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The anticonvulsant gabapentin decreases firing rates of substantia nigra 
pars reticulata neurons 
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Abstract 

Gabapentin is a novel anti-epileptic drug which enhances GABA (y-aminobutyric acid) turnover in certain brain regions, including 
substantia nigra. However, the functional consequences of GABA turnover increases in response to gabapentin and their potential 
involvement in the anticonvulsant action of this drug are not known. In the present study, we examined the effects of gabapentin on the 
extracellular, single unit activity of nondopaminergic (presumably GABAergic) neurons of the substantia nigra pars reticulata in rats. 
During the recordings, the animals were infused with the narcotic opioid analgesic fentanyl, associated with a skeletal muscle relaxant and 
artificial ventilation. The spontaneous firing of substantia nigra pars reticulata neurons was determined up to about 2 h after i.v. or i.p. 
administration of gabapentin at doses of 15-30 mg/kg .  After both routes of administration, gabapentin markedly reduced neuronal firing 
when administered at a dose of 20-30 mg /kg ,  while 15 m g / k g  were ineffective in this regard. The suppressive effect of gabapentin was 
rapid in onset (2 rain after i.v. and about 20 min after i.p. injection), reached peak values of about 70% below predrug baseline alter about 
45-60 min, and remained at this level for at least 2 h. Vehicle administration had no effect on substantia nigra pars reticulata neurons. 
The ability of gabapentin to alter substantia nigra pars reticulata firing does correlate with its known ability to increase nigral GABA 
turnover. Since a substantial body of evidence suggests that the substantia nigra pars reticulata is a critical site at which decrease of 
neuronal firing by potentiation of GABAergic influences results in protection against various seizure types, the suppressive effect of 
gabapentin on substantia nigra pars reticulata activity may contribute to the anticonvulsant action of this drug. 
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1. Introduct ion  

T h e  a n t i - e p i l e p t i c  d rug  g a b a p e n t i n  (1-  
[aminomethyl]cyclohexaneacetic acid) was designed in the 
late 1970s as a GABA (y-aminobutyric acid)-related amino 
acid which, unlike GABA, passes the blood-brain barrier 
but retains as much as possible of the chemical and 
physical properties of the inhibitory neurotransmitter 
(Bartoszyk et al., 1986). However, numerous subsequent 
studies indicated that gabapentin is inactive at GABA A 
and GABA B receptors, does not interact with GABA 
uptake and exerts only weak effects on the GABA degrad- 
ing enzyme GABA aminotransferase (Bartoszyk et al., 
1986; Taylor, 1995). For several years it was therefore 
thought that gabapentin, despite its name, does not interact 
with the GABA system, and its mechanism of action was 
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unknown (Bartoszyk et al., 1986). More recently, we 
found that gabapentin increases GABA turnover, i.e., the 
apparent rate of synthesis of GABA, in several brain 
regions, suggesting that increased GABA metabolism may 
underlie gabapentin's anticonvulsant action (L~ischer et al., 
1991). Interestingly, similar to the anti-epileptic drug val- 
proate (L~ischer, 1989), there was no uniform increase of 
GABA turnover across brain regions, but the effect of 
gabapentin appeared to occur in only some discrete re- 
gions, including substantia nigra (L~scher et al., 1991). 
The latter brain structure has been proposed to represent a 
'key region' in a preferred propagation pathway of many 
types of experimental seizures, and it has been suggested 
that drugs that limit seizure propagation through these 
common pathways have a broad spectrum of anticonvul- 
sant activity (Gale, 1988, 1992; Li3scher and Ebert, 1996). 
Indeed, reduction of firing rate of GABAergic output 
neurons in substantia nigra pars reticulata by microinjec- 
tion of GABAmimetic drugs into substantia nigra pars 
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reticulata has been demonstrated to be a very effective 
means of blocking a variety of seizure types (Gale, 1988, 
1992; LiSscher and Ebert, 1996). Interestingly, systemic 
administration of  the standard anti-epileptics valproate. 
phenobarbital, diazepam, and clonazepam was demon- 
strated to inhibit firing of substantia nigra pars reticulata 
neurons, an effect which could be critically involved in the 
broad anticonvulsant action of these drugs, which are 
known to interact with GABAergic transmission (Waszc- 
zak et al., 1986; LiSscher et al., 1995; Rohlfs et al., 1996). 
In the present study, we examined whether gabapentin 
affects the extracellular, single unit activity of non- 
dopaminergic substantia nigra pars reticulata neurons in 
rats. 

2. Materials and methods 

2.1. A n i m a l s  

If not otherwise indicated, female Wistar rats (Harlan 
Winkelmann, Borchen) weighing 220-260  g (age about 4 
months) were used. The animals were purchased from the 
breeder at a body weight of about 200 g. Following arrival 
in the animal colony, the rats were kept under controlled 
environmental conditions (ambient temperature 24-25°C, 
humidity 50-60%,  12/12  h l ight /dark cycle, light on at 
7.00 a.m.) for at least 1 week before being used in the 
experiments. Standard laboratory chow (Altromin 1324 
standard diet) and tap water were allowed ad libitum. In 
some experiments, female Wistar rats (n = 3) of higher 
age (about one year) were used to examine if gabapentin's 
effects changed with age. Furthermore, some experiments 
were done with female Sprague-Dawley rats (n = 3) to 
examine the influence of strain. A total of 43 rats were 
used for the present experiments. 

2.2. N e u r o p h y s i o l o g i c a l  s tud ies  

The spontaneous firing pattern of  single non- 
dopaminergic (presumably GABAergic) neurons of sub- 
stantia nigra pars reticulata was examined by intranigral 
extracellular single-unit recordings using standard tech- 
niques, as described in detail recently (LiSscher et al., 
1995; Rohlfs et al., 1996). As in these previous studies of 
our group, female rats were used in the present investiga- 
tion. The rats were anesthetized with the short acting 
barbiturate methohexital (60-70  mg/kg) ,  combined with 
an i.p. injection of 50 /xg /kg  of the 'narcotic'  opioid 
analgesic fentanyl, to achieve surgical anesthesia for 
preparation of the animals. Additional injections of 20 
m g / k g  methohexital i.p. or (after cannulation of the vena 
femoralis) 12 m g / k g  i.v. were given as needed until all 
surgical procedures were finished. The rats were vago- 
tomised bilaterally in order to prevent marked salivation 
(and the associated risk of saliva aspiration) in response to 

methohexital and vagal adverse effects of fentanyl. Bolus 
doses of  methohexital and fentanyl were based on prelimi- 
nary experiments in rats, showing that both drugs inter- 
acted in a synergistic fashion so that anesthetic doses of 
methohexital could be reduced by about 50~} (L6scher et 
al., 1995). After cannulation of a vena femoralis, fentanyl 
and the muscle relaxant gallamine were infused throughout 
the experiment at a rate of 100 p ,g /kg  per h (fentanyl) and 
20 m g / k g  per h (gallamine), respectively. A bolus dose of 
20 m g / k g  gallamine was given i.v. at onset of gallamine 
infusion. After tracheotomy and intubation, the rats were 
artificially ventilated with room air at a rate of 75 /min  
with a tidal volume (2-3.5 ml) to suppress spontaneous 
breathing and maintain an expired CO~ level of 2.4-2.6%, 
as measured by a CO 2 gas analyser. To assure stability of 
anesthesia, heart rate, arterial blood pressure (measured via 
the arteria femoralis), and body temperature were continu- 
ously monitored during the experiment. Furthermore, short 
foot-pinches were applied by a hemostat to test depth of 
anesthesia. The infusion rate of fentanyl was reduced 
during the experiment if too marked depression of heart 
frequency or blood pressure developed, or was enhanced if 
a defence reflex or heart rate increase to foot-pinch oc- 
curred. Body temperature was recorded by a rectal probe 
and maintained at 36-38°C by a heat-pad. A single barrel 
glass microelectrode, filled with 3% horseradish peroxi- 
dase in Tris-buffered saline, was lowered through a small 
burr hole in the skull to the level of just above the left 
substantia nigra pars reticulata. Stereotactic coordinates 
(measured from bregma according to the coordinates of 
Paxinos and Watson (1986)) were as follows: anterior 
posterior (AP) - 5 . 5 ,  lateral (L) + 2.2, ventral (V) - 6 . 0 .  
The electrode was than slowly lowered under continuous 
recording of extracellular neuronal signals until a non- 
dopaminergic substantia nigra pars reticulata neuron could 
be identified. Standard techniques for amplifying, discrimi- 
nating and counting extracellular single-unit action poten- 
tials were used. Neurons were identified as nondopaminer- 
gic substantia nigra pars reticulata neurons during the 
recording period on the basis of their location and electro- 
physiological characteristics. Specifically, nondopaminer- 
gic, presumably GABAergic substantia nigra pars reticu- 
lata neurons were encountered typically after passing 
through a more dorsal zone of substantia nigra pars com- 
pacta dopaminergic neurons, whose electrophysiological 
characteristics are easily recognized and differentiated from 
nondopaminergic neurons (Bunney et al., 1973: Guyenet 
and Aghajanian, 1978: Waszczak et al., 1986). Non- 
dopaminergic substantia nigra pars reticulata neurons were 
located beneath the dopamine neurons, and they exhibited 
the following extracellular characteristics, as described 
previously (Guyenet and Aghajanian, 1978; Waszczak et 
al., 1986): smooth, sharp, biphasic action potentials with a 
duration of 0.5-1.2 ms (versus 1.5-4.5 ms in case of 
dopaminergic neurons) and firing rates of 10 to 40 action 
potentials/s (versus 3 6 Hz in case of dopaminergic 
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neurons). If no such neuron with stable firing rate could be 
identified, the electrode was removed and lowered again 
by changing either the AP (from - 4 . 8  to - 5 . 8  mm) or L 
(from 1.8 to 2.6 ram) coordinates, respectively. In animals 
in which no nondopaminergic neuron in the left substantia 
nigra pars reticulata could be recorded, the right substantia 
nigra pars reticulata was used for neuronal recording. After 
identifying a nondopaminergic substantia nigra pars reticu- 
lata neuron by the characteristics described above, and 
following stabilisation of this neuron, the spontaneous 
firing rate was monitored and averaged over a period of 10 
min (baseline period). Thereafter, gabapentin, 15-30 
mg/kg,  was injected i.v. or i.p., and firing rate was 
recorded for a subsequent period of at least 50 rain. The 
dose range of gabapentin tested was selected on the basis 
of its anticonvulsant action against maximal electroshock 
seizures in female Wistar rats, in which significant anti- 
convulsant effects were obtained after 20-30 mg/kg  (W. 
LSscher and D. H~Snack; unpublished experiments). In 
separate control experiments, vehicle (saline) was injected 
instead of drug. Only one neuron was studied per rat. 
Recording of drug or vehicle effects on substantia nigra 
pars reticulata neurons was started about 70 min after the 
last injection of methohexital, assuming that the barbiturate 
had been largely eliminated from the brain at this time. 
During recording, neuronal firing rates were averaged over 
l0 s periods by the MRATE program (CED, Cambridge 
Electronic Design, Carnbridge). For graphic illustration of 
baseline values and post-drug values as a function of time 
after drug administration, mean values for subsequent 2 
min periods were calculated. 

At the end of the recording period, the location of the 
electrode tip was marked by iontophoretical ejection of a 
small amount of horseradish peroxidase (Simons and Land, 
1987). For this purpose, a pulsed cathodal current (5 s on, 
5 s off) of 1 p,A was applied for 2 min. The electrode was 
then withdrawn, and the respective anesthetized animal 
was perfused transcardially with phosphate-buffered saline 
followed by 4% phosphate-buffered paraformaldehyde (pH 
7.3). The brain was then removed and stored in 30% 
sucrose overnight at 4°C. Subsequently, coronal sections 
(60 /,m) were cut on a freezing microtome, and sections 
were incubated with diaminobenzidine in presence of Ni 2+ 
ions (Adams, 1981) to stain the horse radish peroxidase 
spots. After mounting on glass slides, the sections were 
counter-stained with neutral red. Location of the black spot 
within the substantia nigra pars reticulata verified correct 
placement of the recording electrode. Only rats with elec- 
trode location in substantia nigra pars reticulata were used 
for further evaluation of data. 

2.3. Drugs 

Gabapentin was kindly provided by Parke-Davis (Ann 
Arbor, MI, USA). The drug was freshly dissolved in saline 
before each experiment and was injected in a volume of 2 
ml/kg. Controls received the same volume of saline. 

2.4. Statistics 

Statistical significance of differences between drug 
treated and control groups was calculated by the Mann- 
Whitney U-test. Significance of differences within groups 
before and after drug injection was evaluated by the 
Friedman test, followed by the Wilcoxon rank test for 
paired replicates. Nonparametric statistics were used be- 
cause a distribution analysis did not indicate a normal 
distribution of data. 

3. Results 

3.1. Location and baseline actiL'ity of  recorded substantia 
nigra pars reticulata neurons 

From a total of 43 rats used for extracellular recording 
of substantia nigra pars reticulata neurons in this study, 26 
fulfilled all inclusion criteria (recording from a single 
nondopaminergic substantia nigra pars reticulata neuron 
for at least 50 min, correct location of electrode) and could 
thus be used for final evaluation. Fig. 1 illustrates the 
within substantia nigra pars reticulata locations of these 
neurons. Baseline activity of these substantia nigra pars 
reticulata neurons in the 10 min period before vehicle or 
drug administration ranged between 13 and 42 action 
potentials per second; mean _+ S.E. was 24 _+ 2 action po- 
tentials per second. Foot-pinches had no effect on sponta- 
neous activity of any of the non-dopaminergic substantia 
nigra pars reticulata neurons recorded at the locations 
shown in Fig. 1. 

3.2. EffEct of  gabapentin on spontaneous acth, i~ of  sub- 
stantia nigra pars reticulata neurons 

Following i.v. or i.p. administration of gabapentin (15 
or 30 mg/kg),  heart frequency slightly decreased from 
417-510 (464 _+ 9; n = 13) beats per min in the baseline 
period before drug injection to 360-490 (442 _+ 11) beats 
per min at the end of the postdrug period. Blood pressure, 
which ranged between 80-130 (94 _+ 6) mmHg and 85-130 
(99 _+ 4; n = 13) mmHg before and after drug application, 
respectively, was not significantly changed. I.v. and i.p. 
injections of saline did not induce any significant effects 
on blood pressure or heart rate (n = 9). 

After i.v. injection of 30 mg/kg  of gabapentin, firing 
rate of substantia nigra pars reticulata neurons rapidly 
decreased in all 6 animals of the respective group (Fig. 
2A). Maximal depression was reached in all neurons within 
30-40 min after drug application and there was no trend 
towards predrug control values over the average period of 
postdrug recording (Fig. 2A). In one rat, in which a 
substantia nigra pars reticulata neuron could be recorded 
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for more than 2 h after drug injection, substantia nigra pars 
reticulata firing was decreased over the whole postdrug 
period (Fig. 2B), demonstrating a long duration of this 
effect of  gabapentin. The maximal depression of substantia 
nigra pars reticulata firing in response to gabapentin ranged 
between 65 -80% (compared to predrug baseline). The 
respective group of 6 animals shown in Fig. 2A was 
composed half of  younger and half of older Wistar rats 
(see Section 2), which showed no difference in the above 

described effects of gabapentin and, thus, were pooled. 
The reduction of substantia nigra pars reticulata firing was 
similar in rats (n = 3) of a different strain (Sprague-Daw- 
ley: not illustrated). In controls with i.v. injection of saline, 
no significant change in substantia nigra pars reticulata 
firing was seen (Fig. 2A, B). 

Following i.p. administration of 30 m g / k g  gabapentin, 
firing rate of substantia nigra pars reticulata neurons de- 
creased in the 3 rats used at this dosage (Fig. 3A), but 
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Fig. 1. Location of horseradish peroxidase spots in the substantia nigra pars reticulata as plotted on drawings of coronal brain sections according to the 
stereotaxic atlas of Paxinos and Watson (1986). Locations from vehicle control are indicated by squares and locations from gabapentin experiments by 
triangles. Each symbol represents one animal. Abbreviations: 3n, occulomotor nerve or its root; cp, cerebral peduncle: ml, medial lemniscus: MGV, medial 
geniculate nucleus, ventral part; MP, medial mmnmillary nucleus, posterior part: SNC. substantia nigra pars compacta; SNL, substantia nigra pars lateralis; 
SNR, substantia nigra pars reticulata. 
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onset of  gabapentin's action on substantia nigra pars retic- 
ulata firing was retarded compared to i.v. injection. 
Whereas with i.v. injection, a significant decrease of  neu- 
ronal activity was seen as rapid as 4 rain after injection 
(Fig. 2A), a lag time of  at least 15 rain passed before 
neuronal firing decreased after i.p. injection (Fig. 3A). 

In order to examine  the dose -dependency  o f  
gabapentin's effect on single unit firing of  substantia nigra 
pars reticulata neurons, a lower dose of  15 m g / k g  was 
administered i.v. in 4 rats (Fig. 3B). No consistent alter- 
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Fig. 2. Effect of i.v. administration of vehicle (saline) and gabapentin (30 
mg/kg)  on spontaneous firing of substantia nigra pars reticulata neurons. 
Data in the upper graph (A) are means ! S.E. of 6 Wistar rats per group 
and are shown relative to the mean baseline (control; ctrl) firing rates of 
each group, Each symbol refers to a recording period of 2 min. Average 
recordings are shown up to the longest recording period which was 
available for all rats per group. The time scale below the recordings 
shows the recording period in min before and after drug administration. 
Time of drug or vehicle injection is indicated by the arrow and the 
vertical hyphenated line. Statistical comparison of vehicle control and 
drug data indicated that following 4 rain after drug administration and at 
all subsequent time points substantia nigra pars reticulata activity was 
significantly lower (P  at least < 0.05) than in vehicle control. The lower 
graph (B) illustrates absolute firing rates of substantia nigra pars reticu- 
lata neurons in two Wistar rats, one injected with vehicle and the other 
with gabapentin, 30 mg/kg  i.v. These animals were chosen from the 
group values in (A) because of the long duration of recording in these 
rats. 
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Fig. 3. Effect of vehicle and different doses of gabapentin on spontaneous 
firing of substantia nigra pars reticulata neurons. Data in the upper graph 
(A) are from experiments with i.p. administration of vehicle (3 Wistar 
rats) or 30 mg/kg  gabapentin (3 Wistar rats) and are shown relative to 
the mean baseline (control; ctrl) firing rates of each group. Each symbol 
refers to a recording period of 2 rain. The time scale below the recordings 
shows the recording period in min before and after drug administration. 
Time of drug or vehicle injection is indicated by arrow and the vertical 
hyphenated line. The lower graph (B) illustrates relative firing rates of 
substantia nigra pars reticulata neurons in 4 Wistar rats after i.v. adminis- 
tration of 15 mg/kg  gabapentin. 

ation in substantia nigra pars reticulata activity was seen at 
this dosage. Increase of  dose to 20 m g / k g  (tested in 1 rat) 
resulted in a marked reduction of  substantia nigra pars 
reticulata activity by 60% compared to predrug baseline 
(not illustrated). 

A comparison of  baseline firing rate of  individual sub- 
stantia nigra pars reticulata neurons with the individual 
inhibitory effect o f  gabapentin did not indicate any rela- 
tionship between these two variables at any dosage, i.e., 
neurons with a high firing rate did not differ in their 
response to drug administration from neurons with lower 
firing rates. Furthermore, there was no relationship be- 
tween the location o f  a neuron within substantia nigra pars 
reticulata (see Fig. 1) and its response to drug application. 
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4. Discussion 

The present study demonstrates that gabapentin, admin- 
istered systemically at an anticonvulsant dose in rats, 
significantly inhibits the spontaneous firing of substantia 
nigra pars reticulata neurons in a manner similar to that 
previously described for the anti-epileptics valproate, 
phenobarbital, and benzodiazepines (Waszczak et al., 1986; 
LiSscher et al., 1995; Rohlfs et al., 1996). It is important to 
note that inhibition of  substantia nigra pars reticulata firing 
is not a common effect of anti-epileptics but is restricted to 
those drugs which are known to facilitate GABAergic 
transmission, either by an effect on the GABA a receptor 
complex (barbiturates, benzodiazepines) or by increasing 
GABA turnover in substantia nigra pars reticulata 
(valproate) (Waszczak et al., 1986; L~Sscher, 1993). It is 
likely that GABAergic transmission in the substantia nigra 
pars reticulata acts as a seizure-gating mechanism to con- 
trol seizure propagation in various distinct epileptogenic 
circuits including those for generating limbic seizures and 
generalized convulsive as well as non-convulsive seizures 
(Gale, 1988, 1992; L/Sscher and Ebert, 1996). Thus, phar- 
macological potentiation of  GABA function in the substan- 
tia nigra pars reticulata represents an effective strategy to 
obtain protection against a broad spectrum of seizures 
(Gale, 1992; L(~scher and Ebert, 1996). Gabapentin pre- 
vents seizures from a variety of different electrical and 
chemical stimuli and is also active in several genetic 
models of epilepsy, as well as in patients with partial 
seizures (L/Sscher and Schmidt, 1994, Chadwick, 1995: 
Taylor, 1995). It is thus tempting to speculate that the 
proven efficacy of gabapentin as a novel anti-epileptic 
drug is a function of  its marked effect on neuronal activity 
in the nigra. 

The substantia nigra pars reticulata contains almost 
exclusively GABAergic neurons which are under in- 
hibitory influence of  GABAergic terminals arising from 
GABAergic neurons in the striatum (Gale, 1988). When 
excitation predominates in the striatum, the striatonigral 
GABA pathway is activated, thereby inhibiting GABAer- 
gic neurons in the substantia nigra pars reticulata. This in 
turn leads to disinhibition of target neurons of the 
GABAergic substantia nigra pars reticulata output path- 
ways, which is associated with an inhibition of seizure 
propagation through these circuits, i.e., a seizure-gating 
effect (Gale, 1988). This effect might be promoted by an 
activation of the external globus pallidus which also sends 
inhibitory GABAergic projections to substantia nigra pars 
reticulata (Fallon and Loughlin, 1995). Microinjection and 
lesion studies suggest that this gating influence of the 
substantia nigra pars reticulata is exerted predominantly 
via disinhibition of neurons in the deep layers of  the 
superior colliculus (Gale, 1988). Interestingly, GABA syn- 
thesis a n d / o r  GABA A receptor function in substantia 
nigra pars reticulata are impaired in some models of focal 
and generalized epilepsy, indicating that a deficient gating 

influence of the substantia nigra pars reticulata is involved 
in the pathogenesis of different seizure types (L~Sscher and 
Schwark, 1985; OIsen et al., 1986). Consistent with this 
view, Bonhaus et al. (1986, 1991) reported that substantia 
nigra pars reticulata neurons enter an intense burst-firing 
pattern during focal seizures in kindled but not in non-kin- 
dled rats, suggesting that kindling-induced epileptogenesis 
is associated with a change in the intrinsic properties of the 
substantia nigra pars reticulata. Increase of GABA turnover 
in substantia nigra pars reticulata by drugs such as val- 
proate (L~ischer, 1989) and gabapentin (LiSscher et al., 
1991) and the resulting decrease in substantia nigra pars 
reticulata firing could thus constitute an effective means of 
restoring or potentiating the seizure-gating function of the 
substantia nigra pars reticulata. Interestingly, the dose (30 
m g / k g )  of gabapentin found effective in the present exper- 
iments to decrease firing of substantia nigra pars reticulata 
neurons was the lowest effective anticonvulsant dose in 
kindled rats (Taylor. 1995). 

After our initial observation that gabapentin increases 
GABA turnover (LiSscher et al., 1991), several subsequent 
studies reported that gabapentin interacts with the GABA 
system. The drug was shown to increase the activity of the 
GABA synthesizing enzyme glutamic acid decarboxylase; 
(Taylor et al., 1992) which could explain the increased 
GABA turnover in response to gabapentin (Ltischer et al., 
1991). Furthermore, gabapentin was shown to increase 
GABA release in rat brain slices and isolated optic nerve 
tissue, possibly by reversal of GABA transport (G(Stz et al., 
1993: Kocsis and Honmou, 1994; Honmou et al., 1995a,b; 
Fichter et al., 1996). Recently, Petroff et al. (1996) re- 
ported in vivo measurements of GABA in human brain by 
magnetic  resonance spectroscopy,  indicating that 
gabapentin increases brain GABA in patients with com- 
plex partial seizures. However, as shown by previous 
studies with GABA elevating drugs, it is certainly not a 
global increase in brain GABA which is important for 
seizure protection, but increase of GABA turnover and 
release in certain discrete and highly specific brain regions, 
such as substantia nigra pars reticulata, in which enhancing 
GABA transmission exerts an anticonvulsant action (Gale, 
1988). 

In addition to increasing GABA turnover and release, 
gabapentin has been demonstrated to exert several other 
effects which could be involved in its anticonvulsant ac- 
tion, including interactions with some cytosolic enzymes 
of brain tissue, binding to the system L neutral amino acid 
transporter, and reduction of sustained repetitive firing of 
sodium-dependent action potentials of central neurons (of., 
Taylor, 1995). However, it is presently unclear whether 
these actions are necessary for the anticonvulsant effects of 
gabapentin. 

Interestingly, the onset of gabapentin's effects on single 
unit firing of substantia nigra pars reticulata neurons in the 
present experiments in rats closely matched its onset of 
anticonvulsant action in this species (Taylor. 1995, and 
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unpublished experiments with i.v. and i.p. administration 
of gabapentin in the maximal electroshock seizure test). 
Despite the rapid onset of anticonvulsant activity, peak 
anticonvulsant effects after i.v. or i.p. injection are reached 
not before about 2 h and lag behind peak drug concentra- 
tions in brain tissue and microdialysate (Vollmer et al., 
1986: Welty et al., 1993, and unpublished data). Pharma- 
cokinetic experiments have shown that gabapentin crosses 
the blood-brain barrier very rapidly and reaches maximal 
brain levels within 30-60 rain (Vollmer et al., 1986; Welty 
et al., 1993). Because of this rapid penetration into the 
brain, it has been suggested that gabapentin is transported 
by an active transport process (Welty et al., 1993). 

With respect to drug potency, gabapentin was recently 
reported to block maximal electroshock seizures at 15 
m g / k g  i.v. in about 80% of male Sprague-Dawley rats 
(Welty et al., 1993), while no consistent effect on substan- 
tia nigra pars reticulata neuronal firing was observed at 
this dose in the present experiments. In this respect it 
should be noted that maximal electroshock seizure experi- 
ments with gabapentin in female Wistar rats as used in the 
present neurophysiological experiments indicated that doses 
of at least 20-30 m g / k g  are needed to exert significant 
anticonvulsant effects (W. Lascher and D. H6nack, unpub- 
lished experiments), which matches the dose range found 
effective to decrease substantia nigra pars reticulata activ- 
ity in this strain and gender. 

In conclusion, the present study is a further, obviously 
important step toward establishing a cellular mechanism of 
action for gabapentin. Gabapentin's prevention of seizures 
from GABA antagonists or GABA synthesis inhibitors in 
rodents (Bartoszyk et al., 1986), findings of increased 
GABA synthesis in vivo (LiSscher et al., 1991) together 
with findings of increased GABA release from brain slices 
(G6tz et al., 1993; Honmou et al., 1995a,b) and the present 
finding of in vivo inhibition of neuronal firing in the 
substantia nigra pars reticulata, where protection against a 
broad spectrum of seizures can be obtained by increasing 
GABA function (Gale, 1988), indicate that enhancement of 
GABAergic mechanisms is a reasonable hypothesis for the 
anticonvulsant action of gabapentin. In this respect, 
gabapentin resembles the widely used anti-epileptic val- 
proate, which has also been shown to increase GABA 
release, glutamic acid decarboxylase activity and nigral 
GABA turnover, and to inhibit substantia nigra pars reticu- 
lata firing, though the precise cellular mechanisms in- 
volved in these effects of valproate might differ, at least in 
part, from those of gabapentin (Lascher, 1993). However, 
it is important to note that, although gabapentin and val- 
proate seem to exert similar effects on the GABA system, 
they differ in a number of important aspects. For instance, 
in contrast to valproate, gabapentin is ineffective against 
nonconvulsive absence-like seizures in a genetic rat model 
and against photosensitive, myoclonic seizures in baboons 
(Taylor, 1995). These differences strongly suggest that 

valproate has additional mechanisms of anticonvulsant ac- 
tion different from gabapentin (cf., L6scher, 1993). 
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