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Background: The human motor cortex (M1) has a role
in motor learning. Antiepileptic drugs that suppress M1
excitability may affect learning, presumably by inhibit-
ing long-term potentiation. Levetiracetam, a new anti-
epileptic drug with a unique preclinical profile, also sup-
presses M1 excitability, but in a way that is different from
other antiepileptic drugs. The effect of levetiracetam on
motor learning has yet to be addressed.

Objective: To investigate whether levetiracetam alters
rapid motor learning in humans.

Methods: We measured pinch force and acceleration
and motor excitability before and after 30 minutes of pinch

practice at 0.5 Hz in 10 healthy volunteers. Either 3000
mg of levetiracetam or placebo was administered 1 hour
before the experiment.

Results: After practice, pinch acceleration was signi-
ficantly increased with placebo, but not with leveti-
racetam. All other measures showed no significant change.

Conclusion: Levetiracetam interferes with rapid motor
learning; this is consistent with a negative influence on
long-term potentiation.
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T HE HUMAN MOTOR cortex
(M1) has a role not only in
executing voluntary move-
ment but also in perform-
ing more intricate pro-

cesses such as motor learning.1 Motor
output maps are enlarged during acquisi-
tion of new skills.2,3 In addition to its in-
volvement in motor skill learning that oc-
curs over several days to weeks, M1 can
show changes in excitability with rela-
tively short-term training for an hour or
less.4 Rapid motor learning is presum-
ably related to reorganization of M1 that
encodes the kinematic details of the prac-
ticed movement.5 In rat brain, repetition
of certain movements modifies synaptic ef-
ficacy,6 resulting in long-term potentia-
tion (LTP) that has also been demon-
strated in M1.7 Thus, rapid motor learning
may require short-term alterations in syn-
aptic dynamics, such as LTP or a similar
process, that contribute to change in M1
excitability.

Long-term potentiation is part of a
continuum of types of neural modifica-
tion, some leading to beneficial alter-
ations such as motor learning and others
that may be primarily pathological, such
as kindling.8 Many antiepileptic drugs
(AEDs) affect learning and memory, likely
through influences on LTP, like their ef-
fects on kindling.9-11 The AEDs affecting

�-aminobutyric acid (GABA) transmis-
sion suppress both M1 excitability and
plasticity.12-14 However, lamotrigine, a so-
dium- and calcium-channel modifier, does
not affect practice-related M1 plasticity,
which shares the same mechanism as rapid
motor learning,13 although it suppresses
M1 excitability.14 Levetiracetam is a novel
AED with an unique preclinical profile.15

We have previously shown that leveti-
racetam also suppresses M1 excitability,
but differently from other AEDs.16 To bet-
ter understand the mechanism of leveti-
racetam’s action, we investigated its effect
on M1 plasticity by means of a rapid mo-
tor learning paradigm.

METHODS

Ten healthy, right-handed volunteers (age, 22
to 43 years; 5 women and 5 men) participated
in this study. All gave written informed con-
sent. The experiment was approved by the in-
stitutional review board of the National Insti-
tute of Neurological Disorders and Stroke,
Bethesda, Md.

Maximum pinch force of the left thumb
and index finger was determined by means of
a pinch gauge (Jamar; Sammons Preston, Inc,
Bolingbrook, Ill). Volunteers were instructed
to use only their thumb and index finger for
the pinch force measurements. Maximum
forces for 5 maximum voluntary contractions
were measured each time, and average pinch
force of 5 trials was calculated.
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Acceleration of each thumb flexion was measured by a min-
iature triaxial accelerometer (model 8791A250; Kistler Instru-
ment Corp, Amherst, NY), firmly affixed to the proximal pha-
lanx of the thumb with tape. The signal was amplified by a
powered signal conditioner (Type 5134 power supply/
coupler; Kistler Instrument Corp). Two-dimensional accelera-
tion (x- and y-axis representing the proximal-distal and up-
down directions, respectively, of the thumb movement) was
measured simultaneously. The peak accelerations of 12 pinch
movements were measured each time and average accelera-
tion was calculated.

Motor evoked potentials (MEPs) of the flexor pollicis brevis
(FPB) and abductor digiti minimi muscles of the left hand were
recorded by means of silver–silver chloride surface electromyog-
raphy (EMG) electrodes placed over these muscles in a belly-
tendon montage. The EMG amplitude was amplified by means
of a conventional EMG machine (Counterpoint; Dantec Elec-
tronics, Skovlunde, Denmark), with bandpass between 10 and
2000 Hz. The signal was digitized at a frequency of 5 kHz and
fed into a laboratory computer for further off-line analysis. Trans-
cranial magnetic stimulation (TMS) was delivered through a figure-
of-8–shaped coil (each loop measures 70 mm in diameter) con-
nected to a magnetic stimulator (Magstim 200; The Magstim
Company Ltd, Whitland, Wales), and placed flat on the scalp over

the right M1. The intersection of the coil was placed tangentially
to the scalp with the handle pointing backward and laterally at a
45° angle away from the midline. With a slightly suprathreshold
stimulus intensity, the stimulating coil was moved over the right
hemisphere to determine the optimal position for eliciting MEPs
of maximal amplitudes in the FPB. The optimal position of the
coil was then marked on the scalp with a pen to ensure coil place-
ment throughout the experiment. The TMS triggering and data
acquisition were controlled with a LabVIEW program (National
Instruments, Austin, Tex).17

Resting motor threshold (RMT) was determined to the near-
est 1% of the maximum stimulator output and was defined as
the minimal stimulus intensity required to produce an MEP of
more than 50 µV in at least 5 of 10 consecutive trials. The MEP
amplitudes were measured peak to peak. Recruitment curve of
MEP amplitudes at stimulation intensities of 110%, 120%, 130%,
and 140% RMT were measured. The TMS stimuli were deliv-
ered randomly between 5 and 7 seconds apart, with 15 stimuli
for each stimulation intensity beginning with the lowest inten-
sity, that is, 110% RMT.

Supramaximal electrical stimulation of the median and ul-
nar nerves at the wrist was used to assess spinal and periph-
eral motor excitability. While muscles were relaxed, the peak-
to-peak amplitude and persistence of F waves (average, 20 trials)
and compound muscle action potential (CMAP; maximum, 3
trials) were determined. The sum of CMAPs after median and
ulnar nerve stimulation was used for the FPB.

After surface EMG electrodes were placed, each volunteer
was instructed to perform pinch practice for 1 to 2 minutes to
become familiar with the experimental setup. Either a single oral
dose of 3000 mg of levetiracetam or placebo was then adminis-
tered in a double-blind fashion. One hour later, pinch force and
acceleration and motor excitability were measured (prepractice
measure). Then, pinch practice with a metronome set at 0.5 Hz
was performed for 30 minutes. The measures were repeated af-
ter practice (postpractice measure). The administration order of
levetiracetam and placebo was randomly assigned. Intervals be-
tween 2 experimental sessions were between 72 hours and 2 weeks.
For the pinch practice, subjects were asked to make a brisk pinch
of short duration after each beat of the metronome and then to
completely relax the left hand until the next beat. Continuous
visual and auditory EMG feedback was given to ensure an EMG
burst of less than 300 milliseconds.

Data are expressed as mean±SEM. The different mea-
sures were analyzed separately. The postpractice measures of
pinch force and acceleration were expressed as a percentage of
prepractice values. Peak-to-peak amplitudes of MEPs and F
waves were related to CMAP and expressed as a percentage of
CMAP. Statistical analysis used the nonparametric Mann-
Whitney test to compare 2 groups, either between leveti-
racetam and placebo or between prepractice and postpractice
values. P�.05 was regarded as significant.

RESULTS

All volunteers tolerated the experiment with no serious
side effects or complications, except for mild drowsi-
ness and dizziness in 4 individuals when they took le-
vetiracetam. With placebo, 30-minute pinch practice sig-
nificantly increased pinch acceleration (152%±14%), but
this change was not observed after levetiracetam
(101% ± 14%). In contrast, pinch force was not in-
creased in either condition (103%±2.0% under leveti-
racetam and 103%±1.4% under placebo) (Figure).

The Table shows TMS, F wave, and CMAP mea-
surements. The MEP amplitudes tended to be reduced
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Boxplot representation of practice-related changes in pinch acceleration (A)
and pinch force (B). Pinch acceleration was significantly increased with
placebo, but not after levetiracetam (LTC), while pinch force was not
increased in either condition. Outliers are marked by dots, horizontal lines
indicate the median, boxes show the middle half of the data, and limit lines
represent the range of the data.
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under levetiracetam compared with placebo, in both
prepractice and postpractice measures, particularly at
stimulation intensities of 130% and 140% RMT. Mean
MEP amplitudes of FPB (at 130% and 140% RMT) un-
der levetiracetam were 63% to 81% of those under pla-
cebo. However, MEP amplitudes were not changed sig-
nificantly after pinch practice in either condition in both
the FPB and abductor digiti minimi muscles. There were
no differences in RMT, F-wave amplitudes and persis-
tence, and CMAP between levetiracetam- and placebo-
treated states. In addition, these were unchanged after
pinch practice. There were no significant differences in
practice-related changes of pinch acceleration, force, and
TMS measurements between volunteers with and with-
out side effects.

COMMENT

According to our previous results,16 after oral adminis-
tration, the suppressive effect of levetiracetam on M1 ex-
citability is stable for at least 6 hours and should return
to baseline after 48 hours. Thus, its effect on motor learn-
ing is presumably stable throughout the present experi-
ment and should not affect the next experiment that fol-
lowed at least 72 hours later. Pinch force increment may
persist after pinch practice,4 but we found no carryover
effect from previous practice on all measures. In addi-
tion, randomized administration order of drug and pla-
cebo should minimize the differences in any carryover
effect between the 2 groups. Although levetiracetam and
placebo were administered in double-blind fashion, it
might not have been blinded in the 4 subjects who ex-
perienced side effects. Thus, we compared the data from
this subset of subjects with the others and found that the
side effects, ie, possible recognition of drug and pla-
cebo, did not affect our results.

This study demonstrates the suppressive effect of le-
vetiracetam on rapid motor learning measured by pinch
acceleration. With placebo, as previously described,4 vol-
unteers showed a significant increase in pinch accelera-
tion after a 30-minute practice, supporting pinch prac-

tice as a reproducible method to assess rapid motor
learning. However, this increase was not observed in the
levetiracetam-treated state. We failed to reproduce other
changes such as increased pinch force and increased MEP
amplitude observed in previous studies. This discrep-
ancy is presumably due to a different protocol for pinch
practice. We used a 30-minute pinch training at 0.5 Hz
to complete the experiment while the plasma level of le-
vetiracetam was relatively stable. In contrast, practice
lasted for 60 minutes or was at 1 Hz in previous stud-
ies.4,5,13 Animal experiments have demonstrated that dif-
ferent populations of M1 cells are involved in coding static
force and dynamic movement variables, and that M1 is
more related to controlling the dynamic component, such
as movement direction and speed, than static force.18

Therefore, pinch acceleration is likely a more sensitive
measure of M1 plasticity than static pinch force.

Transcranial magnetic stimulation was performed
to measure practice-related changes in M1 excitability in
both levetiracetam- and placebo-treated states. The F
waves and CMAPs measured spinal and peripheral nerve
excitability, respectively. Consistent with results from our
previous study,16 MEP amplitudes were suppressed in the
tested muscles with levetiracetam, compared with the pla-
cebo-treated state, although this difference attained sta-
tistical significance only in the FPB at a stimulation in-
tensity of 130% RMT. After pinch practice, no significant
changes were observed in RMT, recruitment curves of
MEP amplitudes, and F waves and CMAPs in both leve-
tiracetam- and placebo-treated states. These findings are
inconsistent with previous observations showing signifi-
cant increase in MEP amplitudes,4 presumably due to the
difference in practice duration. The present results sug-
gest that enhanced M1 excitability is not a prerequisite
for rapid motor learning, but may be a parallel phenom-
enon induced by repetitive motor practice. During pinch
practice, reorganization of cortical networks may pre-
cede excitability enhancement.

Short-term repetitive pinch training induces strength-
ening of intracortical neuronal ensembles generating out-
puts in favor of the trained movement,13 which may lead

Practice-Related Changes in Motor Excitability Measures*

Measures

Flexor Pollicis Brevis Muscle Abductor Digiti Minimi Muscle

Levetiracetam Placebo Levetiracetam Placebo

Pre Post Pre Post Pre Post Pre Post

RMT 42 ± 3.4 42 ± 3.1 42 ± 3.3 41 ± 3.2 . . . . . . . . . . . .
Recruitment curve, % CMAP

110% RMT 1.7 ± 0.4 1.2 ± 0.2 2.9 ± 0.9 2.2 ± 0.6 3.5 ± 1.2 2.7 ± 1.0 3.7 ± 0.7 3.1 ± 0.5
120% RMT 4.6 ± 0.9 3.5 ± 0.7 6.3 ± 2.0 5.7 ± 1.3 6.2 ± 1.8 5.8 ± 1.7 6.4 ± 1.1 7.0 ± 1.5
130% RMT 7.0 ± 1.7 5.9 ± 1.9† 8.6 ± 2.1 9.3 ± 2.0 9.5 ± 2.7 9.1 ± 2.4 12.1 ± 2.3 10.5 ± 2.1
140% RMT 7.9 ± 1.8‡ 8.5 ± 2.4‡ 11.1 ± 2.5 12.5 ± 3.0 13.1 ± 3.5 13.6 ± 2.9 14.7 ± 2.7 13.6 ± 2.9

F wave
Amplitude, % CMAP 0.62 ± 0.15 0.77 ± 0.30 0.68 ± 0.24 0.81 ± 0.27 1.33 ± 0.37 1.28 ± 0.37 1.55 ± 0.38 1.51 ± 0.32
Presence, % 47 ± 4 48 ± 9 41 ± 9 52 ± 5 74 ± 6 66 ± 8 80 ± 6 84 ± 4
CMAP, mV 24.3 ± 2.0 25.4 ± 1.8 26.3 ± 1.5 26.7 ± 1.5 14.8 ± 1.2 14.6 ± 1.2 15.7 ± 1.6 15.5 ± 1.5

*All values are expressed as mean ± SEM. Pre indicates prepractice; post, postpractice; RMT, resting motor threshold; and CMAP, compound muscle action
potential.

†P�.05 compared with placebo-treated state.
‡P�.01 compared with placebo-treated state.
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to increased pinch acceleration. This rapid and long-
lasting reorganization may arise by unmasking horizontal
excitatory connections within M1 that were previously hid-
den by coactivated local inhibitory neurons.19 This change
canbepersistently strengthenedbyLTPacting throughhori-
zontal excitatory connections.6 Pharmacologic manipula-
tions that alter the effectiveness of intrinsic connections,
ie, GABAergic and glutamatergic interneurons, affect the
short-term plasticity of M1 by influencing LTP.13,19 Al-
though levetiracetam’s action is not the result of any in-
teraction with known mechanisms involved in inhibitory
and excitatory neurotransmission,20 its suppressive action
on M1 excitability may disturb the rapid motor learning
process, presumably by influencing LTP.

In this study, a usual daily dose of levetiracetam was
administered as a single dose to achieve sufficient effect.
This dose, although its safety has been approved in our
previous study as well as in others,16,21 may induce much
higher plasma levels of levetiracetam than does the cur-
rent therapeutic regimen. The frequency of side effects,
albeit mild and transient, was also higher than previously
reported.22 Thus, the present results cannot be directly ap-
plied to most patients receiving long-term treatment, but
can provide insights about the action of levetiracetam.
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