
Abstract Rationale: The psychostimulant dl-threo-methyl-
phenidate is commonly used to treat attention deficit-
hyperactivity disorder (ADHD). Consistent with its ef-
fects in ADHD patients, racemic methylphenidate antag-
onizes behavioral hyperactivity in several animal models
of ADHD, including juvenile rats with neonatal 6-hy-
droxydopamine (6-OHDA) lesions of forebrain dopa-
mine projections. The enantiomers of methylphenidate
differ markedly in stimulant potency but have not been
compared in the 6-OHDA lesion model. Objective: Lo-
comotor-inhibiting effects of methylphenidate enantio-
mers were compared in 6-OHDA-lesioned rats to test the
hypothesis that d-methylphenidate is more potent than
dl- and l-methylphenidate. Methods: Selective dopamine
lesions were made using 6-OHDA (100 µg, intracister-
nal, IC) on postnatal day (PD) 5 after desipramine
(25 mg/kg, SC) pretreatment to protect noradrenergic
neurons. Effects of d-, l- and dl-threo-methylphenidate
on locomotor activity of lesioned and sham control rats
were quantified at PD 23–27. Results: Lesioning yielded
robust motor hyperactivity at PD 23–27. Both d- and dl-
methylphenidate stimulated locomotor activity in intact
rats, and inhibited activity in lesioned rats. l-Methylphe-
nidate did not affect locomotor activity in either lesioned
rats or controls. d-Methylphenidate (ED50=1.66 mg/kg)
was 3.3 times more potent than dl-methylphenidate
(ED50=5.45 mg/kg) in reducing locomotor hyperactivity
in lesioned rats. In addition, pretreatment of lesioned rats
with l-methylphenidate significantly reduced the motor
inhibiting effects of d-methylphenidate. Conclusions:
The more active enantiomer, as predicted, was d-methyl-

phenidate, but the l-enantiomer interfered with its ef-
fects, suggesting that clinical potency of d-methylpheni-
date may be more than twice that of the racemate.
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Introduction

Attention deficit-hyperactivity disorder (ADHD) is a
prevalent neuropsychiatric disorder characterized by in-
attention, hyperactivity and impulsivity, most often diag-
nosed in boys (Barkley 1997). A very commonly pre-
scribed medication for ADHD is dl-threo-methylpheni-
date (MPD; Ritalin) (Swanson et al. 1995; Findling and
Dogin 1998; Wender 1998). Despite extensive research
on the molecular action of this drug, the precise mecha-
nisms by which it alleviates symptoms of ADHD remain
uncertain. It is widely assumed that its ability to facili-
tate the release and activity of dopamine (DA) in fore-
brain is involved, since a primary molecular target of
methylphenidate in the mammalian central nervous
system is the neuronal membrane DA transporter (DAT)
protein (Ritz et al. 1987; Gatley et al. 1996). A recent
brain imaging study by Volkow et al. (2001) demonstrat-
ed that methylphenidate increased extracellular DA in
human brain at doses commonly used to treat ADHD pa-
tients.

Currently clinically employed methylphenidate is ra-
cemic R,S-(±)-threo-methyl-2-phenyl-2-[2′-piperidyl]ac-
etate. Dissimilar biological activities of separate enantio-
mers have been reported for numerous drugs (Sheldon
1993). For chiral agents, potential advantages of single-
enantiomer preparations include smaller doses and po-
tentially reduced risk of adverse effects (Thall 1996).
Several studies in laboratory animals have indicated that
the d-enantiomer of methylphenidate, R,R-(+)-threo-
methylphenidate, is more potent than the racemate and
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far more active than the l-methylphenidate S,S-(–)-threo-
enantiomer (Patrick et al. 1987; Aoyama et al. 1996;
Kula et al. 1999). Moreover, a preliminary double-blind,
randomized crossover study of nine boys with ADHD
compared acute doses of d- and l-threo-methylphenidate
with the racemate and placebo, using computerized be-
havioral tests of attention (Srinivas et al. 1992). At 5 mg
d-methylphenidate produced similar acute effects to
10 mg of dl-methylphenidate, and the l-enantiomer was
indistinguishable from placebo. This finding suggests
that the potency ratio of d- versus dl-methylphenidate
may be close to 2.0, as expected if the l-isomer is psy-
chopharmacologically inert.

However, the separated enantiomers of other dopami-
nergic agents, including aporphines, exert dissimilar or
even contradictory actions to the primary, psychophar-
macologically active enantiomer (Froimowitz et al.
1986; Neumeyer et al. 1988; Campbell et al. 1990,
1991). In keeping with this possibility, recent findings
from this laboratory in intact adult rats indicate that l-
methylphenidate is not merely inactive, but rather inter-
feres with the stimulant effect of the d-enantiomer (R.J.
Baldessarini, A. Campbell, N.S. Kula, in preparation).

Accordingly, we further tested the hypothesis that the
d-threo-enantiomer of methylphenidate is the more ac-
tive enantiomer, quantified the potency ratio of d- versus
racemic drug, and tested for a possible interaction be-
tween the enantiomers. We employed a widely used lab-
oratory model of ADHD based on motor hyperactivity in
juvenile male rats [maximal at postnatal days (PD)
20–30] following neonatal lesioning of the cerebral DA
system with 6-hydroxydopamine (6-OHDA; Shaywitz et
al. 1976, 1978, 1984; Erinoff et al. 1979; Concannon et
al. 1983; Kostrzewa et al. 1994; Zhang et al. 2001). Such
animals show motor hyperactivity with deficient adapta-
tion to novel environmental stimuli, as well as learning
deficits (Shaywitz et al. 1976, 1978, 1984; Erinoff et al.
1979; Archer et al. 1988; Takasuna and Iwasaki 1996;
Luthman et al. 1997). In this model, motor hyperactivity
and some learning deficits are dose-dependently reversed
by psychostimulants including d-amphetamine and dl-
methylphenidate (Shaywitz et al. 1978; Heffner and 
Seiden 1982; Wool et al. 1987; Luthman et al. 1989;
Zhang et al. 2001).

Materials and methods

Neonatal 6-hydroxydopamine lesioning

Neonatal 6-OHDA lesioning followed methods previously de-
tailed by this laboratory (Teicher et al. 1986, 1998; Zhang et al.
2001). Sprague-Dawley rats (Charles River Labs, Wilmington,
Mass., USA) were maintained under a 12/12-h artificial-day-
light/dark schedule (on, 0700–1900 hours), with free access to tap-
water and standard commercial rat chow. On PD 1, male pups
were randomly assigned to lactating dams (ten per dam). On PD 5,
pups were given subcutaneous (SC) injections of desipramine hy-
drochloride (25 mg/kg body weight; Sigma Chemicals, St Louis,
Mo., USA). At 45 min later, under hypothermal anesthesia, sub-
jects were randomly given an intracisternal (IC) injection of 20 µl

vehicle [0.9% (w/v) sodium chloride containing 0.1% (w/v) ascor-
bic acid], or 6-OHDA hydrobromide (100 µg free base; Sigma-
RBI, Natick, Mass., USA). Pups were returned to nursing dams in
home cages after regaining consciousness. All procedures were
approved by the McLean Hospital Institutional Animal Care and
Use Committee and conducted in a facility that fully complies
with the NIH Guide for the Care and Use of Laboratory Animals
of 1996 and other federal and local requirements.

Behavioral testing

Racemic dl-methylphenidate (dl-threo-methylphenidate hydro-
chloride, chemical purity >99% by thin layer chromatography)
was obtained from Sigma-RBI, and the pure d-threo- and l-threo-
methylphenidate hydrochloride enantiomers (enantiomeric purity
for both >99% by liquid chromatography) were generously donat-
ed by Celgene Corporation (Warren, N.J., USA). The reported
plasma half-life of dl-methylphenidate in adult rat is about 1–2 h
(Wargin et al. 1983). Accordingly, to avoid carryover effects, each
subject was tested in three sessions separated by 48 h, at PD 23,
25 and 27 in experiments 1–3. A total of 14 sham, and 55 lesioned
rats was tested.

Experiment 1

For each sham-lesioned animal, one testing session involved vehi-
cle [0.9% (w/v) saline] as a within-subject control, and others two
involved randomly assigned d-, l-, or dl-methylphenidate at
3 mg/kg. Thus, the experiment involved a total of 14 vehicle, and
28 drug treatments.

Experiment 2

Each 6-OHDA-lesioned animal was tested on three occasions, in
random order, with vehicle [0.9% (w/v) saline] as a within-subject
control, and twice with d-, l-, or dl-methylphenidate at one of four
selected doses (0.3, 1, 3, or 10 mg/kg). That is, each 6-OHDA-
lesioned rat was treated with two of 12 possible active treatments
on 2 drug treatment days. This experiment included a total of 44
lesioned rats given 44 vehicle and 88 drug treatments.

Experiment 3

Separate subjects were tested for a possible influence of l-methyl-
phenidate on the actions of the d-enantiomer by pretreating 6-
OHDA-lesioned rats with saline vehicle or l-methylphenidate
(10 mg/kg), followed by vehicle or d-methylphenidate (10 mg/kg)
in random order 15 min later. This experiment included 11 lesion-
ed animals, given 11 treatments with vehicle (vehicle plus vehicle)
and 22 drug treatments (vehicle plus d-methylphenidate or l-meth-
ylphenidate plus d-methylphenidate).

To avoid order effects, treatments were randomized with strati-
fication, so that every treatment group was represented similarly at
testing days PD 23, 25 or 27. All test treatments were given intra-
peritoneally (IP) in a volume of 5.0 ml/kg just before electronic
recording of locomotor activity for 90 min. Rats were immediately
returned to lactating dams after testing.

Rats were tested individually in a novel testing environment in
43.2×20.3×20.3 cm transparent plastic cages exposed to 4×8 hori-
zontal infrared beams in a photobeam activity monitoring system
(San Diego Instruments; San Diego, Calif., USA), between 1000
and 1600 hours in the absence of food and water (Zhang et al.
2001). Breaking of consecutive photobeams was scored as loco-
motor activity counts, accumulated at 5-min intervals by a micro-
computer.
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Lesion verification

Lesioning with 6-OHDA was verified by autoradiographic analy-
sis of the density of binding of [3H]2-β-carbomethoxy-3-β-[4′-
iodophenyl]tropane (β-CIT; Kula et al. 1999) to DA transporter
proteins, as an index of the concentration of DA terminals in rat
forebrain. For this purpose, rats were killed at PD 29 by decapita-
tion at 48 h after final behavioral testing, and their brains were
quickly removed and frozen. Coronal brain sections (10 µm) were
prepared in a cryostat at –17°C, thaw-mounted on gelatin-coated
microscopic slides, and stored at –80°C. Sections were preincubat-
ed for 60 min at room temperature in 50 mM TRIS-citrate buffer
(pH 7.4) containing 120 mM NaCl and 4 mM MgCl2. Sections
were then incubated for another 60 min in fresh buffer containing
2 nM [3H]β-CIT (64.7 Ci/mmol; Tocris Cookson Ltd, Bristol,
UK). Specific binding was defined with excess GBR-12909
(1 µM; Sigma-RBI). After incubation, slides were washed twice in
ice-cold buffer for 5 min, rinsed in cold deionized water, and air-
dried. Slides were exposed to [3H]-sensitive Hyperfilm radio-
graphic film (Kodak, Rochester, N.Y., USA) at 4°C for 14 days
with [3H]standards, and developed for standard autoradiographic
processing. Radioligand binding was quantified in lateral and me-
dial caudate-putamen (CPu) and nucleus accumbens septi (NAc)
with a computerized image analyzer (MCID-M4; Image Research
Inc., St Catherines, Ontario, Canada), and converted to nCi/mg tis-
sue using [3H]reference standards to express results as mean±SEM
fmol/mg tissue. These methods are detailed in previously pub-
lished reports (Tarazi et al. 1997, 2000).

Data analysis

Lesion effects on DAT density were analyzed by two-way analysis
of variance (ANOVA; for overall changes across treatments and
brain regions), followed by post-hoc Dunnett's t-tests for planned
comparisons. Behavioral data were analyzed similarly using 
ANOVA with Statview-5 programs (SAS Corp.; Cary, N.C.,
USA), but with locomotor activity as a repeated measure. All data
are presented as means±SEM. Differences between treatment
groups were considered statistically significant at P≤0.05 in two-
tailed tests. Median-effective inhibitory doses (ED50) and their
95% confidence intervals (CI) were computed with the Allfit pro-
gram adapted to the Macintosh microcomputer (Munson and 
Rodbard 1980; Baldessarini et al. 1992; Kula et al. 1999). Rela-
tionships between lesion-induced motor hyperactivity and DAT
levels were evaluated by nonparametric Spearman rank correlation
(rs).

Results

Effects of lesioning on dopamine terminals

Neonatal 6-OHDA lesioning at PD 5 produced profound
reductions in DAT binding in both CPu and NAc follow-
ing death on PD 29 after completion of behavioral and
pharmacological testing. Losses of DAT binding were
consistent among 6-OHDA-lesioned rats (range, in later-
al CPu: 28.7–47.1, medial CPu: 17.4–34.1, NAc:
18.7–42.6 fmol/mg, all groups n=14) and in sham con-
trols (lateral CPu: 100.5–159.3, medial CPu: 74.1–128.1,
NAc: 47.1–95.6, all groups n=10). Average losses com-
pared to sham-lesioned controls were 71% in lateral
CPu, 75% in medial CPu, and 57% in NAc (Table 1).

Lesion-induced motor hyperactivity

Neonatal 6-OHDA lesioning resulted in markedly in-
creased and sustained spontaneous locomotor activity in
juvenile lesioned rats placed in a novel environment,
pooling from all subjects tested between PD 23–27 (in
n=55 lesioned versus n=14 sham-controls: P<0.001;
Fig. 1). Motor activity of lesioned rats was similar to that
of sham controls for the first 5–10 min of testing, but in
contrast to the controls in which locomotion declined
rapidly to a stable level within 30 min, activity in lesion-
ed rats failed to decline throughout the 90-min session.
Motor activity levels in 6-OHDA-lesioned rats on sepa-
rate days (PD 23, 25, 27) did not differ significantly de-
spite repeated testing in novel environments across test-
ing days [F(2,52)=1.23, P=0.30]. Activity levels in iden-
tically treated 6-OHDA-lesioned rats from behavioral
experiments 2 (n=44) and 3 (n=11) also did not differ
from each other [F(1,53)=0.22, P=0.64].

In association with minor individual variation in DAT
labeling, no correlation was found between motor hyper-
activity in 6-OHDA-lesioned rats and the loss of DAT
binding in individual animal (rs for all three brain re-
gions averaged 0.139 (all P averaged 0.64; n=14).

Table 1 Effects of neonatal 6-OHDA lesioning on binding of
[3H]β-CIT to dopamine transporters quantified autoradiographi-
cally in juvenile rats. Data are specific binding (mean fmol/mg tis-
sue±SEM) for n=10–14 rats/group

Sham 6-OHDA % of 
controls lesioned control

Lateral caudate-putamen 131±7.7 37.9±1.4a 28.9
Medial caudate-putamen 102±7.9 24.9±1.5a 24.4
Nucleus accumbens septi 71.6±7.4 30.8±1.9a 43.0

a P<0.001 versus corresponding sham-lesioned controls

Fig. 1 Effects of neonatal 6-OHDA lesioning on motor activity.
Data are mean±SEM locomotor activity scores collected at 5-min
interval for 90 min in a novel testing environment between PD
23–27. Responses differ highly significantly between the sham
controls and lesioned rats treated with vehicle and pooled from all
experiments (P<0.00l)
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Behavioral effects of methylphenidate enantiomers 
in sham-lesioned rats (experiment 1)

There was no evidence of a group-order artifact since
motor activity with vehicle treatment did not differ
among rats given different drugs [F(2,25)=0.15,
P=0.86]. Accordingly, we pooled the vehicle data (n=14)
to comprise the controls for the drug-treated condition
with d- (n=9), dl- (n=10), and l-methylphenidate (n=9) in
sham rats.

When tested at 3 mg/kg, dl-methylphenidate and d-
methylphenidate (both P<0.001 versus vehicle control)
produced strong stimulatory responses in unlesioned rats
with marked increases of locomotor activity that re-
turned to vehicle-treated control levels within 90 min. In
contrast, l-methylphenidate had no significant effect at
the dose tested (Fig. 2A). Total activity scores for the en-
tire 90-min sessions also show the stimulating effects of
dl-methylphenidate (P<0.05 versus vehicle control) and
d-methylphenidate (P<0.001 versus vehicle control) and
lack of effect with l-methylphenidate (Fig. 2B). d-Meth-
ylphenidate was more active than dl-methylphenidate in
increasing locomotor activity in sham rats (P<0.001,
Fig. 2A).

Behavioral effects of methylphenidate enantiomers 
in 6-OHDA-lesioned rats (experiment 2)

Pure d-methylphenidate dose-dependently and potently
antagonized 6-OHDA lesioning-induced hyperactivity.
By intra-individual comparison of vehicle treatment to
doses of d-methylphenidate: 0.3 mg/kg (n=8), P=0.98;
1 mg/kg (n=6), P=0.07; 3 mg/kg (n=9), P<0.001;
10 mg/kg (n=6), P<0.001 (Fig. 3).

The racemate also antagonized 6-OHDA lesioning-in-
duced hyperactivity, comparing intra-individual vehicle
treatment to doses of dl-methylphenidate: 0.3 mg/kg

(n=7), P=0.95; 1 mg/kg (n=9), P=0.98; 3 mg/kg (n=9),
P<0.05; 10 mg/kg (n=8), P<0.001 (Fig. 4).

In contrast, l-methylphenidate did not appreciably al-
ter locomotor activity in lesioned rats at any dose, com-
paring intra-individual vehicle treatment to doses of l-
methylphenidate: 0.3 mg/kg (n=5), P=0.32; 1 mg/kg
(n=8), P=0.84; 3 mg/kg (n=5), P=0.94; 10 mg/kg (n=7),
P=0.29.

Comparison of drug effects of d- and dl-methylpheni-
date on locomotor activity scores in a range of doses 
(0 and 0.3–10 mg/kg, IP) are compiled from data of
Figs 3 and 4 (Fig. 5). Pure d-methylphenidate inhibited
lesion-induced hyperactivity with an ED50 of 1.66 (95%

Fig. 2A, B Effects of d-, dl-, 
l-methylphenidate (MPD; all at
3 mg/kg, IP) and vehicle on 
locomotor activity in sham-
lesioned controls. A Locomotor
activity scores collected at 
5-min intervals; B activity
scores for the entire session.
[a] P<0.05, and [b] P<0.00l
versus vehicle controls, 
[c] P<0.01 versus dl-methyl-
phenidate

Fig. 3 Effects of d-methylphenidate (MPD) on motor hyperactivi-
ty in 6-OHDA-lesioned juvenile male rats, at doses of: A 0.3, 
B 1.0, C 3.0, or D 10.0 mg/kg, IP. [a] P<0.001 versus vehicle con-
trols
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CI=1.08–2.24) mg/kg, compared to dl-methylphenidate
ED50 of 5.45 (CI=4.57–6.33) mg/kg, indicating a 3.3-
fold potency difference. If l-methylphenidate were com-
pletely inactive, a theoretically predicted ED50 value for
the d-enantiomer would be one-half that of the racemate,
or 2.72 (CI=2.16–3.28) mg/kg, compared to the nearly
significantly different observed value of 1.66 (CI=1.08–
2.24).

Interaction study (experiment 3)

Interaction of l- with d-methylphenidate was tested in
rats by pretreating with l-methylphenidate (10 mg/kg, IP)
at 15 min before challenging with the d-enantiomer
(10 mg/kg, IP). Pretreatment with the l-enantiomer sig-
nificantly attenuated the effects of d-methylphenidate
(P<0.001, n=11; Fig. 6). In these experiments d-methyl-
phenidate also strongly reduced hyperactivity compared
to vehicle (P<0.001; Fig. 6).

Discussion

Consistent with previous studies (Shaywitz et al. 1976,
1978, 1984; Erinoff et al. 1979; Zhang et al. 2001), 6-
OHDA lesioning of developing DA projections in rat
forebrain of neonatal male rat pups resulted in robust lo-
comotor hyperactivity and lack of adaptation to a novel
environment when subjects were tested at a later juvenile
stage (Fig. 1).

We also verified by autoradiographic analysis of DAT
binding with an improved radioligand (Kula et al. 1999;
Tarazi et al. 2000), that neonatal 6-OHDA lesioning led
to major losses of DA innervation in forebrain tissue of
juvenile rats with limited variance and without signifi-
cant correlation to individual motor activity levels (Ta-
ble 1). Motor hyperactivity induced by neonatal lesion-
ing with 6-OHDA is particularly associated with destruc-
tion of mesolimbic DA pathways (Heffner et al. 1983;
Shaywitz et al. 1984). However, individual behavioral
responses have not been found to be closely related to
DA concentrations in brain regions in individual animals
(Schwarting and Huston 1996).

At a screening dose of 3 mg/kg in sham-lesioned con-
trol rats, d-methylphenidate was more effective than dl-

Fig. 4 Effects of dl-methylphenidate (MPD) on motor hyperactiv-
ity in 6-OHDA-lesioned juvenile male rats, at doses of: A 0.3, 
B 1.0, C 3.0, or D 10.0 mg/kg, IP. [a] P<0.05; [b] P<0.001 versus
vehicle controls

Fig. 5 Potency of d- versus dl-methylphenidate (MPD) in inhibit-
ing lesion-induced motor hyperactivity, based on doses of 0, and
0.3–10 mg/kg, and total activity scores for 90-min sessions. Com-
puted ED50 as 1.66 mg/kg for d-methylphenidate, 5.45 mg/kg for
dl-methylphenidate (potency ratio=3.3)

Fig. 6 Effects on locomotor responses (mean activity counts/
5 min±SEM) in 6-OHDA-lesioned rats, treated with vehicle injec-
tions (open circles), d-methylphenidate (MPD; 10 mg/kg; open tri-
angles; P<0.001 versus vehicle controls), or l- plus d-methylphe-
nidate (both 10 mg/kg, IP; filled circles; P<0.001 versus d-methyl-
phenidate)



methylphenidate in stimulating locomotor activity, and
the l-enantiomer had little effect (Fig. 2). These results
accord with previous observations that the d-enantiomer
was the active enantiomer in stimulating motor activity
(Patrick et al. 1987; Aoyama et al. 1996) and reducing
milk consumption in intact adult rats (Eckerman et al.
1991). Similar enantiomeric differences were verified in
a preliminary experiment in the present study with intact
juvenile rats (Fig. 2). Our previous in vitro studies indi-
cated that the d-enantiomer was 10- to 20-fold more po-
tent than the racemate in competing for binding of sever-
al chemically dissimilar radioligands at DAT in homoge-
nates of rat CPu tissue, and in inhibiting the transport of
[3H]DA into isolated nerve terminals prepared from
fresh rat CPu (Kula et al. 1999).

Other differences between the enantiomers of methyl-
phenidate may include their stereoselective tissue ab-
sorption or metabolic disposition (Kimko et al. 1999;
Challman and Lipsky 2000). Notably, plasma concentra-
tions of d-methylphenidate were higher than those of the
l-enantiomer in human subjects given identical oral dos-
es (Hubbard et al. 1989; Srinivas et al. 1992). On the
other hand, plasma levels and clearance in human sub-
jects given the enantiomers intravenously were indistin-
guishable, suggesting that lower concentrations of l-
methylphenidate after oral administration might be due
to a stereoselective first-pass metabolic effect (Srinivas
et al. 1993). A recent study using positron-emission
tomographic (PET) brain imaging found that competition
of [11C]d-methylphenidate to DA-rich CPu tissue in hu-
man brain was much greater than that of [11C]l–methyl-
phenidate (tracer doses for both 6–7 mCi), with much
greater enantiomeric selectivity than was found in cere-
bral cortex or cerebellum (Ding et al. 1997). However,
these differences may reflect a pharmacodynamic prefer-
ence for the d-enantiomer at active target sites including
the DAT in forebrain tissue.

We now report for the first time, that d-threo-methyl-
phenidate was also more potent than the racemate in re-
ducing locomotor hyperactivity in the 6-OHDA-lesion-
ing model of ADHD in juvenile male rats, whereas the l-
enantiomer was virtually inactive by itself at the doses
tested (Fig. 3, Fig. 4). The ED50 ratio for d- versus dl-
methylphenidate was substantially greater than the theo-
retical value of 2.0 that would be expected if the l-enan-
tiomer were pharmacologically inert. Instead, the ob-
served d- versus dl-methylphenidate potency ratio of 3.3
(Fig. 5) is consistent with the idea that the l-enantiomer,
including that in the racemate, may interfere with the ac-
tions of d-methyphenidate. This hypothesis is consistent
with our recent finding of a dose-dependent inhibitory
effect of l-methylphenidate against d-methylphenidate in
intact adult rats (R.J. Baldessarini, A. Campbell and N.S.
Kula, in preparation). In a direct test of such an interac-
tion using the lesioned juvenile rat model, pretreatment
with l-methylphenidate significantly attenuated locomo-
tor responses of 6–OHDA lesioned rats to a subsequent
challenge with an equal dose of d-methylphenidate
(Fig. 6).
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Mechanisms underlying an evident antagonistic ac-
tion of l-methylphenidate against d-methylphenidate are
not clear. It may be that the less potent l-enantiomer
competes for DAT sites in vivo to reduce the net effec-
tiveness of d-methylphenidate. Such a mechanism would
be analogous to the competition by a weak partial-ago-
nist against a potent or full agonist of DA receptors to
yield a net functional antagonistic action, as we have re-
ported previously in the antagonism by S(+)-enantiomers
of various aporphines against their more DA agonistic
R(–)-enantiomers, or against DA itself (Campbell et al.
1990, 1991). Such a competitive interaction may also ac-
count for paradoxical, apparently antidopaminergic ef-
fects of other relatively weak DA partial agonists in in-
tact nervous system, including ergolines that act as more
potent agonists at up-regulated or sensitized DA recep-
tors, such as in 6-OHDA lesioned rat brain and perhaps
also in Parkinson's disease (Campbell et al. 1989; 
Coward et al. 1990).

In conclusion, the present experiments demonstrated
that the locomotor inhibiting effects of dl-methylpheni-
date in juvenile 6-OHDA-lesioned rat model of clinical
ADHD can be attributed solely to the d-enantiomer, and
that the l-enantiomer interacts with the d-enantiomer to
limit this effect. Clinical evaluation of d-methylphenidate
for the treatment of ADHD should consider this interac-
tion and the possibility that the potency of d- versus dl-
methylphenidate may be greater than the 2:1 ratio expect-
ed if l-methylphenidate were pharmacologically inert.
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