 subjects (peak at 120 MiRlyqt of the CNS effects of amphetamine are thought to be
whereas 1_4 subjects Sh_OWEd no changes in vital signs. dopaminergic origin. Amphetamine increases the con-

rCBF. t|_mages showm_g areas of increased rCB_F aft%Entrations of both dopamine and norepinephrine at the
amphetamine challenge in 16 placebo—amphetamine subq,nqe by blocking reuptake and stimulating relead (
jects are presented in Figures 4 (transverse images) anfepreases the uptake #f-dopamine in the corpus striatum
(32), and depresses spontaneous firing rates of dopamine-
producing cells in the substantia nigi26). Similar effects
700 7 are observed in norepinephrine syste@6-27. Thus, one
A might expect areas of both increased and decreased rCBF
after an amphetamine challenge.

Where one might expect such rCBF changes is based on
the innervation of these neurotransmitter systems. The rel-
=93 evant receptor systems—interdigitate striatum, cortex (es-
- m=.95+.06, b=369+279 pecially prefrontal cortex), and limbic systems—are likely
related to three primary circuits38—34. The first is the
2000 : : . : , \ : dorsolateral prefrontal circuit, which includes Brodmann’s
3000 3500 4000 4500 5000  SS00 6000 6500 areas 9 and 10 in a closed loop with subcortical structures

Mean HMPAO Count Density and areas 46, 8, and 7 as open afferents and efferents, as
FIGURE 3. Comparison of relative distributions for IMP and W.e” as components of the thalamus, St”atur.n’ substantia
HMPAO within identical cortical region of interest in six place- nlgra, and Ven_tral _tegmentgm. The second .IS the lateral
bo-placebo healthy volunteers indicates colinear distributions ~ Orbital frontal circuit, which includes the medial aspect of
in resting subjects. area 10; area 11 in the closed loop; areas 12, 22, 25, and 32

N
S
S
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5000 T

4000 T

Mean IMP Count Density

3000 T
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FIGURE 4. Sagittal and transverse im-
ages show areas of increased rCBF after
amphetamine challenge. Areas of signifi-
cant change (identified as median-filtered
voxels lying above t = 2.20 threshold in t
distribution) are shown as solid white ob-
jects overlaid on model brain to which all
images are coregistered. Images are ori-
ented with subject’s left on viewer’s right.
Brodmann'’s areas (BA) are designated by
number. am = anteromesial temporal lobe
(amygdala); bs = brain stem; th = anterior
thalamus.

as open aspects; and, subcortically, the thalamus, striatwharea 8 (which has been shown to be homolaterally con-
substantia nigra, amygdala, and ventral tegmentum. Afferected to area 6 in primate®3)), if area 8 has an inhibitory
ents from the entorhinal cortex and efferents from the amfluence on area 6 (not known). Similarly, decreased rCBF
terior cingulate and the temporal pole also are invol\&).( in the fusiform gyrus may also be related to inhibitory
The third circuit is the anterior cingulate, or limbic, circuitjnfluences of area 8, which represents a large portion of the
which includes Brodmann’s area 24 (anterior cingulate), thiental oculomotor field. Posterolateral temporal lobe de-
hippocampus, and the entorhinal (area 28) and perirhir@kases are less readily interpreted.
(area 35) regions, as well as the ventral striatum, medialDopaminergic systems arising from the midbrain are
orbital frontal cortex, amygdala, thalamus, hypothalamuslustered into the retrorubral field, the substantia nigra, and
subthalamic nucleus, globus pallidus, lateral habenula, ath@é ventral tegmentum. Cells arising from the substantia
ventral tegmentum3Q3). nigra ascend to the striatum, are referred to as the nigrostri-
The rCBF response to amphetamine observed in our datal pathway, contain 70% of brain dopamine, and are
is consistent with primary activation of the lateral orbitaprimarily involved in the modulation of motor behavior.
frontal circuit (mesial aspect of Brodmann’s areas 10 aridieurons ascending from the ventral tegmentum project to
11), partial activation of the anterior cingulate/limbic circuitimbic and cortical areas (cingulate, entorhinal, prefrontal,
(amygdala but not anterior cingulate), and activation of ongnd piriform cortices) and are referred to as the mesolimbic
efferent components of the dorsolateral prefrontal cortexd mesocortical pathways, respectiveg)( The mesolim-
circuit (Brodmann’s area 8). Activation of ventral tegmenbic dopaminergic pathway is primarily related to the ante-
tum and anterior thalamus is likely common to all thredor cingulate (limbic) circuit, whereas the mesocortical
circuits. Decreased rCBF in area 6 might be a consequemaghway relates to the dorsolateral prefrontal and lateral
of direct activation of the ventral anterior thalamic nucleusrbitofrontal circuits. Our data are most consistent with
(direct inhibition) or an indirect consequence of activatiomvolvement of the mesolimbic and mesocortical pathways,

FIGURE 5. Sagittal and transverse im-
ages display areas of decreased rCBF (t =
—2.20) after amphetamine. Brodmann’s
areas (BA) are designated by number. fg =
fusiform gyrus; pt = posterolateral tempo-
ral lobe.
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TABLE 1
Regions of rCBF Increases in Healthy Volunteers After Amphetamine Challenge Referenced to Talairach Coordinates

Brodmann’s Brodmann’s Anterior
Region area 10 area 8 Brain stem Left amygdala temporal region
X, ¥, Z 2,58, 14 4, 40, 44 —4, —26, —26 —28, 14, —22 -6, —6, 10
maximum ¢t 4.38 2.99 2.46 4.02 2.45

with little evidence of activation of the striatal-nigral pathebserved. In a follow-up study on 17 schizophrenic patients,
way. these authors3() noted that amphetamine decreased rCGM
Extant literature about the metabolic impact of ampheprimarily in the left temporal lobe and increased rCGM in
amine on the CNS primarily derives from studies in anihe striatum and cerebellum. The lack of significant in-
mals, and three general conclusions can be drawn from tkee¢ases in the prefrontal and orbitofrontal cortices in these
literature: first, that amphetamine causes focal, but neiudies contrasts substantially with our data. The most likely
global, changes in rCBF and regional cerebral glucose mgxplanation for this difference is the time course of radio-
tabolism (rCGM); second, that rCBF and rCGM remaipharmaceutical uptake. FDG uptake occurs over approxi-
coupled during an amphetamine challengd,22; and mately 30 min, whereas motor and cognitive responses to
third, that amphetamine has no direct vascular effecinphetamine are generally more acute and are delayed in
(21,22. Specifically, amphetamine increases rCGM in ratgeir onset from oral administration. The timing of FDG was
in the substantia nigra, subthalamic nucleus, striatum, visy@lt coordinated with subject responses in the studies of
cortex, thalamus, hypothalamus, and frontal and sensogyolkin et al. 36—37. %"Tc-HMPAO uptake is first pass
motor cortices 21). Decreased metabolic rates are found ifapproximately 15 s from intravenous administration), and
the suprachiasmatic nucleus and habenula. Neither glopgp uptake occurs over approximately only 2 min, and their
nor white matter changes are observed. Our data showd@ministration was specifically timed to occur at peak motor
striking consistency with these glucose metabolic data ihg cognitive responses to amphetamine in our protocol. In
animals: largest increase in the midbrain, followed by thgis context, both our protocol and our data are more con-
frontal and sensory cortices. The frontopolar and tempoigkient with the animal studies described above.
increases and parasagittal and cingulate decreases we oBygniel et al. 88) found increased activation of the dor-
served appear to be unique to humans, and we do not §8@teral prefrontal cortex during the Wisconsin Card Sort
striatal responses. The lack of striatal response may be dpsg afier amphetamine (0.25 mg/kg by mouth) relative to
rglated. The animal studies were typically conducted aftp"f’acebo in 10 schizophrenic patients using rCBF#)e
higher dose than that used in our protocol and at WhidpbecT More recently, this groupd) studied the effect of
motor responses related to the striatal-nigral pathway aJg nhetamine on rCBF changes during two abstract reason-
most activated. Ventral tegmentum activation dominates iﬁb tasks (Wisconsin Card Sort and Raven's Progressive
lower doses. i Matrices) relative to a (sensory motor) control task using
The effect of amphetamine on rCBF or rCGM has be&bet Amphetamine selectively enhanced rCBF in the hip-

reported several times for schi.zophre_ni_a, once fo.r .heal_t }Scampus during the performance of Raven’s Progressive
volunteers, and once for attention deficit hyperactivity dig atrices and in the dorsolateral prefrontal cortex during the

order. In the first of the studies on schizophrenia, Wolkin ¢t .0 \sin Card Sort. The authors concluded that amphet-

3" (36) nqtedcgl\;malthy Voéugéegge(;s_l)_ a tshlgr;lf]l::ang amine “focused” neural activity in those areas where it was
ecreaseint measure ) inthelettan normally performed and offered this mechanism as an ex-

right frontal and left temporal regions after amphetamin anation for the ability of amphetamines to improve cog-

225: ml%/)k gortl)lil/ Zorllgm t‘gggf;? 2efgggls:ngecnr'gagzt'\?vnnsltive efficiency. Enhanced prefrontal activation on the sur-

%3ce seems consistent with our data, but these investigators
did not report on the effects of amphetamine on prefrontal
TABLE 2 rCBF without concurrent cognitive activation, and thus our
Regions of rCBF Decreases in Healthy Volunteers data are not easily compared.
After Amphetamine Challenge Referenced to In 13 adults with attention deficit hyperactivity disorder,
Talairach Coordinates . .
Matochik et al. 40) found no change in global glucose

Lateral metabolism (FDG) after an acute 0.25 mg/kg oral amphet-
Region Bfoadr:aagn’s (\:’;?:X' Fl;;‘:z;m ti:gﬁg;a' amine dose and only small changes in rCGM. In a subse-
quent study in 8 adults with attention deficit hyperactivity
X,y z —4,12,50 -10,-70,8 -—40,-66, -2 32, -38, -16  disorder, they 41) found no significant changes in either
maximum t —5.05 —2.80 —-2.21 —3.08

global cerebral glucose metabolism or rCGM after amphet-
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Angrist B, Rotrosen J, Gershon S. Response to apomorphine, amphetamine, and
neuroleptics in schizophrenic subjed&sychopharmacology.980;67:31-38.

van Kammen DP, Schulz SC, Rogol AD. Hormonal response to d-amphetamine
in schizophrenia. In: Shah ED, Donald AG, eBsychoneuroendocrine Dysfunc-

amine (0.15 mg/kg intravenously). The lack of regional-
activation in these studies (as in the rCGM studies
Wolkin et al. 36,37 in schizophrenia described above)
highlights both technical limitations of current studies and tion in Psychiatry and Neurological lliness: Influence of Pharmacological
fundamental limitations of FDG PET. Although both stud-_ Adents New York, NY: Plenum Press; 1984:163-182. .
. . 12. Angrist B, Rotrosen J, Gershon S. Differential effects of amphetamine and
ies came from the same group, the amphetamme dose%euroleptics on negative vs. positive symptoms in schizophr&sgchophar-
differed by almost a factor of two, and the timing of drug macology.1980;72:17-19.
administration versus FDG administration was strikingl&tg- Schulz_ SC, van Kammen DP, Rogol AD, et aI.Amphetamine ingrgasgs prol_actin
. . . . . but neither growth hormone nor beta-endorphin immunoreactivity in schizo-
dlfferent (I_:DG 90 min after oral ar_nph_etamlne in the fIrSt' 3 phrenic patientsPsychopharmacol Bulll981;17:193-195.
min after intravenous amphetamine in the second) and 1 van Kammen DP, Docherty JP, Bunney WE. Prediction of early relapse after
neither case was gauged to match peak Cognitive response§.imozid_e discont_inuation by response to d-amphetamine during pimozide treat-
Agai less the CNS response has rapid onset and pro-Te":Bic! Psychiatry.1982:17:233-242.
gam’ un p ’ p . QLQ Angrist B, Peselow E, Rotrosen J, et al. Relationship between responses to
Ionged endurance, the FDG studies we have described will dopamine agonists, psychopathology, neuroleptic maintenance in schizophrenic

represent the average of times of no response with truesubjects. In: Angrist B, Burrows G, Lader M, ed®ecent Advances in Neuro-
psychopharmacologyvol 31. New York, NY: Pergamon Press; 1981:49-54.

responses. 16. Baxter LR Jr. PET studies of cerebral function in major depression and obsessive-
compulsive disorder: the emerging prefrontal cortex conserfsus.Clin Psy-
CONCLUSION chiatry. 1991;3:103-109.

17. Devous MD Sr. Imaging brain function by single-photon emission computed
Our data’ in combination with previous animal and hu- tomography. In: Andreasen N, eBrain Imaging: Applications in Psychiatry
. . . . Washington, DC: American Psychiatric Press; 1988:147-234.

man studies, SuggeSt t_hat amp_hetamme induces fo_cal fg] Spitzer RL, Williams JBW, Gibbons M, et al. Structured clinical interview for
creases and decreases in rCBF in healthy volunteers in areassmiir (scip). 1. History and rationaleArch Gen Psychiatryl992;49:624—
primarily innervated by dopamine pathways and in areas 629.

: : : : : At i~ _19- Devous MD Sr, Payne JK, Lowe JL. Dual-isotope brain SPECT imaging with
Wlth Secondar_y (pl’lmi.il'“y Ilmb"_:) aff|!|at|ons. These _fll’]d 99mMTc and *23: clinical validation using!33Xe SPECT.J Nucl Med.1992;33:
ings are consistent with the animal literature and with the 1919_1924.

human literature, in which the time course of measuremerits Devous MD Sr, Lowe JL, Payne JK. Dual-isotope brain SPECT imaging with
99Tc and 123 validation by phantom studiesl Nucl Med.1992;33:2030—

is similar.
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Erratum

There was a typographical error in the title of the article, “Reproducibility of Renal Length
Measurements witi*"Tc-DSMA SPECT,” by Lin et al. JNM 2000;41:1632-1635). It
should have read, “Reproducibility of Renal Length Measurements #itfic-DMSA
SPECT.” We regret the error.
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