Gabapentin as an antiepileptic drug in man
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SUMMARY Gabapentin, -(aminomethyl) cyclohexane acetic acid, is a GABA analogue whose antiepileptic properties were tested in a double blind cross-over trial design as add-on therapy in a dose
ranging study which compared 300 mg, 600 mg, and 900 mg/day (each dose given for 2 months) in
25 patients with severe partial and generalised epilepsies. A dose related antiepileptic effect was
observed. All three doses were well tolerated and no psychometric impairment was noted. No
significant drug interactions were seen. The drug appears worthy of further assessment.

Gabapentin, l-(aminomethyl) cyclohexane acetic acid when seizure frequency and side effects were documented.
(fig 1), is a GABA analogue that is well absorbed and Serum antiepileptic drug concentrations were recorded at
penetrates the blood brain barrier. It is effective each visit as well as levels of gabapentin.
Phenytoin, carbamazepine, primidone and phenoagainst a variety of seizures in animals particularly barbitone
were measured by the method of
those caused by interference with GABAergic trans- Perchalski concentrations
et al,2 valproate levels by the method of Chard.3
mission or provoked by excitatory amino acids.' In Plasma gabapentin concentrations were estimated by an
spite of this the precise mechanism of its antiepileptic HPLC method.4 Routine haematological, serum biochemproperties is unclear as gabapentin does not appear to istry and urine analyses were performed at each visit.
alter whole brain levels of GABA or have significant
Psychometric assessment was undertaken once during the
effects on GABA transaminase activity. It does not baseline period and repeated during the second month of
show any significant binding to GABA or benzo- each treatment phase. A battery of tests known to be sensito drug effects was chosen. These included choice
diazepine receptors and does not influence neuronal tive
time, critical flicker-fusion threshold, spatial orienuptake of GABA at pharmacologically relevant reaction
digit
symbol latency, perceptual analysis, verbal and
tation,
doses.'
visual memory.5-` A computerised testing procedure was
We report the first study of the antiepileptic prop- used for all tests except choice reaction time and critical
erties of gabapentin in 25 patients with severe epi- flicker fusion.
lepsies resistant to standard antiepileptic drugs. The
effects of three different doses of the drug have been Patients
Patients with partial or generalised epilepsies were admitted
compared in a double blind crossover trial design.
to the study as long as they had a definite history of epilepsy
confirmed by observation and EEG recording, and suffered
a minimum of one seizure per week. No patients were known
The trial design was that of a three way double blind cross- to have progressive neurological disturbance.
Twenty five patients were recruited to the study. Fifteen
over study. All patients were followed for an initial two
month baseline period during which they received one or were male and ten female. Age was between 18 and 53 years
two standard antiepileptic drugs. Seizure frequency and ad- (mean 33 + 10 years). The duration of epilepsy was between
verse effects were documented. All patients then received a 6 and 40 years (median 18 5 years).
Eighteen patients had partial epilepsies. Thirteen had only
two week titration phase in which 300 mg and 600 mg of
gabapentin was given. At the end of this time patients were partial seizures (simple partial seizures in two, complex parrandomised to receive 300 mg, 600mg, or 900mg/day of tial seizures in 11), whilst five patients had both partial
gabapentin. Their pre-existing therapy was maintained seizures and presumed secondarily generalised tonic-clonic
throughout the study. Each patient received each dose of the seizures.
Seven patients had generalised epilepsies. This was pridrug for 2 months. Patients were seen at monthly intervals
mary in four patients: three had simple absences which occurred alone in one patient, in combination with brief tonic
Address for reprint requests: Dr D Chadwick, Department of
seizures in another, and in combination with tonic-clonic
Neurology, Walton Hospital, Rice Lane, Liverpool L9 IAE, UK.
seizures in the third. One patient had tonic-clonic seizures
alone. Three had a symptomatic generalised epilepsy: two
Received 3 June 1986 and in final revised form 18 August 1986.
patients had tonic seizures associated with tonic-clonic seiAccepted 30 August 1986
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Table 1 Seizure frequency
Baseline
All seizures (N = 21)
Median
3-3
25% quartile 1-4
75% quartile 11 4

Range

09-102

Partial seizures (N = 14)
Median
25
25% quartile 0-8
75% quartile 9-7

Gabopentin

GABA

Fig 1 Structure of GABA and gabapentin.

2-5
1-6
83

06-90
2-4
1.0
13-7

03-102
Range
0-90
Tonic-clonic seizures (N = 11)
Median
25% quartile
75% quartile

Range

zures, one patient had complex absences associated with
tonic-clonic seizures.
Probable aetiological factors were identified in 15 patients. Perinatal insults had occurred in six patients, the
epilepsy was post-encephalitic in three and post traumatic
in two. One patient developed epilepsy after a prolonged
febrile convulsion, and three patients had non-progressive
structural lesions on CT scanning (two low density, one
calcification). Neurological signs were present in two patients, one of whom was blind because of choroido-retinitis
and one of whom had a mild left hemiparesis. Seven patients
had an IQ of 80 or less.
Three patients were taking one standard antiepileptic
drug and 22 were receiving two drugs (in three of these
benzodiazepines were also prescribed). Carbamazepine was
administered to 21 patients, valproate to 13, phenytoin to
11, primidone to one, and phenobarbitone to one. Doses of
these drugs were such as to maintain adequate serum concentrations.

(Seizure/week)
300 mg

10
04
2-9
03-5-3

08
04

19

01-5

600 mg

900 mg

3-0
1 1
7.3

2-1
1.1
5-2

0-99

0-3-89

1i3

1-2
05
4-8

06
10-1

0-99
0-5
03
2-1
0-34-6

0-89
0-3
01
16

0-61

cluded in the analysis using frequencies calculated as
seizures per week.
Seizure frequency in the four periods of observation is presented in table 1 and for individual patients
the percentage change in seizure frequency from baseline is presented for each dose in fig 2 and table 2 (for
all seizure types combined, for patients with partial
seizures and for tonic-clonic seizures whether these
occurred on a primary or secondarily generalised
basis). Too few patients in the study were suffering
from absence seizures or other primary generalised
seizures to warrant separate analysis.
All statistical comparisons were within patient
tests. The Wilcoxson signed rank test was used to
compare seizure frequencies between baseline and
individual doses (30 mg, 600 mg, 900 mg/day).
Comparisons of the relative efficacy of different
Results
gabapentin doses was undertaken using the Friedman
test with subsequent multiple comparisons by the
Efficacy
Wilcoxson-Wilcox method.
Four patients were excluded from the analysis of
The median frequency of all seizures was reduced
efficacy. One patient developed absence status during from 3-3 to 2-1/week (45%) on 900mg/day of gabthe two week titration phase. Similar episodes oc- apentin compared to baseline period (p < 0-001). The
curred frequently in this patient and had occurred 300mg and 600mg doses did not differ significantly
when he had previously been challenged with new from baseline. The three doses differed significantly
anticonvulsant drugs. He did not enter the formal (Friedmann test p < 0-001). The 900mg dose was
part of the study. Two patients were excluded from significantly better than 600mg (p = 0-05) and
analysis because of questionable compliance and 300mg (p = 0-01). Nine patients (43%) had seizure
poor documentation of their seizures during the frequency reduced by at least 50% whilst receiving
course of the study. One patient had phenobarbitone 900mg/day gabapentin, whilst seven and three paadded to his therapy by the general practitioner dur- tients respectively experienced 50% reduction in seiing the course of the study.
zure frequency whilst receiving 600mg and 300mg
All subsequent data on efficacy were derived from gabapentin. A single patient was entirely free of sei21 patients. Three patients terminated the third treat- zures for the full 2 month treatment period whilst
ment phase prematurely four weeks before it was due receiving 600 mg per day.
to end. All three patients showed evidence of reduced
Similar trends towards improvement with inefficacy in the third period compared to previous peri- creasing doses of gabapentin were seen for both parods. Two of these patients were receiving 300 mg/day tial seizures and tonic-clonic seizures. The most
gabapentin in the third period and the third patient striking effect of gabapentin appeared to be in the
900 mg/day. Data from these patients has been in- reduction of tonic-clonic seizures.
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Table 2 Efficacy: change in seizure frequencyfor each dose
compared with baseline
Nos ofpatients

1.o

Improved

>75%
All seizures
300 mg/day
600 mg/day
900 mg/day
Partial seizures
300 mg/day
600 mg/day
900 mg/day
Tonic-clonic
seizures
300 mg/day
600 mg/day
900 mg/day
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Fig 2 Cumulative distribution ofpatients as their
percentage change in seizurefrequency from baseline at doses

of 300 mg, 600 mg and 900 mg gabapentin, for all seizures,
partial seizures and tonic-clonic seizures. Vertical axis is %
ofNpatients showing appropriate change in seizurefrequency
or better. Horizontal axis is change in seizure frequency
relative to baseline period (O = no change, positive
values = % improvement, negative values = % deterioration.
Differences asfollows:
Wilcoxon- Wilcox
Friedman
All seizures
Partial
Tonic-clonic

p <
p =
p =

0-001
0 034
0 044

900

vs

p
p

=
=

0*01
0-05

p

=

n.s.

300

900

vs

600

p
p
p

=

0-05

=

n.s.

900mg of gabapentin. Six patients reported some
adverse effects of their therapy at admission to the
study. In no case were the side effects sufficient to
warrant premature termination of the study.
Screening of haematological and biochemical parameters was undertaken prior to the commencement
of therapy and at monthly intervals whilst on active
treatment. Whilst a number of patients had estimations of these parameters which fell slightly outside
the normal ranges, such deviations were no more frequent whilst receiving gabapentin than prior to the
study.
Psychometric testing failed to reveal any changes
between baseline and active treatment or between
different doses of gabapentin, indicating no impairment of performance on the tests used.
Compliance and antiepileptic drug concentrations
Blood was collected for estimation of the serum concentrations of the standard antiepileptic drugs and
gabapentin during the course of a morning clinic.
Thus serum concentrations relate to levels between 10

= n.s.

Table 3 Adverse effects

Fifteen patients and the supervising clinician were
sufficiently impressed by the efficacy of the drug to
continue prescription of gabapentin in an open fashion following the formal completion of the study.
Adverse effects
Data from all 25 patients have been included. One
patient developed absence status as previously described. Other adverse effects are summarised in table
3. Eight patients reported one or more adverse effects
whilst taking 300mg, 15 patients reported adverse
effects on one or more occasion taking 600 mg/day
and 11 patients reported adverse effects whilst taking

Symptom
Nervous System:

Absence status
Drowsiness
Tiredness
Dizziness
Slurred speech
Less alert
Tremor
Other poorly specified

complaints
Skin and Appendages
(rash)
Gastrointestinal
(nausea)

Antiepileptic drugs
(Baseline)

Gabapentin +
antiepileptic drugs

I

I
11
7
2
I
I
I

1

2

2

1

8

7
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Table 4 Standard antiepileptic drug serum concentrations
Gabapentin dose (mg/day)
300 mg

Baseline

Phenytoin
Valproate
Carbamazepine
Phenobarbitone

9-7 + 3-9 (9)
89-6 ± 41 7 (12)
8-1 + 2-4(17)
13-0
(1)

9-4 + 3-7 (9)
60 8 ± 30 4 (12)
76 + 2-2(18)
13-0
(1)

and 11 am, two to three hours after the initial dose of
anticonvulsants.
Serum concentrations of standard antiepileptic
drugs are presented in table 4 during baseline and
during the three treatment periods. There was no
change in any baseline blood levels although there
was a trend towards elevation of serum phenytoin
7-
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Fig 3 (a) Plasma gabapentin concentrations over 24 hours
in five patients receiving thrice daily dosing (09.00, 14.00,
20.00) with gabapentin 300 mg/day (1 patient), 600 mg/day
(3 patients) and 900 mg/day (I patient). (b) Mean plasma
concentrations ofgabapentin for 19 patients receiving all
three doses of gabapentin. Sampling at approximately 11.00
am andfollowing 09.00 am dosage.

9-9 + 5-4 (7)
64-8 + 34-4 (10)
8-1 + 2-4(15)
6-5
(1)

12-1 + 5-8 (8)
84-9 + 46-5 (9)
8-3 + 2-3(14)
12-0
(1)

concentration in patients taking 900 mg/day of gabapentin.
Detailed plasma concentration assays for gabapentin were undertaken in five patients during 24
hour periods when they were receiving 900 mg per day
(one patient), 600mg per day (three patients), and
300mg per day (one patient) (fig 3a). It can be seen
that blood levels at 11 am., two hours after the initial
dose of gabapentin, are approximately twice the
trough levels, but the peak levels during the 24 hours
were attained at approximately 1700 hrs (three hours
after the midday dose). Similar 24 hour monitoring in
each of these five patients was repeated two weeks
later. Repeat testing did not show any evidence of
auto-induction.
Mean concentrations of gabapentin for each patient at the three doses of gabapentin that they received are presented in fig 3b. It can be seen that there
is a satisfactory linear relationship between dose and
serum concentration in all cases where serum sampling time was similar (19 patients).

Discussion
Over recent years there has been an increased understanding of the role of the inhibitory neurotransmitter, GABA, in the control of seizure
threshold. This has achieved direct clinical relevance
with clinical testing of y-vinyl GABA, a GABA transaminase inhibitor,8 and progabide, a GABA prodrug
and GABA agonist,9 as potential antiepileptic drugs.
Gabapentin was synthesised as a GABA analogue
and whilst it appears to possess GABA mimetic properties its precise mode of action remains uncertain.
This first study was designed to compare the relative efficacy of three different doses of gabapentin in
patients with severe partial and generalised epilepsies.
The results indicate that 900mg/day of gabapentin
has greater antiepileptic properties than 300mg and
600 mg/day against all seizure types considered together. There is evidence of a dose related antiepileptic effect that is statistically significant when all
seizures are considered together and similar trends are
seen when partial seizures, and tonic-clonic seizures
are considered separately. The median frequency of
tonic-clonic seizures was reduced most dramatically.

3~ ~ ~ ~ ~ ~ ~ ~ ~ ~ .

300

600 mg
900 mg
(mean ± SD) pg/ml (number ofpatients)
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epileptic drug. The next necessary step will be a direct
proof-of-efficacy study comparing gabapentin with
placebo in a double-blind fashion as add on therapy.
If further study confirms the present impressions of
an effective antiepileptic drug relatively free of side
effects and drug interaction, there is every possibility
that gabapentin may prove a significant addition to
the range of drugs available for the treatment of
human epilepsy.
We are grateful to Godecke for financial support and
statistical analysis of the data, and to our colleagues
for allowing us to study their patients.
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Whilst the direct dose to dose comparisons infer
antiepileptic efficacy they cannot be regarded as providing definite proof. Whilst the median frequency of
all seizures was reduced by 30% compared with baseline frequency (50% reduction for partial seizures,
and 70% reduction for tonic-clonic seizures) these results must be interpreted with caution. There was no
random allocation between baseline period and a
drug dosage, and placebo was not given during the
baseline period. Whilst it seems highly unlikely that
the results can be explained by a placebo effect, this
present trial design cannot definitely exclude such a
possibility.
The study relates only to a relatively short period of
treatment. However, some 15 patients have continued
gabapentin therapy for periods now approaching 12
months. So far there is no evidence of the development of tolerance in the antiepileptic effects of
gabapentin in our patients.
It is of some interest to compare the results of this
study with those of another study recently performed
in this department. This was also a three-way crossover study comparing the addition of progabide, valproate and placebo as add-on therapies.9 Whilst the
trial designs differ in that in the latter study treatment
periods were for 6 months, and there was random
allocation between placebo and the two active drugs,
the majority of patients taking part in the gabapentin
study also took part in the previous study. We cannot
draw firm conclusions but the results obtained with
gabapentin appear quantitatively very similar to
those obtained with valproate and the spectrum of
activity of valproate and gabapentin appear
similar, both being moderately effective against partial seizures and highly effective against tonic-clonic
seizures.
This study has shown little evidence of adverse
effects and detailed psychometric testing failed to
show any significant changes. Importantly, there was
no evidence that gabapentin has significant interactions with other antipileptic drugs. This may have
been expected as the drug is largely excreted unmetabolised, and does not undergo significant protein
binding.
Gabapentin thus appears to be a promising anti-

