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Abstract Methylphenidate (Ritalin) is the most comKey words Methylphenidate - Ritalin -

monly prescribed psychoactive medication for childrddopamine transporter - Positron emission tomography -
in the US where it is used for the treatment of attenti@hiral drugs - Stereoselectivity

deficit hyperactivity disorder. Methylphenidate is mar-

keted as a racemic mixture of thehreoandl|-threoen-

antiomers. It is believed that tldeenantiomer is respon-Introduction

sible for the therapeutic effect of methylphenidate. In

this study we labeled the individual enantiomers witkttention deficit hyperactivity disorder (ADHD), which
carbon-11 and compared their binding and pharmacaki-estimated to affect more than 2 million children (or
netics in the human and baboon brain. Microdialysts-5%), has become America’s no. 1 childhood psychiat-
studies in the rat were performed to compare their poteig- disorder (Barkley 1977). Methylphenidate [MdR;

cy in elevating striatal dopamine concentration. Positrtireo-methyl-2-phenyl-2-(2-piperidyl)acetate  (Ritalin)]
emission tomographic (PET) studies wiid]d-threo is the drug of choice for the treatment of ADHD. It is a
methylphenidate {{C]d-threcMP) demonstrated high-chiral drug and is marketed as the racemic mixture of the
est regional uptake in basal ganglia. In contrd$C]F d-threo and I-threo forms. The psychostimulant proper-
threo-methylphenidate {LC]l-threo-MP) displayed simi- ties of MP have been linked to its binding to a site on the
lar uptakes in all brain regions. The ratios of distributiafopamine transporter, resulting in inhibition of dopamine
volumes at the steady-state for the basal ganglia to ceeemptake and enhanced levels of synaptic dopamine. It is
bellum (DVpo/DVcp) ranged from 2.2 to 3.3 fotC]d- this stimulation which is believed to regulate attention
threo-MP in baboon and human, and only 1.1 f8CJI- and impulsivity of ADHD children. However, it has been
threo-MP. Pretreatment with unlabeled methylphenidaghown that-threoMP is more potent in the induction of
(0.5 mg/kg) or GBR12909 (1.5 mg/kg) markedly rdecomotor activity and has a higher affinity for the dopa-
duced the striatal but not the cerebellar uptaké!@flfl- mine transporter thanl-threo-MP (Barkely 1977,
threoMP, whereas there was no effect ondadDV g Schweri et al. 1985; Patrick et al. 1987; Ritz et al. 1987;
for [11C]I-threo-MP. In the ratd-threoMP increased ex- Pan et al. 1994). An important concern is, “should we
tracellular dopamine concentration by 650% wheteasuse racemic drug or single enantiomer?” For most chiral
threo-MP did not affect dopamine levels. These resuliisugs, the advantages of using a single enantiomer are
indicate that pharmacological specificity of MP resides/ident: smaller doses, products twice as active, fewer
entirely in thed-threo isomer and directly show thatside effects, and superior pharmacological profiles of the
binding of thel-isomer in human brain is mostly nonactive compound (Thall 1996). In order to establish the
specific. comparative in vivo studies, we have developed the syn-
thesis of enantiomerically pure C-11 labekkdas well
asl-MP ([11C]d-threcMP and }1C]l-threo-MP) and car-
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sensitivity to dopamine neuron degeneration in Parkiw examination of the effects of drug pretreatment on the binding
son’s disease (Ding et al. 1994a, b). The binding @findividual radiotracers was also carried out in paired studies,

- . th and without pharmacological intervention. The same scan-
11C1d-
[+*C]d-threomethylphenidate in the baboon and hum ing protocol was performed as described f8C]dI-threo-MP

brain has also been CharaCteriZ_ed (Ding et al. 199_5; mg et al. 1994a). Arterial blood sampling and plasma assay for
kow et al. 1995). The observation of higher specific-tte presence of unchanged labeled methylphenidate were carried
nonspecific binding as compared to the racedc]MP OUttriO:'Or\]N'n% tt‘e \Sﬁﬂ?e _pfOCQdulfed_aS rhepozteddfé@]ﬁljthtfe& .
and the selectivity to dopamine transporters and reve R Y R e E & o S eahout the study T oory fate,
. . tored and ded th hout the study.

ibility demonstrates that'{C]d-threcMP is a suitable re monitored and recorded throughout the study

PET radiotracer to probe the neuronal loss occurring in

normal aging and in neurodegenerative disease (Wangwpan studies

al. 1995; Volkow et al. 19964, b, c). healthv h | . | .
We now report the comparative PET studies T¥vo ealthy human volunteers were studied (males, subjects 1 and
p p _ 9lwere 67 and 63 years old, respectively). Both subjects were free
[11C]d-threcMP and [IC]I-threo-MP in both baboon from medication. An individually molded headholder was made
and human brain. We extend previous baboon studiegotceach subject. The head of the subject was then positioned in
|nclude assessment Of the Saturablllty and Specrﬂcrtytb? gantl‘y with the aid of two Orthogonal laser lines one of which

1171 s N was placed parallel to the canthomeatal line and the other parallel
[+C]I-threo-MP. The saturability of the binding was asg e ‘sagittal plane. A chin strap device was used to minimize

sessed with unlabeled methylphenidate. An assessmgdlement of the head during the scan and to assure accurate repo-
of the specificity for the presynaptic dopaminergic nesitioning. Prior to radiotracer injection, transmission scans were
ron was determined by pretreatment with GBR 12909 balnﬁfd rt]OdC‘t)W”eCt ft?]f tatten_uat:oni |(;1 preparation ftir thg_tstludy_,

: : jects had two catheters implanted, one in an antecubital vein
selective dopaml_ne uptak_e blocker) (Anderson 198§ﬁr#racer injection and the other in the radial artery for blood sam-
Furthermore, regional brain uptakes and clearancespgfy. Both normal volunteers had two PET scans (tracer doses
[11C]d-threcMP and LC]I-threo-MP were directly com- (6—7 mCi) of L1C]d-threoMP and [1C]I-threo-MP) with a 2-h in-
pared in the same human volunteers. The time coursetsiyfil between injections to assess the differences in kinetics of in-

unchanged individual radiotracers in arterial plaan idual enantiomers in the same subject. Arterial plasma sam-
Ing and analysis were carried out as described for the baboon

were also measured and used to calculate the steady—g s. After injection of}{C]d-threoMP or [C]l-threoMP, a
distribution volume in brain (Logan et al. 1990). We als@ries of 20 emission scans was obtained from time of injection up
carried out microdialysis studies in free-moving rats tn84 min (four 15-s, two 30-s, four 1-min, four 2-min, five 10-min
order to probe the changes in extracellular dopami¥! one 20-min scans).

concentrations produced by individual unlabeldd

threo-MP andl-threo-MP. Drug administration

The pharmacological profiles o#!C]d-threoMP and [C]l-thr-

. eo-MP binding in baboon were determined by carrying out a base-

Materials and methods line PET study and then pretreating with an IV injection of the fol-
lowing drugs prior to the second injection &#¢]d-threoMP or

UnlabeleddI-threo-MP - HCI was purchased from Research BigiC]I-threo-MP: dI-threo-methylphenidate (0.5 mg/kg, 20 min

chemicals Incorporated (Natick, Mass., USA). The individual eprior) and GBR 12909 (1.5 mg/kg, 23—45 min prior).

antiomers @-threoMP andlI-threo-MP) were prepared in our lab-

oratory according to a published method (Patrick et al. 1987).

GBR 12909 was purchased from Research Biochemicals Incorpssay of [1C]d-threoMP and [1C]I-threo-MP in plasma

rated.

Unchanged JC]d-threoMP and [C]I-threo-MP in plasma was
] determined by a solid phase extraction method as described for
Synthesis of ’C]d-threoMP and }1C]I-threo-MP [LICIMP (Ding et al. 1994a).

[11C]d-threoMP and [C]I-threo-MP were prepared from aN-

protectedd-threo or I-threo-italinic acid derivative in in two Image and data analysis

steps:O-methylation with f1C]CH;l followed by hydrolysis. The

total synthesis time was 40 min with an average specific activRegions of interest (ROI) on baboon brain were drawn directly on

of 1.5 Cijumol (EOB), radiochemical purity > 98%, and enantithe PET scans as described previously (Dewey et al. 1995). The

omeric purity of 99% (Ding et al. 1994b). striatal ROl were drawn in two sequential planes at the level of the
genu of the corpus callosum. Cerebellar ROIs were drawn in the
plane that intersected the middle of the cerebellum and regions

PET studies of.C]d-threoMP and 1C]I-threo-MP were obtained in the left and right hemispheres. For the purpose of
drawing regions of interest on the human brain, an averaged emis-
Baboon studies sion scan representing the activity from 10 to 90 min was obtained

after injection of the tracer. Regions of interest for basal ganglia
Two adult female baboon$4pio anubi¥ were used in the PET and cerebellum were drawn on these averaged images and then
studies over an 8-month period with at least 4 weeks betwgenjected to the dynamic emission scans using a template previ-
studies. The baboons were anesthetized and prepared for B&3ly described.
studies as described previously (Ding et al. 1995). For each paired~or the baboon and human studies, time-activity curves for tis-
baseline study, tracer doses dfi]d-threoMP followed by sue carbon-11 concentration were used to calculate the ratio of
[YC]I-threo-MP (5—-9 mCi in 3 ml of saline, 0.017-0.Q8nol basal ganglia to cerebellum. Time-activity curves for carbon-11
(4-7 pg) per injection; 1V) were administered (or the order of thend the time course of unchanged tracer in plasma were used to
injection was reversed) with a 2 to 3-h time period between dosefculate distribution volume (DV) in basal ganglia (BG) and cere-
to compare the kinetics of each enantiomer in the same babdmilum (CB) regions using a graphical analyses method for revers-
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ible systems (Logan plots) as previously described (Logan etralne eluted at 7.5 min. Upon completion of the study, rats were
1990). The ratio of the DV in BG to that in CB was used as tkidled and brains were sectioned to verify probe placement.

model parameter to calculate dopamine transporter availability at

baseline and after drug interventions.

DV provides a measure of binding that is a linear function h‘
transporter availability given by esults
DV =Ky /Ky (1+ Biax/ Kg) () Baboon studies

for regions containing transporter sites characterized by an equi- ) S

librium dissociation constantKKy = K,/ fys fys = free fraction In each baseline study, the distribution &%C]d-threo-

of tr?hcer in tISSUtG) ?nd transgotﬁeft_Conceft]tratllQwalt and k . MP in the brain was heterogeneous with the highest up-

are the plasma to tissue and the tissue to plasma transpor - 0 o .

stant, respectively. For regions with no transporter the DV is giv%%’ze (average 0.'05 % of the '.nJECtEd dose/cc) occurring in
the basal ganglia. The half-times for clearance from peak

oY uptake were 70, 30 and 21 min for basal ganglia, thala-
DV =Ky / ko @ mus and cerebellum, respectively. In contrad€]-thr-

A parameter proportional to free transporter concentration candg®MP displayed similar uptakes in all brain regions (av-

obtained from equations (1) and (2) giving erage 0.03% of the injected dose/cc) with a half-time for
Blax/ Kiy = [DV o / DVegl -1 (3) Clearance of approximately 25 min for all the regions

. . o [see Fig. 1; solid symbols represent baselinel&]f-
where K, and k include the free fraction of tracer in tlssueg;argoMP (a) and iC]I-threo-MP (b)]. As a result, the
S

Eqg. (1) and Eg. (2) are based on classical compartmental anal / .
in which the effects of cerebral blood flow and capillary perm&asal ganglia to cerebellum ratio was 3.3 #8€]d-thr-

ability are implicitly included in the parameters &nd k.. eo-MP and only 1.1 for C]l-threc-MP. The average
distribution volumes of basal ganglia and cerebellum for
the baseline studies otlC]d-threoMP, [1ICJMP and
[11C]I-threo-MP for baboons Brie and Angel are present-

Adult male Sprague-Dawley rats (200-300 g, Taconic Farn®§l in Table 1. The distribution volumes for the basal gan-
were anesthetized and siliconized guide cannulae were steita decreased in the ordér> dI> . The ratio of the dis-
taxically implanted into the right antero-lateral basal gangli@ihution volumes (basal ganglia to cerebellum) for

(0.5 mm anterior and 2.5 mm lateral to bregma, and 2.5 mm veq .
tral to the cortical surface) under chloral hydrate anesthe ?aC]d-threoMP averaged 2.4 for baboon Brie and 2.2

(400 mg/kg IP) at least 3 days prior to study (Dewey et al. 1998)r baboon Angel; and that fot'(]I-threo-MP was 1.1
On the day of study, rats were placed in a bow! for at least 30 rfor both baboons. Though we observed a high intersub-
prior to fraction collection. Microdialysis probes (4.0 mm, Bloan%%ct variability in the absolute values for the striatal and

lytical Systems, BAS) were positioned within the guide cannul ; B
and artificial cerebral spinal fluid (ACSF, 155.0 mM Na . e cerebellar DVs (Compare Brie and Angel), the DV ra
1.1 mM C&*, 2.9 mM K, 132.76 mM Ct, and 0.83 mM Mg+, ti0s for thed andl enantiomers for the two baboons were

pH 7.4) was administered through the probe using a CMA/100 similar. The cerebellar values for tHeandl isomers dif-
CYQIHIUSIOH plump (BAS)Hat tadﬂov\{h'rat?h of 2lﬂ4,mln-l Twemrgg fered from one anotheP(< 0.02). It is noted that the DV
minute samples were collected within the injection loop ; .
injected on line (CMA/160, BAS) and analyzed until three sequefr({)-rfbo”l]1 tl?e basal gﬁ.ngl:ca ar[:d t.he Cerebe#ug] was small
tial injections differed by less than 10%. The average DA concé&l- for thel isomer, than for thel isomer, which may be
tration of these three stable samples was defined as control (10dug to pharmacokinetic factors such as plasma protein
and all subsequent treatment values were transformed to a perdsinteling.

age of that control. Upon establishing this baseline measurementpretreatment  with unlabeled methylphenidate

dl-threo-MP, d-threoMP or I-threo-MP (20 mg/kg, 1.0 ccpn = 6), . .
dissolved in sterile physiological saline, was injected IP. Contl-5 Mg/kg) or GBR 12909 (1.5 mg/kg) 23-45 min prior

animals received saline injections using a similar injection prot® [*C]d-threoMP injection markedly reduced the stri-
col (n = 10). The HPLC system consisted of a BAS reverse phasi@l but not the cerebellar uptake &td]d-threoMP,
Cc?t'ﬁm”d (3iOI|JC'18)f A BAS T e'?Ct{%%hoem'&a' t(';lt'ﬂ“”sofliUclet'jemonstrating the saturable and specific binding of
with a dual glassy carbon electrode set a mV, and a dua } . :

chart recorder. The mobile phase (flow rate = 1.0 ml/min) consist- E:]d threoMP to the dopamine tranSporter. In the
ed of 9.5% methanol, 50 mM sodium phosphate monobadtf@in, whereas there was no effect on the binding of
1.0 mM sodium octyl sulfate, and 0.1 mM EDTA, pH 4.0. Dopdt!C]l-threo-MP. The basal ganglia to cerebellum ratios

Microdialysis studies

Fig. 1a, b Time-activity curves
for (a) [11C]d-threoMP and b)
[1C]I-threo-MP in basal gan-
glia (square$ and cerebellum
(circles) of baboon brain before
(solid symbolsand after ¢pen
symbol} unlabeled MP pre-
treatment. Note the marked
change forJ:C]d-threoMP in
basal ganglia as compared to
no significant change for
[11C]|-th|’EO-MP after treatment ’ 0 10 20 30 40 50 60 70
with MP Time (min.) Time (min.)

%Injected dose/ce
% Injected dose/cc
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Table 1 Comparison of C-11

labeled methylphenidate bind- Study Tracer ~ Drug D¥s DVcg DVge/ %
ing in baboon brai treatment D\ Change
d-MP [11C]d-threcMP; .
dI-MP [11C]dI-threo-MP; Reproducibility
[-MP [1IC]I-threo-MP. Values  Angel d-MP None 25.54+0.75 11.7+0.20 2.18+0.03
are given for the distribution (n=3)
volume QV) in the basal gan- I-MP None 8.5 7.23 1.17
glia (BG) and cerebellumdB)  gjq d&MP  None 33.603.44 13.78+1.77  2.45:0.20
and for the ratio of the DV of (n=8)
BG to that of CB DVg/DVcp) I-MP None 12.33+0.78  10.80£0.67  1.14+0.01
(n=3)
Saturability
Brie d-MP Baseline 27.96 11.37 2.46 -54
MP 13.22 11.68 1.13
Angel I-MP Baseline 8.49 7.22 1.17 -2
MP 7.56 6.60 1.14
DA Transporter
Brie d-MP Baseline 32.59 11.83 2.75 -50
GBR(45 min) 16.49 11.98 1.38
Brie d-MP Baseline 36.84 13.86 2.66 -50
GBR(23 min) 17.08 12.75 1.34
Angel d-MP Baseline 41.24 15.99 2.58 -41
aln order to facilitate compari- GBR(30 min) 14.94 9.75 1.53
son, some previously published g e I-MP Baseline 12.174 10.86 1.12 -3
data ond-MP were reproduced GBR(30 min) 11.65 10.80 1.08

from Ding et al.(199t)

Fig. 2a, b Individual time-ac-
tivity curves in basal ganglia
(square$ and cerebellumcir-
cleg for human 4) subject 1
and p) subject 2 after injection
of [11C]d-threoMP (solid sym-
bols) and LIC]l-threo-MP
(open symbo)s Note the much
higher uptake of}fC]d-threo-
MP in the basal ganglia as 1
comparedtothatoﬂ{C] | T T N DR R R u"\‘.‘.MH‘1”..|.KH\H.mu..lu.f
I-threo-MP 0000 10 20 30 40 50 60 70 80 0000510 50 30 40 50 60 70 80
Time (min) Time (min)

%Injected dose/ce
%Injected dose/ce

before and after methylphenidate pretreatment are shddwrman studies
in Fig. 1. Additionally, for these two drug intervention
studies, the ratios of distribution volumes for the basabmparison of time-activity curves for the basal ganglia
ganglia to cerebellum fotIC]d-threoMP were reduced and cerebellum for two normal volunteers after IV in-
by 54 and 50% for methylphenidate and GBR 12909, jections of [C]d-threoMP and [C]l-threo-MP
spectively, and no significant change f&d]I-threo-MP  (Fig. 2) showed slow clearance Jf€]d-threoMP in
was observed (see Table 1). the basal ganglia (only 10-15% clearance from peak ac-
The results of the assays for unchanged tracer in beity had occurred at 74 min post-tracer injection),
boon plasma after IV injection ot!C]d-threoMP and whereas the clearance rate &fJ]d-threoMP in cere-
[11C]I-threo-MP were similar, with a slightly slower me-bellum was similar to those of!{C]I-threo-MP in most
tabolism for [1C]d-threoMP. The fraction of J2C]d-thr- brain regions, including basal ganglia and cerebellum
eo-MP in plasma was 95, 79, 50, 30, 25, 20, 15, and 18#tore than 50% clearance occurred at 74 min). Figure 3
at 1, 5, 10, 20, 30, 45, 60, and 84 min, respectively. TBlsows the brain images obtained from one of the sub-
is consistent with other existing MP pharmacokinetic dgcts after intravenous injections of'C]d-threoMP
ta reporting that MP is rapidly metabolized and the tvamd L1C]I-threo-MP. Quantitative estimates for the plas-
enantiomers have a similar bioavailability with slightlyna to tissue transfer constant;fkas well as the distri-
higher ratio ofd versusl isomer in the plasma after IVbution volume measures are shown in Table 2. High dis-
(but not oral) MP administration (Srinivas et al. 199&ibution volume ratios for the basal ganglia to cerebel-
1993; Chan et al. 1980; Hungund et al. 1979; Warginlein for [11C]d-threoMP (2.9 for subject 1 and 2.3 for
al. 1983). subject 2) as compared to 1.1-1.2 f&iC]Jl-threo-MP
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Fig. 3 Transaxial PET images (planes 8, 9, 10 and 12 on an ayections in the same subject are identical, suggesting a
aged emission scan representing the activity from 10 to 90 min)sgiilar bioavailability for both tracers. Thus, the ratios of

the human brain after injection d-threoMP (top pane) and P P : :
[1C]I-threo-MP (oottom Jpanel ﬁﬂ%es are fr0r$1 t%g top] of theradlo_act|V|ty_|r_1 basal ganglia to that in cerebgllum from
brain to the base of the skuléft to right). Note the high accumu- the time-activity curves for both tracers are identical to

lation of radioactivity in the basal ganglia fé&€]d-threoMP as the corresponding distribution volume measures.
compared to that foR{C]I-threo-MP

for both subjects are consistent with results from Igl_lcrodlalysw studies

boon studies. . The position of the guide cannulae within the antero-lat-
The results of the assays for unchanged tracer in Bs| aspect of the right corpus basal ganglia was verified

man plasma after IV injection ofiC]d-threoMP and n 5 animals. Unlabeled-threoMP produced an aver-

[+C]l-threo-MP indicated a higher percentage of unyge maximum increase in extracelluar striatal dopamine

changed {C]d-threoMP as compared to that ofiC]l-  concentrations of 650% at 80 min following administra-

threoMP for both subjects. The fraction 8f¢]d-threo- ion “as compared to 450% fdk-threo racemic MP, and

Eﬂosn?aggstrgagé"a&g% 49%98%15%4426 dzi”z(;)”%é%%’cﬁ‘ﬁy slight increase foi-threo-MP. The dose of each

threo-MP, at 1, 5, 10, 20, 30, 60 and 84 min, respectiv((jar-ng used in the studies was 20 mg/kg (Fig. 4).

ly. However, plasma integrals of radioactivity due to par-

ent tracer afterl[C]d-threoMP and LC]l-threo-MP in-

Table 2 Distribution volumes

(ml g-) for [21C]d-threoMP Subject Tracer ROI K DV DVBG/DVCB
d L1C]I-threo MP in differ-

and £ Cll regions of normal  Subject 1 ¢MP  Basalgangla  0.450 31.263  2.865
subject. éMP [11C]d-threo Cerebellum 0.434 10.911 1.000
MP; I-MP [11C]I-threo-MP. I-MP Basal ganglia 0.343 13.578 1.346
Values are given for the distri- Cerebellum 0.324 10.090 1.000
bution volume DV) and the tis-

sue-to-plasma transport con-  Subject 2 d-MP Basal ganglia 0.485 26.569 2.307
stant K,) in the basal ganglia Cerebellum 0.359 11.517 1.000
(BG) and cerebellumB) and I-MP Basal ganglia 0.409 11.073 1.030
for the ratio of theDV of BGto Cerebellum 0.407 10.754 1.000

that of CB (DVj/DVep)
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900 binding ofl-isomer is mostly non-specific. This leads to
the very important issue of whether or not we should use
a racemic drug or a single enantiomer. It is estimated that
approximately 1.5 tons of MP were used in the US in
1990, sales of the drug last year alone exceeded $350
million. Studies also indicate that those with untreated
ADHD are more likely to become alcoholics, smokers or
drug abusers than the general population (Gittelman et
al. 1985). If the beneficial effects of the drug reside only
in the d-threoform, then 50% of the weight of the ad-
ministered drug may not contribute to its therapeutic ef-
fects, or may interact to influence the behavior of the ac-
tive form by multiple mechanisms or it may contribute to

800 -
700
600

500

DA (% of basal)

400
300

200

100 4 B S e
] ‘ its side effects.
0 e The mechanism(s) which make methylphenidate work
0O 80 100 150 200 250 300 350 for ADHD patients is still unclear, though it has been
Time (min.) suggested that the stimulant appears to increase the level

of extracellular dopamine in the frontal lobe of the brain
Fig. 4 Effectst Oft_ methylpffrleegi?nagsmon r%gr:\fgggatrriztr:ia}teasligw@zaterstrom et al. 1988; Butcher et al. 1991; Volkow et
mine concentrations In - H H H i
from control studiesOpen circlesare ?rom studies perforgmed fol- al. 19.94)’ Whe_re it regulates attenfuon and ImPUI.SIVIty'_
lowing d-threoMP administrationtrianglesare fromdl-threomp 1 ne difference in terms of therapeutic effects and side ef
andopen squareare froml-threo-MP. The dose of each drug usedects that are involved by using thdorm alone as com-
in the studies was 20 mg/+g pared to the use of the racemic drug would in principle
help us better to understand the mechanism(s). Of
course, this requires large size and long-term human
Discussion studies. Additionally, the results of the assays for un-

changed tracer in baboon and human plasma after IV in-
MP (Ritalin) is a routinely prescribed oral drug that ajection of F1C]d-threoMP and [C]l-threo-MP demon-
lows children and a growing number of adults to focs$rated a similar bioavailability for both tracers which are
their minds. It is a chiral drug and is marketed asdthe consistent with previous studies that the two enantiomers
threoracemic form. As we know, differences in the bidhave a similar bioavailability after 1V administration
logical activities of the individual enantiomers for doZ-Srinivas et al. 1992, 1993). Though the rates of metabo-
ens of racemic drugs has been reported in specialiieth are different with a higher percentage of unchanged
journals and texts (Wainer and Drayer 1988; KrogsdalC]d-threoMP as compared to that dfiC]l-threo-MP
ard-Larson and Bundgard 1991; Sheldon 1993). White both baboon and human, this was also consistent with
therapeutic activity often resides in one enantiomer, theevious reports of a slightly higher ratio @fversusl
other can lead to undesirable side effects. The thalidgemer in the plasma after IV administration of MP.
mide tragedy (only the L enantiomer of the racemic thidewever, an extensive stereoselective presystemic meta-
lidomide, a sedative, displayed therapeutic effectmlism after oral administration has been observed; that
whereas the D enantiomer caused pregnant womeristdhe drug enters the systemic circulation with a signifi-
give birth to deformed babies) offers a noteworthy exaeant distortion in the enantiomeric ratio that favors the
ple (Brown and Davies 1989). With the current trend more actived-enantiomer d-threoMP found in both
the pharmaceutical industry to develop optically putgine and plasma was 8 to 10 fold greater thtmeo-
products, the stereoselectivity of drugs has becomeéMR) (Hungund et al. 1979; Chan et al. 1980; Srinivas et
timely subject. Our comparative PET studies demoal 1990, 1992, 1993).
strate the neurochemical specificity dthreoMP in vi- To date, efforts in clinical work have shown that it is
Vo, supporting the prevailing view that the stimulant efrost beneficial to use single-enantiomer drugs when
fects of MP and related drugs are related more consige of the isomers proves too toxic or causes undesir-
tently to their inhibitory actions on the dopamine tranable side effects; for example, many of the serious side
porter than other neurotransmitter transporters; howewdfects encountered with racemic dopa, such as granulo-
I-threo-MP only contributes to non-specific bindingcytopenia, were not seen with L-dopa (Thall 1996). In
These results are consistent with a number of behavarpther exampleR(-)methadone, the more active com-
in vitro and ex-vivo studies (Ferris et al. 1972; Schwegybonent of racemic methadone which is used for the
et al. 1985; Patrick et al. 1987; Eckerman et al. 199featment of heroin addiction, is prescribed to patients
Aoyama et al. 1994). Our microdialysis studies in fremffering from severe liver damage in order to avoid the
moving rats, which allow us directly to measure the efxtra burden of metabolizing the inactive enantiomer
fect of a drug on extracellular striatal dopamine in tl{greek et al. 1979).
brain, further demonstrate that pharmacological specific-In conclusion, these comparative studies of enanti-
ity of MP resides entirely in thd-threoisomer and the omerically pure JC]d-threoMP and [C]I-threo-MP
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in both baboon and human brain demonstrate high spe-mines into rat cerebral cortex slices, synaptosomal prepara-
cific to non-specific binding, selectivity to DA trans- tions of rat cerebral cortex, hypothalamus and striatum and in-

S to adrenergic nerves of rabbit aorta. J Pharmacol Exp Ther
1 - -
porters and reversibility ofl}C]d-threoMP as com 181:407-416

pared to mostly non-specific binding 8tC]I-threo-MP.  Gitteilman R, Mannuzza S, Shenker R, Bonagura N (1985) Hyper-
These PET studies, along with microdialysis studies, active boys almost grown up. I. Psychiatric status. Arch Gen
strongly indicate that pharmacological specificity of MP  Psychiatry 42:937-947

. : : _ : : Hungund BL, Perrl JM, Hurwic MJ, Sverd J, Winsberg BG (1979)
resides entirely in thel-threo isomer, supporting the Pharmacokinetics of methylphenidate in hyperkinetic children.

further evaluation of using a single enantiontith{reo- Br J Clin Pharmacol 8:571-576
MP) instead of racemic MP as the commercial drugeek MJ, Hachey DL, Klein PD (1979) Stereoselective disposi-
form. tion of methadone in man. Life Sci 24:925-932
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