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Abstract
Methamphetamine is one of the most addictive and neurotoxic drugs of abuse. It produces large
elevations in extracellular dopamine in the striatum through vesicular release and inhibition of the
dopamine transporter. In the U.S. abuse prevalence varies by ethnicity with very low abuse among
African Americans relative to Caucasians, differentiating it from cocaine where abuse rates are
similar for the two groups. Here we report the first comparison of methamphetamine and cocaine
pharmacokinetics in brain between Caucasians and African Americans along with the measurement
of dopamine transporter availability in striatum. Methamphetamine’s uptake in brain was fast (peak
uptake at 9 minutes) with accumulation in cortical and subcortical brain regions and in white matter.
Its clearance from brain was slow (except for white matter which did not clear over the 90 minutes)
and there was no difference in pharmacokinetics between Caucasians and African Americans. In
contrast cocaine’s brain uptake and clearance were both fast, distribution was predominantly in
striatum and uptake was higher in African Americans. Among individuals, those with the highest
striatal (but not cerebellar) methamphetamine accumulation also had the highest dopamine
transporter availability suggesting a relationship between METH exposure and DAT availability.
Methamphetamine’s fast brain uptake is consistent with its highly reinforcing effects, its slow
clearance with its long lasting behavioral effects and its widespread distribution with its neurotoxic
effects that affect not only striatal but also cortical and white matter regions. The absence of
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significant differences between Caucasians and African Americans suggests that variables other than
methamphetamine pharmacokinetics and bioavailability account for the lower abuse prevalence in
African Americans.

Introduction
Methamphetamine (METH) is considered among the most addictive of the drugs of abuse. Its
powerful addictive properties, coupled with its broad availability have led to significant
increases in both its abuse and in the number of associated medical complications in many
areas of the world (Rawson and Condon, 2007; Barr et al., 2006). In the United States the
prevalence varies by region and ethnicity, being very low among African Americans (Sexton
et al., 2005; Iritani et al., 2007). This is in contrast to cocaine for which the prevalence rates
for abuse and dependence are equivalent in Caucasians and African Americans (SAMHSA,
2003). Among the drugs of abuse, METH, which elevates dopamine (DA) by both inhibiting
its reuptake as well as releasing it from vesicles (Rothman et al., 2001), is one of the most
potent. It produces very large increases in DA concentration in the nucleus accumbens (NAc)
(Camp et al., 1994), which is the mechanism believed to underlie the reinforcing effects of
addictive drugs (DiChiara and Imperato, 1988). However, the reinforcing effects of drugs are
not just a function of their potency in increasing DA in NAc but also of the rate at which they
increase it; that is, the faster the increases, the stronger their reinforcing effects (Balster and
Schuster, 1973). We have previously shown that cocaine (measured with [11C]cocaine) entered
the brain very rapidly, which would explain why it is such a reinforcing drug (Fowler et al.,
1989). Moreover we corroborated a temporal correspondence between the fast uptake of the
drug in brain and the subjective experience of the ‘high’ (Volkow et al., 1997).

Here we use PET and [11C]d-methamphetamine administered at tracers doses to measure the
pharmacokinetics and distribution of METH in the human brain. We also investigated whether
differences in the pharmacokinetics (PK) of METH in the brain could explain the large
differences in the prevalence rate of abuse of METH between Caucasians and African
Americans. We hypothesized, based on our prior studies with [11C]d-methamphetamine in the
baboon brain (Fowler et al., 2007), that METH uptake in the brain would be very fast and
similar to that of cocaine and that, as per our prior studies with stimulant drugs, its fast uptake
would be associated with its reinforcing effects (assessed by subjective descriptors of ‘high’)
(Volkow et al., 1995). We also predicted that uptake of METH in brain would be higher and
faster in Caucasians than in African Americans. In this same group of subjects, we also
measured cocaine PK with [11C]cocaine for comparison with METH PK and to test the
hypothesis that dopamine transporter (DAT) availability (assessed with the distribution volume
ratio (DVR) of striatum to cerebellum obtained from the [11C]cocaine images (Logan et al.,
1990) would contribute to the intersubject variability in METH uptake. Specifically we
predicted that the higher DAT availability would be associated with greater METH uptake in
brain.

Materials and methods
Volunteers

This study was carried out at Brookhaven National Laboratory and approved by the local
Institutional Review Board (Committee on Research Involving Human Subjects, Stony Brook
University). Written informed consent was obtained from all of the participants prior to the
study. Nineteen normal healthy men (9 Caucasians and 10 African Americans), average age
37±7 years (range 24-49) were recruited by word of mouth and newspaper advertisements and
enrolled in this study. Inclusion criteria were non-smoking males able to understand and give
informed consent, age 18-50 years. Excluded were those subjects who were urine positive for
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psychoactive drugs (including PCP, cocaine, amphetamine, opiates, barbiturates,
benzodiazepines and THC); who had clinically significant abnormal laboratory values; past or
present history of medical illness or neurological or psychiatric disease; use of antidepressant,
antipsychotic, stimulants or chronic anxiolytic medications in the past one month; head trauma
with loss of consciousness for more than 30 minutes; past or present or past history of substance
abuse including illicit substances, alcohol and nicotine.

Radiotracer Synthesis
[11C]d-Methamphetamine was prepared from d- amphetamine and [11C]methyl iodide using
an adaptation of the literature method (Inoue et al., 1990) as described previously (Fowler et
al., 2007). Dynamic PET imaging was carried out on a Siemen’s HR+ high resolution, whole
body PET scanner (4.5×4.5×4.8 mm FWHM at center of field of view) in 3D acquisition mode,
63 planes. For all scans, a transmission scan was obtained with a 68Ge rotating rod source
before the emission scan to correct for attenuation before each radiotracer injection. The
specific activity of [11C]d-methamphetamine was 0.32± 0.28 mCi/nmol at time of injection
and the dose injected averaged 7.1±0.37 mCi). The radiochemical purity was >98%. Scanning
was carried out for 90 minutes with the following time frames (1×10 sec; 12×5 sec; 1×20 sec;
1×30 sec; 8×60 sec; 4×300 sec; 8×450 sec).

[11C](-)-Cocaine was synthesized from nor-cocaine (NIDA Research Technology Branch)
according to the literature method (Fowler et al., 1989). Radiochemical purity was >98% and
specific activity was 0.53± 0.36 mCi/nmol at end of synthesis and the dose injected averaged
6.72 ± 0.58 mCi. Scanning was carried out for 54 min with the following time frames (1 × 10
sec; 12 × 5 sec; 1 × 20 sec; 1 × 30 sec; 4 × 60 sec; 4 × 120 sec; 8 × 300 sec).

Typically, the two studies were performed two hours apart. For both [11C]dmethamphetamine
and [11C]cocaine the concentration of parent radiotracer in the arterial plasma was measured
(Fowler et al., 2007; Alexoff et al., 1995).

Image processing and data analysis
Time frames were summed over the experimental period (90 min for [11C]dmethamphetamine
and 54 min for [11C](-)-cocaine), the summed images were resliced along the AC-PC line and
planes were summed in groups of two for the purpose of region of interest (roi) placement. For
[11C]d-methamphetamine, roi’s were placed on the caudate, dorsal putamen, ventral striatum,
thalamus and the frontal, temporal and parietal cortices, cingulate gyrus, cerebellum and white
matter and then projected onto the dynamic images. For the [11C]cocaine scans, roi’s were
placed over the caudate, putamen, thalamus, cerebellum and white matter and then projected
onto the dynamic images to obtain time activity curves. Regions occurring bilaterally were
averaged. Carbon-11 concentration in each region of interest was divided by the injected dose
to obtain the concentrations of C-11 vs. time which, along with the time course of the arterial
concentration of the radiotracer, were used to calculate the DV’s using a graphical analysis
method for reversible systems (Logan et al., 1990). For [11C]cocaine we computed the ratio
of the DV ratio (DVR) in caudate, putamen and thalamus to that in the cerebellum. The DVR-1
for putamen, which corresponds to Bmax/Kd, was used as an estimate of DAT availability.
The averaged time activity curves for the putamen, thalamus, cerebellum and white matter
were compared for [11C]methamphetamine and [11C]cocaine. For [11C]dmethamphetamine,
the area under the time activity curve (% injected dose/cc vs time) (AUC) in the ventral striatum
(normalized to the AUC for the plasma) was also obtained.

In order to examine whether there were PK differences for Caucasians vs African Americans,
we compared the following parameters for [11C]d-methamphetamine and for [11C]cocaine:
DV’s for the caudate, putamen, thalamus and cerebellum; time to peak and the % clearance at
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the end of study; areas under the time-activity curve for plasma. For all subjects, correlation
analyses were also performed between [11C]d-methamphetamine uptake (AUC for the
putamen), normalized to the AUC for the plasma and DAT availability (DVR-1) in the putamen
as measured with [11C]cocaine (Logan et al., 1990). In order to compare the time course of the
uptake to the time course of the ‘high’ reported previously (Newton et al., 2006), the time-
activity curve (% injected dose/cc) in the ventral striatum was divided by the peak uptake value
so that the values for each time point could be presented as % of peak. The time course for the
‘high’ for a pharmacological dose of methamphetamine reported previously (Newton et al.,
2006) was normalized to the peak value for comparison to the C-11 uptake.

Comparisons between groups were made using Student’s t test (unpaired) and differences
within individuals were compared with Student’s t-test (paired). Pearson product moment
correlations were used to assess the association between METH AUC in putamen and DAT
availability.

Results
Distribution of and kinetics of METH and cocaine

Carbon-11 was widely distributed to both cortical and subcortical brain regions after the
intravenous administration of [11C]d-methamphetamine in contrast to [11C]cocaine which was
predominantly concentrated in the striatum (see Figure 1A,B for averaged images and Figure
2 comparing distribution volumes (DV) for the two drugs in Caucasians and African
Americans). For all subjects, the peak uptake in striatum was lower for METH than for cocaine
and also occurred later and its clearance was also slower (Table 1). The time-activity curves
for METH and cocaine for different brain regions are shown in Figure 3. For METH cortical
and subcortical brain regions cleared over the time of the imaging session with clearance half
times ∼100 minutes contrasting with cocaine which cleared much more rapidly. There was no
difference in rate of clearance between the dorsal and ventral striatum (data not shown). For
METH the DV’s in the caudate, putamen and the thalamus were significantly greater than those
in the cerebellum (p=0.0001). There was no observable clearance of [11C]d-methamphetamine
from white matter over the 90 minute imaging session whereas for cocaine the rate of clearance
in white matter was similar to that of gray matter regions. The lack of clearance of C-11 sets
white matter apart from other brain regions and may reflect the higher lipid character of white
matter relative to gray matter. Interestingly, the lack of white matter clearance probably
explains the relatively higher concentration of METH in white matter from autopsy samples
from human methamphetamine abusers (Kalasinsky et al., 2001). To the extent that there is
white matter in cortical and subcortical regions it could also contribute to slowing the clearance
of [11C]dmethamphetamine in these brain regions

For [11C]d-methamphetamine, the appearance of labeled metabolites in arterial plasma was
slow with 82 and 67 % of the total carbon-11 present as parent radiotracer at 30 and 90 min
respectively. The appearance of labeled metabolites in plasma for [11C]cocaine was faster than
for [11C]d-methamphetamine with only 43 and 31 % was present in plasma as parent radiotracer
at 30 and 54 minutes respectively (Table 2).

Comparison of d-Methamphetamine kinetics in ventral striatum to the time course of the
behavioral effects of a pharmacological dose of methamphetamine

Averaged time-frame images for [11C]d-methamphetamine and [11C]cocaine in the plane of
the ventral striatum over the time of the study show that [11C]d-methamphetamine peaks later
and clears more slowly than [11C]cocaine (Figure 4). METH pharmacokinetics in ventral
striatum paralleled the time course of self-reported ‘high’ after pharmacological doses of
METH from studies done in methamphetamine abusers (Newton et al., 2006) (Figure 5). For
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comparison we also show the averaged time-activity curve for [11C]cocaine in striatum (from
the present study) vs the ‘high’ from a pharmacological dose of cocaine measured previously
(Volkow et al., 1997).

Comparison of the METH PK and cocaine PK in Caucasians and African Americans
There were no differences in [11C]d-methamphetamine distribution or pharmacokinetics
between Caucasians and African Americans (Figure 2A and Table 3). However, in comparing
the time-activity curves for [11C]cocaine for the putamen in Caucasians and African
Americans, we found that peak uptake in the brain occurred later and the percentage of [11C]
cocaine remaining at the end of the study was significantly higher for African Americans than
for Caucasians (Table 3). The DV’s for the striatum (caudate and putamen), thalamus and
cerebellum were also greater for African Americans than for Caucasians for [11C]cocaine
(Figure 2B) though there were no statistically significant differences between the two groups
in DAT availability (DVR-1) (0.87±0.19 vs 0.77±0.12 ml cc-1, p=0.22). There were also no
significant differences between the AUC for the time-activity curve for arterial plasma for
either [11C]dmethamphetamine or [11C]cocaine for the two groups (data not shown).

Correlation of the brain uptake of d-methamphetamine to DAT availability
Dopamine transporter availability (DVR-1) correlated with METH AUC for the putamen
(normalized to the plasma AUC) (R=0.59; p=0.008) (Figure 6) but not for the cerebellum
(R=0.06; p=0.81).

Discussion
Methamphetamine’s powerful addictive properties, its toxicity and its ready availability
combine to create a sense of urgency to understand its behavioral and toxic effects. At the same
time, reports that the rate of METH abuse among African Americans is lower than that for
Caucasians has led us to question whether there are differences in bioavailability or PK that
mediate this effect. The major findings from this study are that (1) d-methamphetamine has a
relatively rapid and persistent distribution across brain regions with slow clearance from gray
matter and no observable clearance from white matter regions which distinguish it from
cocaine; (2) the kinetics in ventral striatum (where the nucleus accumbens is located) follow
a similar time course to the ‘high’ reported from a pharmacological dose of d-
methamphetamine (data from Newton et al., 2006); (3) Caucasians and African Americans do
not differ in the PK or bioavailability of [11C]d-methamphetamine in brain though the two
groups differ in [11C]cocaine’s PK and bioavailability and; (4) METH uptake in striatum but
not the cerebellum over the time course of the study correlated with DAT availability. This
suggests that differences in DAT availability between subjects may account for some of the
inter-subject variability in METH exposure in striatum, which is the main target for METH
dopaminergic effects. Since METH’s dopaminergic effects are implicated in its reinforcing
properties, the differences in DAT availability is likely to contribute to variability in METH’s
reinforcing effects.

[11C]d-Methamphetamine distributed widely in the human brain with high and persistent
uptake in both subcortical and cortical areas (Figure 1A). This is similar to our recent findings
in the non-human primate brain (Fowler et al., 2007) and to earlier studies in rat brain (O’Neil
et al., 2006; Segal et al., 2005) after intravenous MET administration and to human autopsy
samples from methamphetamine abusers (Kalasinksy et al., 2001) but different from [11C]
cocaine (Figure 1B). The highest peak uptake of METH was in the putamen (average peak
uptake ∼ 0.0065%/cc) whereas the lowest peak uptake occurred in the white matter (∼ 0.003%/
cc). After iv administration, 7-8% of the injected dose accumulated in the brain within 10
minutes. Though the present studies were done at tracer doses, we can use this information to
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estimate that a typical abused dose of 30 mg of METH would result in a brain accumulation
of ∼ 2.5 mg of METH (∼14 microM). Methamphetamine’s high concentration and persistence
in brain and its ability to stimulate release and inhibit reuptake of DA (Rothman et al., 2001)
would be predicted to lead to an elevation of DA (and other neurotransmitters) potentially
leading to its intense behavioral effects and producing oxidative stress and damage throughout
the brain (Volz et al., 2007).

Several studies have documented neurochemical, metabolic and morphological abnormalities
in methamphetamine abusers and in animals exposed to methamphetamine that are not limited
to brain regions containing DA cells and their terminals, implicating non-DA mechanisms of
METH toxicity (Ernst et al., 2000; Volkow et al., 2001a; Thompson t al., 2004; Chung et al.,
2007; Kuczenski et al., 2007). The present study which documents the METH distributes to
many brain regions (Figure 1A) as well as prior studies documenting the relatively even
distribution of METH in autopsy samples from methamphetamine abusers (Kalisinsky et al,
2001) adds to the increasing evidence that the pharmacological effects of METH are complex
and involve different neurotransmitters and neuromodulators (Weinshenker et al., 2007) and
suggests an association with the widespread disposition of the drug. New evidence in
postmortem brains of METH abusers shows the presence of the lipid peroxidation products,
4-hydroxynonenal and malondialdehyde that is most prominent in striatum (caudate),
intermediate in frontal cortex and absent in cerebellum (Fitzmaurice et al., 2006). We note that
the distribution of METH differs from that of cocaine, which concentrates mostly in striatum
and, unlike METH, clears rapidly (Figure 1B) (Fowler et al., 1989). Thus the brain exposure
and presumably the neurotoxicity of METH are expected to differ from those of cocaine.

In this study we documented peak concentration of METH in putamen at ∼ 9 minutes after its
intravenous administration (Figures 3 and 4). This tracks the onset of peak behavioral effects
produced by smoked, and intravenous METH, which occur within 9-18 min of its
administration (Newton et al., 2006;Cook et al., 1993). The rapid rate of entry into the brain
is likely to contribute to the powerful reinforcing effects of METH since the rate at which drugs
of abuse get into the brain plays a key role in reinforcement; the faster the uptake the stronger
its reinforcing effects (Balster and Schuster, 1973). This, in turn, explains why smoking and
intravenous injection are the routes of administration that produce the most pleasurable
responses to drugs of abuse (Volkow et al., 2000). Moreover the correspondence between the
fast uptake of METH in the ventral striatum and the time course for the self-reports of ‘high’
after intravenous METH (Newton et al., 2006) suggests a relationship between METH’s
pharmacokinetics and its pharmacodynamic effects including the time course of its reinforcing
effects in humans. The faster rate of uptake of cocaine vs METH in brain corresponds well
with the fact that the self-reported ‘high’ occurs faster after intravenous cocaine (4-6 minutes
(Volkow et al., 1997) than after intravenous METH (approximately 9 min (Figures 4 and 5)).

We found that the clearance of METH also roughly corresponded with the temporal course of
the decline in the experience of the ‘high’. This indicates that it is the PK of the drug in the
brain, which is the important variable in determining the duration of its behavioral effects when
administered at a pharmacologically active dose. The longer duration of the METH in the brain
is associated with the long lasting ‘high’ reported previously (Newton et al., 2006). The
temporal relationship between the time courses of the uptake and clearance of [11C]
dmethamphetamine in the brain and the time course of the intensity of the ‘high’ is similar to
the relationship between these two variables for cocaine (Volkow et al., 1997). The much
slower brain clearance of METH relative to cocaine is likely to reflect differences in
bioavailability and non-specific effects (Fowler et al., 2007). The longer duration of action
along with its potent effects in raising DA are likely to contribute to the greater neurotoxicity
to DA cells reported for METH than for cocaine. Indeed imaging studies have shown
decrements in DAT in METH but not in cocaine abusers (Volkow et al., 2001b; Volkow et al.,
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1996). We note the terminal half life of d-methamphetamine in human plasma after iv was
reported to be 13.1 hr (Cook et al., 1993) which is far longer than the brain clearance rate or
the arterial clearance, which we report here. However, the PET study covered the early part of
the time curve from a few seconds to 90 minutes whereas the plasma half life reported in the
previous study (Cook et al, 1993) was measured during a 2 minute to 48 hour period capturing
the terminal clearance phase. Interestingly, the putamen to plasma ratio in the human peaked
16:1 at 20 minutes post injection and plateaued thereafter (data not shown) which is comparable
to the published rat PK for d-METH which also peaked at 20 minutes reaching a similar value
of 13:1 (Riviere et al, 2000).

An important but not well understood aspect in the epidemiology of METH abuse is the low
prevalence rates in African Americans relative to Caucasians (Sexton et al., 2005; Iritani et al.,
2007). Several explanations have been proposed including a higher preference and accessibility
to cocaine in African Americans, dislike for METH’s long-lasting stimulant effects and limited
access to METH (Sexton et al., 2005). However, we questioned the possibility that biological
factors affecting METH bioavailability and PK (i.e metabolism, excretion) could contribute to
these differences. The similarities in the regional distribution and PK of METH in brain
between African Americans and Caucasians (Figure 2A; Table 3) indicates that factors other
than differences in bioavailability underlie the lower use of METH among African Americans.
In contrast, there were significant differences between the ethnic groups for cocaine; cocaine
peaked later and cleared more slowly in African Americans than in Caucasians and brain
distribution volumes (all regions) for cocaine were also higher for African Americans (Table
3 and Figure 2B). Although we do not know whether there is any clinical significance due to
these differences, this surprising observation raises the question of whether differences in
bioavailability between Caucasians and African Americans have any epidemiological or
clinical manifestation. It also merits further investigation in a larger group of subjects and
highlights the importance of considering and reporting ethnicity as a variable in clinical
research studies and in matching ethnicity between control and experimental subjects.

The heterozygous deletion of DAT attenuates the behavioral effects of METH (Fukushima et
al., 2007) suggesting that DAT (as well as VMAT2) play a role in its neurotoxicity (Fumagalli
et al., 1998; Fumagalli et al., 1999). Given the role of the DAT in the behavioral effects of
METH and assuming that higher METH exposure is an important variable in the behavioral
effects of the drug, we examined whether there would be an association between DAT
availability (as measured using the DVR-1 with [11C]cocaine) and METH exposure using the
area under the time-activity curve (AUC) for the putamen as the measure of METH exposure.
Interestingly, the AUC varied by almost 2-fold for all individuals. Subjects with the highest
AUC for METH in the putamen also had the highest DAT availability (Figure 6). We note that
the AUC for the cerebellum for METH does not correlate with DAT availability suggesting a
specific association with striatum and not a global effect. These data suggest that individual
DAT availability in striatum may play a role in the variability in individual’s METH exposure.

There are potential study limitations that need to be addressed. For example, we measured
METH PK at tracer doses whereas METH abusers use the drug at a typical dose of 0.5 mg/kg.
This raises a question as to whether the PK of METH measured with a tracer dose of [11C]d-
methamphetamine mimics the PK of a pharmacological dose that has behavioral effects.
However, there is evidence that this is a valid assumption based on the fact the PK of [11C]
dmethamphetamine in the baboon at tracer and at pharmacological doses did not differ (Fowler
et al., 2007). For this study we also studied healthy, non-abusing controls rather than METH
abusers. We felt that it was important to investigate these relationships in a control, non-abusing
population to avoid introducing other variables such as the structural and neurochemical
abnormalities (including long lasting decreases in DAT), which are known to occur in the
METH abuser (Volkow et al., 2001b). We note that this study methodology could be adapted
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to the METH abuser after an adequate washout period to assure that the DAT availability
measurement would not be influenced by METH occupancy of the DAT.

Another issue that needs to be addressed is the extent to which the C-11 in the brain reflects
METH and not labeled metabolites or a combination of [11C]d-methamphetamine and its
labeled metabolites. We analyzed the arterial plasma of each subject for the percent of the total
C-11 that was in the form of the parent compound. We note that the appearance of labeled
metabolites in plasma is slow so that input to the brain is mostly [11C]d-methamphetamine
(Table 2). In addition, a major metabolite of METH is amphetamine, which arises from N-
demethylation. Since [11C]d-methamphetamine is labeled in the N-methyl group,
amphetamine would not be detected. Similarly, for [N-11C-methyl]cocaine, the only labeled
molecule that can penetrate the brain is [11C]cocaine (Fowler et al., 1989).

In summary, in the first study of METH PK in the normal human brain, we found widespread
and long-lasting distribution of METH, which parallels its long lasting behavioral effects.
Widespread distribution of METH in brain is also consistent with reports that METH’s effects
on brain chemistry and structure go beyond brain regions highly innervated with DA (i.e
parietal cortex, white matter). Contrary to our original hypothesis, we found no difference in
METH PK and bioavailability between Caucasians and African Americans suggesting that
other variables need to be considered in accounting for the lower rate of METH abuse in African
Americans. However, these comparative studies also revealed significant differences between
Caucasians and African Americans in [11C]cocaine PK and bioavailability in brain which merit
further investigation. Our finding that individuals with the highest striatal METH exposure
also had the highest DAT availability suggests that DAT levels regulate the brain uptake of
METH.
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Fig. 1.
(A) Images for [11C]d-methamphetamine showing transaxial planes from the top to the head
to the base of the skull; (B) images for [11C]cocaine showing transaxial planes from the top to
the head to the base of the skull. Distribution volume images were constructed for each subject
(n=19) and all of the images were normalized to the SPM 99 atlas
(http://www.fil.ion.ucl.ac.uk/spm/) and averaged. We use a rainbow color bar where red
corresponds to a DV of 16 cc mL-1 for the [11C]d-methamphetamine images and 6 cc mL-1 for
the [11C]cocaine images.
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Fig. 2.
(A) Average distribution volumes ± sdm for [11C]d-methamphetamine for Caucasians (n=9)
and African Americans (n=10). Unpaired t-test revealed no difference between the two groups.
We note that for both groups the DV’s in the caudate, putamen and the thalamus were
significantly greater than those in the cerebellum (p=0.0001). (B) average distribution volumes
± sdm for [11C]cocaine for Caucasians and African Americans. Unpaired t tests revealed
significantly higher DV for the caudate and cerebellum (p<0.05) with a trend for the putamen
and thalamus (p=0.09) (left panel) for the African Americans. (cdt=caudate; put=putamen,
thal=thalamus; cb=cerebellum).
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Fig. 3.
Average time-activity curves ±sdm for [11C]d-methamphetamine and [11C]cocaine in
putamen, thalamus, cerebellum and white matter. Time-activity curves were generated for each
subject and an average value ± sdm was obtained for each time point combining data from all
subjects (n=19).
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Fig. 4.
(A) Averaged images of [11C]d-methamphetamine (n=19) at the level of the striatum at
different time frames over a 90 minute imaging session; (B) averaged images of [11C]cocaine
(n=19) (bottom row) at the level of the putamen over a 54 minute imaging session. Note that
[11C]cocaine peaks earlier and clears faster than [11C]d-methamphetamine. The time (minutes)
for each frame is indicated below the image. We use a rainbow color bar where red represents
the highest uptake and purple the lowest. The [11C]d-methamphetamine images, red
corresponds to 0.006% injected dose/cc whereas for the [11C]cocaine images, red corresponds
to 0.008% of the injected dose/cc. The dynamic images from both the [11C]d-
methamphetamine and [11C]cocaine studies were normalized to the SPM 99 atlas
(http://www.fil.ion.ucl. ac.uk/spm/) so that individual time frames could be averaged across
subjects. The average time frame data was obtained by weighting each image by the factor
f=avg dose/dose subj, summing over subjects and dividing by the number of subjects.
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Fig. 5.
(A) Averaged time-activity curves for [11C]d-methamphetamine uptake in the ventral striatum
(n=19) along with the time course of the ‘high’ (Newton et al., 2006); (B) Averaged time-
activity curves for [11C]cocaine uptake in the putamen (n=19) along with the time course of
the ‘high’ (Volkow et al. 1997). Both the time-activity curves and the time course for the ‘high’
were normalized to the highest value for presentation.
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Fig. 6.
Correlation plot between the AUC (*normalized for the plasma AUC) for the [11C]
dmethamphetamine time-activity curve in the putamen and DAT availability in putamen
(R=0.59; p=0.008).
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Table 1
Comparison of peak uptake, time to peak and clearance for [11C]d-methamphetamine and [11C]cocaine for all subjects

Parameter [11C]d-methamphetamine
(n=19)

[11C]cocaine
(n=19)

p value

Peak uptake (% dose/cc) 0.0065±0.001 0.0083±0.0012 0.0001
Peak time (min) 9.4±1.5 4.5±1.1 0.0001
% remaining @ time 63.9 @ 86 min 24.9 @ 51 min 0.0001
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Table 2
Analysis of arterial plasma samples for [11C]d-methamphetamine (n=19) and [11C]cocaine (n=19)

Time after
injection
(min)

% as [11C]d-
methamphetamine

Time after
injection (min)

% as
[11C]cocaine

1 96.6±1.1 1 97.4±1.5
5 94.1±3.2 5 92.8±2.6
10 91.8±3.7 10 75.1±5.9
20 85.3±7.0 20 52.1±7.0
30 81.7±6.4 30 42.7±5.0
60 70.8±9.6 45 34.7±4.2
90 66.8±7.4 54 31.3±4.5
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Table 3
Comparison of [11C]d-methamphetamine and [11C]cocaine time to peak uptake and the % remaining at end of study
for the putamen for Caucasians (n=9) and African Americans (n=10)

Parameter Caucasians African Americans p Value

[11C]d-methamphetamine
Time to Peak (min) 8.3±1.1 9.9±2.7 NS
% remaining at 90 min 63.8±8.4 64±9.8 NS
[11C]cocaine
Time to Peak (min) 3.83±0.97 5.05±0.96 0.014
% remaining at 54 min 21.45±5.1 28.02±5.1 0.009
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