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SUMMARY
Purpose—To examine antiepileptogenic and antiictogenic potential of retigabine under conditions
of rapid kindling epileptogenesis during different stages of development.

Methods—The experiments were performed in postnatal day 14 (P14), P21 and P35 male Wistar
rats. After stereotaxic implantation of hippocampal stimulating and recording electrodes, the effects
of retigabine on baseline afterdischarge properties were studied. Next, the animals underwent rapid
kindling (sixty 10 second trains, bipolar 20 Hz square wave pulses delivered every five minutes).
The progression of seizures (kindling acquisition), and responses to test stimulations after kindling
(retention) were compared between retigabine and vehicle-treated rats. Additionally, the effects of
retigabine on the severity of seizures in previously kindled animals were examined.

Results—When administered intraperitoneally in doses that induced only mild, or no motor deficits,
retigabine significantly dampened brain excitability, evident as the increase of afterdischarge
threshold and shortening of afterdischarge duration. During kindling, retigabine delayed the
development of focal seizures in P14 rats, and prevented the occurrence of full limbic seizures at all
three ages. At P14 and P21, but not at P35, pretreatment with retigabine prevented the establishment
of kindling-induced enhanced seizure susceptibility. Administration of retigabine to kindled animals
decreased the severity of seizures induced by test stimulation. The effect was most prominent at P14.

Discussion—Retigabine exerted both antiepileptogenic and antiictogenic effects under conditions
of rapid kindling model. These effects were apparent during post-neonatal, early childhood and
adolescent stages of development.
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INTRODUCTION
Retigabine is a new antiepileptic drug that exhibits broad spectrum anticonvulsant activity
under conditions of experimental seizure models. Retigabine inhibited epileptiform activity
induced in rat hippocampal slices by 4-aminopiridine, bicuculline, NMDA (Armand et al.,
1999) and low Mg2+ (Armand et al., 2000; Dost and Rundfeldt, 2000), as well as in vitro
spontaneous bursting in the entorhinal cortex of rats that had been subjected to kainate status
epilepticus (Smith et al., 2007). The broad spectrum of activity was evidenced in vivo, by its
ability to inhibit acute seizures which were induced in rats by maximal electroshock,
pentylenetetrazole, picrotoxin, N-methyl-D-Aspartate (Rostock et al., 1996). The drug was
effective against audiogenic seizures in DBA/2 mice (Rostock et al., 1996), and kindled
seizures in rats (Nickel et al., 1993; Tober et al., 1996).

Antiepileptic activity of retigabine has been proved in clinical investigations conducted thus
far. For example, in Phase II clinical trials adjunctive treatment with retigabine reduced the
frequency of partial onset seizures (Porter et al., 2007).

Retigabine exerts its antiepileptic effects mainly through the opening of KCNQ2/3 channels
(a.k.a. KV7.2/7.3) and subsequent augmentation of M-type K+ currents (Main et al., 2000;
Rundfeldt et al., 2000; Tatulian et al., 2001; Wickenden et al., 2000), which have been
implicated in regulating neuronal excitability (Cooper, 2001; Hu et al., 2007; Vervaeke et al.,
2002). Particularly high expression of KCNQ2/3 channels is observed in the axon initial
segment and the nodes of Ranvier (Devaux et al., 2004; Pan et al., 2006). While the importance
of this target is underscored by the contributory role played by mutations in KCNQ2 and
KCNQ3 channels in benign neonatal convulsions (Biervert et al., 1998; Singh et al., 1998),
these channels are likely involved in other forms of epilepsy, including mesial temporal lobe
epilepsy. Indeed, in the hippocampus in vitro, retigabine prevented bursting of hippocampal
CA1 pyramidal cells (Yue & Yaari, 2004; 2006). Increase of brain concentration of GABA
through the inhibition of the activity of GABA transaminase has also been considered as a
mechanism of anticonvulsant effect of retigabine (Kapetanovic et al., 1995; Sills et al., 2000).

While the ability retigabine to inhibit limbic seizures has been shown in some studies (Nickel
et al., 1993; Tober et al., 1996), it is not known whether retigabine can interfere with the
progression and the establishment of a chronic epileptic state (i.e. epileptogenesis). Meanwhile,
the importance of developing of antiepileptogenic therapies, as opposed to merely
anticonvulsant agents has been emphasized during recent years (Holtkamp and Meierkord,
2007; Stables et al., 2003).

The main purpose of the current study was to examine the antiepileptogenic potential of
retigabine under conditions of animal model of limbic epileptogenesis. As such, we employed
a rapid kindling protocol, which might be regarded as a model of “compressed
epileptogenesis”. In this process, the animal is brought from the naïve to epileptic state within
a matter of several hours (Lothman et al., 1985; Lothman and Williamson, 1994). An important
feature of rapid kindling is that it can be induced during early stages of development (Holmes
and Thompson, 1987; Michelson and Lothman, 1991), and thus affords examining both
epileptogenesis and its modification within an ontogenic window of interest (Mazarati et al.,
2007; Zhao et al., 2006). The latter feature is of particular importance when employing rodent
models of epileptogenesis, since the maturation of the rodent brain often supersedes the
evolution of seizures following a precipitating insult (Sankar et al., 2000; Suchomelova et al.,
2006), or during conventional kindling. Our previous studies showed that the same antiepileptic
drug may have different effect on rapid kindling in the animals at different stages of brain
maturation (Mazarati et al., 2007); such age-discriminating effect of antiepileptic drugs under
conditions of rapid kindling opens the possibility to use this model for preclinical evaluation
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of antiepileptic drugs tailored for certain age populations. Therefore, we studied the effects of
retigabine on seizure evolution at three different ages, which corresponded to post-neonatal,
early childhood, and adolescent stages of development in humans.

METHODS
Animals

The experiments were performed in male Wistar rats (Charles River, Wilmington, MA). The
age of the animals at the beginning of the experiments was postnatal day 14 (P14, post-
neonatal), 21 (P21, pre-adolescent), and 35 (P35, adolescent). The experiments were done in
accordance with the policies of the National Institutes of Health and the UCLA Office for the
Protection of Research Subjects.

Surgery
Animals were anesthetized with Isoflurane and stereotaxically implanted with a twisted bipolar
stimulating electrode (Plastics1 Inc., Roanoke, VA) in the left ventral hippocampus according
to the coordinates indicated in Table 1. A tripolar recording skull electrode (Plastics1) was
placed over the left hemisphere, 2 mm anterior from bregma with the ground connected to a
screw in the nasal bone. The experiments began 24 hours after surgery.

Kindling procedure
Rapid kindling procedure was performed as previously described (Lothman et al., 1985;
Mazarati et al., 2007; Michelson and Lothman, 1991). Animals were placed in Plexiglas
observation chambers (Instech Solomon, Plymouth Meeting, PA) with free access to food and
water. Stimulating and recording electrodes were connected to the 3 + 2 channel commutator-
swivel model SL2X3C (Plastics1). From the swivel, the stimulating electrode was connected
to the DS8000 electrical stimulator via DSI100 stimulus isolator (World Precision Instruments,
Sarasota, FL). The recording electrode was connected to the MP100/EEG100B system
(BIOPAC, Santa Barbara, CA). The latter was connected to a computer equipped with the
USB1W external ADD board and AcqKnowledge 3.8 acquisition software (BIOPAC). The
acquisition system was configured so that 5 minute-long EEG segments were triggered by
stimuli generated via electrical stimulator. Animals’ behavior was digitally captured by a video
camera connected to the computer.

At the beginning of the experiment, afterdischarge threshold and duration were detected by
applying electrical stimuli of 10 s train duration, 50 ms peak interval, 1 ms pulse duration,
square wave biphasic waveform, starting with 0.1 mA, with 0.05 mA increments, delivered
every 10 minutes. After the detection of the afterdischarge, evident as a high-frequency
response lasting 2 s or more after the end of the train, animals underwent rapid kindling
procedure.

Kindling consisted of 60 trains delivered every 5 minutes using the parameters described above
and a current of 0.05 mA above the afterdischarge threshold; thus, the whole procedure lasted
five hours. Behavioral seizures were scored using a modified Racine (1972) scale: 0, normal
behavior (active, or sleep); stage 1, motor arrest with or without facial twitches, chewing; stage
2, head bobbing and/or jerking; stage 3, forelimb clonus; stage 4, rearing; stage 5, rearing, and
falling.

Twenty four hours after the end of kindling, afterdischarge properties were re-examined.
Animals were considered kindled if they exhibited a decrease of afterdischarge threshold as
compared to baseline conditions, and developed behavioral seizure in response to the threshold
stimulation.
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Evaluation of behavioral motor effect of retigabine
Animals received intraperitoneal (i.p., volume 2 ml/kg) injection of retigabine (Valeant
Pharmaceuticals International, Aliso Viejo, CA), dissolved in 50% dimethyl sulfoxide (DMSO,
Sigma St. Louis MO). Drug doses (2.5 and 5 mg/kg) were chosen based on earlier report
(Tober et al., 1996). Control animals were injected with 50% DMSO. Animals were examined
every 5–10 minutes fir the presence of motor deficits, for a period of 2 hours after injections.
The examination of behavioral effects of retigabine was based on the description provided by
Tober et al. (1996). Particularly, we studied two behavioral indices: righting reflex, which was
measured as a time required to return to normal position after the animal had been placed on
its back; and flat body posture which was expressed using the following ordinal scale: 0: normal
behavior; 1: mild – reduced muscle tone, preserved ability to spontaneous movement; 2:
moderate – reduced muscle tone, no spontaneous movement, but preserved movement in
response to tail pinch; 3: severe – complete loss of muscle tone and movements response to
tail pinch is minimal.

Evaluation of antiepileptic effects and the duration of action of retigabine
Antiictogenic effects—Animals were subjected to the rapid kindling. On the next day,
afterdischarge properties were examined, and animals received a single bolus of retigabine,
dissolved in 50% DMSO. Control animals received DMSO. Based on behavioral effects of
retigabine (Results, Fig. 1), P14 animals received 2.5 mg/kg of the drug, while P21 and P35
animals were given 5 mg/kg. Afterdischarge threshold and behavioral seizure response to
threshold stimulation were examined 20 min, 1 hour, 2 hours and 4 hours after drug injection.

Antiepileptogenic effects: kindling acquisition—After the initial determination of
afterdischarge properties, naive animals received i.p. injection of retigabine (P14- 2.5 mg/kg;
P21 and P35- 5 mg/kg). Control rats were injected with DMSO. Twenty minutes after the
injection, afterdischarge properties were examined again, after which animals were subjected
to kindling. For the kindling procedure the stimulation parameters were set at levels that
induced an afterdischarge in both control and retigabine-treated rats. Based on the duration of
the effects of retigabine obtained during examination of antiictogenic effects of the drug
(Results, Fig. 2), all rats received the second injection of the drug in the same dose as initially,
after 30 stimulations, that is in the middle of kindling procedure. The following parameters
were used to describe kindling progression: number of stimulations required to reach first focal
seizure (stage 1); maximal behavioral seizure score; number of full kindled seizures (stage 4–
5) recorded in response to 5 consecutive stimulations.

Antiepileptogenic effects: kindling retention—Twenty four hours after the end of
kindling (26 hours after the last retigabine injection), afterdischarge properties and behavioral
seizure score in response to threshold stimulation were examined.

Data analysis
Data were analyzed using Prizm 4 software (GraphPad, San Diego, CA). Number of animals
in experimental groups and statistical tests used are indicated in respective results sections. For
samples that had passed D’Agostino and Pearson omnibus normality test, appropriate
parametric analyses were applied; samples that failed normality test were subjected to non-
parametric analyses. Statistical tests used for each experiment are indicated in respective figure
legends.
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RESULTS
Motor behavioral impairments after retigabine injection, and selection of doses for kindling
studies

In two-week old animals, strong motor impairments were observed after the administration of
retigabine at 5.0 mg/kg; when injected at 2.5 mg/kg, the drug induced only mild motor deficits,
(Fig. 1). At the age of three weeks, retigabine induced mild motor impairments when given in
both doses. In both two- and three- weeks old subjects, behavioral impairments developed
within 5 minutes after drug injection, and were discernable for no more than 30 minutes from
the time of the occurrence. No observable alterations in motor behavior were recorded in five-
week old rats after the drug was administered at either 2.5, or 5 mg/kg (Fig. 1). Administration
of DMSO did not induce motor deficits.

Since at a dose of 5 mg/kg, retigabine induced moderate motor impairments in P14 animals,
for further studies the dose of 2.5 mg/kg was selected as the one leading to only mild and short-
lasting behavioral alterations. In P21 and P35 rats, we employed a dose of 5 mg/kg, as in this
amount of retigabine induced only very mild (P21) or no (P35) motor deficits.

Antiictogenic effects of retigabine
The ability of retigabine to inhibit kindled limbic seizures was examined in the animals which
had been subjected to the rapid kindling procedure one day earlier.

As it had been shown earlier (Mazarati et al., 2007; Michelson and Lothman, 1991), rapid
kindling lowered afterdischarge threshold, as compared to pre-kindling values. Thus, in P14
pups (n = 8) afterdischarge threshold after kindling was 0.54 ± 0.1 mA as compared with 1.2
± 0.12 mA (p < 0.05). In P21 animals (n = 7) the value was 0.56 ± 0.5 vs. 0.86 ± 0.1 before
kindling (p < 0.01). In P35 rats (n = 7) afterdischarge threshold after kindling was 0.35 ± 0.6
mA as compared to 0.8 ± 0.06 mA prior to kindling (p < 0.05). In addition to changes in
afterdischarge properties, threshold stimulation applied to kindled animals induced behavioral
seizures with the severity ranging between scores 3 and 4 (Fig. 2).

Administration of retigabine to animals of each of the three ages induced strong anticonvulsant
effect. Statistically significant increase of afterdischarge threshold and reduction of the severity
of behavioral seizures induced by threshold stimulation peaked during the first test (20 minutes
after retigabine treatment, Fig. 2). In P14 animals, the reported changes in afterdischarge and
seizure properties were observed during 1-hour (not shown) and 2-hours (Fig. 2) test
stimulations. In P21 subjects, anticonvulsant effects of retigabine were present at 1 hour (not
shown), but disappeared 2 hours after treatment (Fig. 2). P35 rats exhibited elevated
afterdischarge threshold and attenuated seizure severity at 1 hour (not shown). At 2 hours,
afterdischarge threshold was significantly lower than at 20 min and 1 hour, but still above pre-
treatment value; seizure severity was still lower than before retigabine injection, although the
difference was not statistically significant (Fig. 2). Four hours after treatment, both
afterdischarge threshold and seizure severity returned to pre-injection values in both P14 and
P35 subjects.

In the control experiments, administration of DMSO to separate groups of kindled animals did
not affect afterdischarge properties (data not shown).

The effects of retigabine on afterdischarge properties in naïve rats
Administration of retigabine to naïve animals strongly suppressed brain excitability at P14 (n
= 8, 2.5 mg/kg), P21 (n = 6, 5 mg/kg) and P35 (n = 8, 5 mg/kg). This was manifested by an
increase in afterdischarge threshold, and shortening of afterdischarge duration (Fig. 3). The
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extent of inhibition of afterdischarge was similar across the three ages. No changes in
afterdischarge properties were observed in DMSO-treated subjects.

The effects of retigabine on kindling acquisition
In P14 animals (n = 5), treatment with retigabine (2.5 mg/kg) significantly delayed the
development of the first stage 1 seizure, and attenuated the severity of behavioral seizure
responses (Fig. 4 A, Left). In P21 (n = 6, Fig. 4 B, Left) and P35 (n = 7, Fig. 4 C, Left) retigabine
injection (5 mg/kg) mitigated the severity of behavioral seizures during the course of kindling;
however, the occurrence of the first focal seizure was not delayed as compared to controls.

In control animals, kindling was characterized by the occurrence and progressive increase of
the density of stage 4–5 seizures (Fig. 4, A-C, right panels). At the same time, treatment with
retigabine prevented the development of full kindled seizures in the animals of all ages (only
one of the five P14 rats exhibited a single stage 4 seizure, Fig. 4 A, right panel).

The effects of pre-treatment with retigabine on rapid kindling retention
Twenty four hours after the completion of kindling procedure, afterdischarge properties and
seizure responses to test stimulations were examined in the same animals which had been used
for kindling acquisition studies. Control (Vehicle-treated) animals of each of the three ages,
exhibited reduction of afterdischarge threshold and increase of afterdischarge duration;
furthermore, animals developed stage 3–4 seizures in response to threshold stimulation (Fig.
5) In contrast to control animals, P14 (n = 5) which had been treated with retigabine prior to,
and during the kindling procedure, showed neither a change in afterdischarge properties as
compared to pre-kindling value, nor behavioral seizures in response to test stimulations.
Likewise, in P21 rats (n = 6) pretreated with retigabine, afterdischarge properties did not differ
from pre-kindling indices; seizure responses were limited to focal (stage 1) seizures in 3 out
of 6 animals, while 3 rats did not develop seizures at all. Surprisingly, inhibition of kindling
acquisition in P35 animals (n = 7), did not prevent post-kindling increase of hippocampal
excitability, that was evident as the reduction of afterdischarge threshold, increase of
afterdischarge duration, and development of overt limbic seizures in response to threshold
stimulation; at this age, changes in afterdischarge properties and seizure response were similar
to those in control rats (Fig. 5).

DISCUSSION
Our studies provide evidence that retigabine exerts antiictogenic and antiepileptogenic effects
in developing rats under conditions of rapid kindling limbic epileptogenesis.

As was mentioned in the Introduction, retigabine has been reported to possess a broad-spectrum
anticonvulsant profile in several animal models. Our studies extends the anticonvulsant
efficacy of retigabine to include another seizure model, as the drug reversed rapid kindling-
induced decrease of afterdischarge threshold and mitigated the severity of behavioral seizures
in kindled animals. This result is in agreement with previously shown effectiveness of the drug
in amygdala kindling model (Tober et al., 1996). Furthermore, antiictogenic effects of the drug
appeared to be age-dependent. Thus, both the extent (determined by the increase of
afterdischarge threshold) and the duration of anticonvulsant effects were more prominent at
P14, as compared to both P21 and P35, particularly considering that the dose used in two-week
old animals was one-half of that administered to older subjects.

Retigabine significantly decreased brain excitability in naïve rats, which was manifested by an
increase in the afterdischarge threshold and shortening of the afterdischarge duration. This
effect was consistent with results reported by Tober et al (1996). In contrast to retigabine,
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topiramate did not modify baseline afterdischarge properties in P14 and P21 animals (Mazarati
et al., 2007). At P35 topiramate inhibited ambient afterdischarge, but the extent of this effect
was much weaker than that observed for retigabine.

The central finding of the present study was that retigabine strongly antagonized rapid kindling
epileptogenesis. The importance of developing of antiepileptogenic therapies has been
emphasized in recent years. However, many preclinical studies failed to reveal
antiepileptogenic properties for both established and novel antiepileptic drugs (e.g. Glien et
al., 2002; Holtkamp and H. Meierkord, 2007; Nissinen et al., 2004; Prasad et al., 2002; Pitkänen
et al., 2005; Suchomelova et al., 2006). A significant obstacle in the preclinical development
of antiepileptogenic drugs lies in the limitations of existent animal models. Post-status
epilepticus chronic epilepsy in rodents has been used for studying antiictogenic therapies (e.g.
Grabenstatter et al., 2005, 2007; Nissinen and Pitkänen, 2007). However, high costs, long
duration and large sample size due to inter- and intra-animal variability of seizure frequency,
make this model quite difficult to use for antiepileptogenic studies (Mazarati, 2007; Nissinen
and Pitkänen, 2007). Another important limitation of post-status epilepticus models is that they
cannot be used for studying pediatric epileptogenesis: indeed due to rapid maturation, animals
that had experienced status epilepticus at young age, become adults by the time they develop
spontaneous seizures (Suchomelova et al., 2006).

Rapid kindling which has been described both in adult and immature animals (Holmes and
Thompson, 1987; Lothman et al., 1985; Michelson and Lothman, 1981), provides a mechanism
in which to study the disease modifying properties of a particular therapy within a very narrow
ontogenic window. As such, rapid kindling can be used for screening antiictogenic medications
(DeSmedt et al., 2005; Mazarati et al., 2007). In addition, several reports emphasized the
possibility of using the model for testing antiepileptogenic therapies. For example,
modification of seizure progression under conditions of rapid kindling has been described for
uridine (Zhao et al., 2006), the neuropeptide galanin (Mazarati et al., 2006), and topiramate
(Mazarati et al., 2007).

While further validation of rapid kindling as an adequate model of epileptogenesis is necessary,
the present data provide initial evidence that retigabine may effectively interfere with the
evolution of epilepsy. Similarly to its antiictogenic effects, retigabine appeared to be more
effective than topiramate at younger ages. Indeed, findings from previous studies (Mazarati et
al., 2007) demonstrated that topiramate inhibited rapid kindling epileptogenesis in two- three-
and five-week old animals; however, the drug was most effective at the oldest age tested, and
was least effective in P14 rats. Unlike topiramate, retigabine was equally effective across all
three ages in inhibiting stage 4–5 seizures; in addition, the drug delayed the occurrence of focal
(stage 1) seizures selectively in two-week old rats, an effect not observed for topiramate.

The antiepileptogenic effects of retigabine were confirmed in the post-acquisition experiments
designed to examine kindling retention. In the rat, retigabine has a half-life of about 2 hours
after an i.p. administration (Valeant Pharmaceuticals International, data on file). Thus,
hindering of enhanced excitability 24 hours after kindling reflects the drug’s antiepileptogenic
effect. While prevention of enhanced seizure susceptibility in P14 and P21 rats further
supported the antiepileptogenic efficacy of retigabine, its failure to prevent the establishment
of kindling state in P35 rats is somewhat surprising. Indeed, during the kindling experiments
under retigabine treatment, stimulation parameters were titrated to elicit afterdischarges and
thus to assure adequate electrophysiological response in all ages. While the inability of
retigabine to interfere with kindling retention in older animals requires further studies and
explanations, it emphasizes higher efficacy of the drug in younger ages.
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Intraperitoneal administration of retigabine in therapeutic doses induced none, or mild motor
behavioral deficits. The presence of motor impairments after administration of retigabine at a
dose of 5 mg/kg contradicts earlier finding that this dose induced no side effects (Tober et al.,
1996). A noticeable difference between the present investigation and earlier studies is the age
of experimental animals employed. Although Tober et al (1996) did not specify animals’ age,
their weight (220–260 g) corresponds to mature rats, aged 10 weeks or more; in contrast we
employed subjects that were 5 weeks-old or younger. It is conceivable, that similar to
antiictogenic and antiepileptogenic effects, the observed motor deficits were age-dependent.
Such suggestion is supported by our observation that the severity of behavioral impairments
was most noticeable in P14 animals.

An important question is whether behavioral abnormalities following retigabine administration
are mechanistically connected to its anticonvulsant effects. A related technical issue is whether
behavioral deficits affect behavioral manifestation of seizures, and thus whether the observed
antiepileptic effect represents a false positive result. With this in mind, the behavioral
impairments observed in our studies lasted for no longer than 30 minutes after drug
administration. At the same time, antiictogenic effects were tested beginning from 20 min after
retigabine injection, and persisted between 1 and 2 hours, depending on age. In kindling
acquisition studies, the procedure also began 20 min after retigabine treatment, and the second
injection was performed 2.5 hours into the kindling procedure. Furthermore, prevention of
retention of kindling in P14 and P21 subjects was evident 26 hours after the last retigabine
injection. Considering that the half-life of the drug is approximately 2 hours (Valeant
Pharmaceuticals International, data on file), this time frame is more than sufficient to
completely eliminate retigabine. Finally, in addition to the inhibition of behavioral seizures,
retigabine treatment modified electrophysiological correlates of increased brain excitability.
All the mentioned facts suggest that antiepileptic effects of retigabine are not related to
behavioral abnormalities observed early and for a short time after its administration.
Nevertheless, it cannot be excluded that motor deficits and antiepileptic effects of retigabine
share common mechanisms; to examine this possibility, it would be interesting to know
whether these two phenomena can be dissociated, for example by using KCNQ2/3 channels
blockers.

As it has been pointed out throughout the study, many of the effects of retigabine were more
pronounced in younger animals, than in their older counterparts. The reasons for stronger and
longer-lasting effect of retigabine in younger subjects are not clear. A pharmacokinetic basis
for this observation is possible, but seems unlikely. In clinical studies, maximal plasma
concentration of retigabine was similar between young (18–40 years) and older (66–81 years)
volunteers; half-life of retigabine was around 8 hours at younger age, but was approximately
30% longer in older patients, which was attributed to age-related decline of renal function and
hence slower clearance (Hermann et al., 2003). Indeed, clinical experience with other
antiepileptic drugs with predominantly renal clearance suggests that a higher dose of the drug
is commonly used in young children to achieve clinical efficacy comparable to that in adults.
Nevertheless, detailed and age-related pharmacokinetic data in rodents will facilitate future
experiments.

At the same time, the reported differences in the effects of retigabine may reflect the importance
of KCNQ2/3 channels in regulating brain excitability during development. Thus, under
conditions of low Mg2+ model of epileptiform activity in the hippocampus, pharmacological
blocking of KCNQ2/3 channels facilitated the transition from interictal to ictal bursting more
prominently in immature rats (P8-P15), as compared to adult animals (Qui et al., 2007).
Inhibition of KCNQ2/3 channels enhanced depolarization-induced release of GABA and
glutamate, and facilitated propagation of neuronal excitability in hippocampal slices from early
post-natal, but not older rats (Okada et al., 2003). Finally, prolonged pharmacological blocking
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of M-currents by linopirdine induced epileptiform activity in hippocampal slices obtained from
1–2 weeks old, but not 8–9 weeks old rats (Peña and Alavez-Pérez, 2006). These data suggest
that the excitability of the immature brain is particularly prone to the regulatory effect of M-
currents, and hence to the antiepileptic effects of KCNQ2/3 openers. At the same time, reports
from both earlier studies and our current data show that retigabine is highly effective in both
immature and adult subjects.

In conclusion, our data suggest that retigabine may be effective in inhibiting limbic
epileptogenesis, and may be particularly beneficial in pediatric patients. Upon further
verification of the observed preferential effectiveness of the drug in the developing brain,
retigabine might take its place in the emerging armamentarium of antiepileptic drugs that
impact pediatric epileptogenesis.
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Fig. 1. Motor behavioral effects of retigabine
Latency of recovery after administration of either vehicle, or retigabine (RTG) under conditions
of righting reflex test, and motor impairment score for flat body posture test are presented as
Mean ± SEM. Asterisk: p < 0.05 vs. Vehicle (Kruskall-Wallis + Dunn’s post hoc test).

Mazarati et al. Page 12

Epilepsia. Author manuscript; available in PMC 2009 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 2. Antiictigenic effects of retigabine under conditions of the rapid kindling
Afterdischarge threshold (upper, left Y-axis) and behavioral seizure score in response to
threshold stimulation (bottom, right Y-axis) before (-20 min on X-axis) and at different time
points after rertigabine administration to kindled animals. Retigabine (RTG) was injected at a
dose of 2.5 mg/kg to P14, and 5 mg/kg to P21 and P35 rats. Data are presented as Mean ±
SEM. Asterisk- p < 0.05 vs. “−20 min”: repeated measure ANOVA + Bonferroni test for
afterdischarge threshold; Friedman + Wilcoxon test for behavioral seizure score.
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Fig. 3. The effects of retigabine on afterdischarge properties in naïve rats
A. Afterdischarge (AD) properties are presented as percent of respective values prior to
treatment with either DMSO (Vehicle), or retigabine (RTG). Dose of retigabine (mg/kg) for
each age is indicated on the figure legend. Asterisk- p < 0.05 vs. values before treatment; paired
Student t-test. B. Examples of electrographic responses obtained from a P21 animal before and
after retigabine injection (5 mg/kg). Note the increase of afterdischarge threshold (indicated
on the left side of each tracing), and the shortening of afterdischarge duration (outlined by the
dashed rectangle).
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Fig. 4. The effects of retigabine on kindling acquisition
Left: Bar graphs show number of kindling stimulations required to reach first stage 1 seizure,
as well as maximal score of behavioral seizures observed during rapid kindling. Right: Line
graphs show the progression of full kindled seizures, expressed as the number of stage 4–5
convulsions recorded in response of 5 consecutive kindling trials. Data are presented as Mean
± SEM. Dagger – p < 0.05 vs. Vehicle (Student t-test).
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Fig. 5. Afterdischarge properties and seizure responses to test stimulation 24 hours after rapid
kindling
A. Afterdischarge (AD) properties are expressed as percent of respective values prior to
kindling for the same animals. Behavioral seizure severity is presented as Mean ± SEM.
Asterisk – p < 0.05 vs. respective values before kindling (paired Student t-test); dagger- p <
0.05 vs. Vehicle treated age-matched rats (Student t-test for afterdischarge properties; Mann-
Whitney test for behavioral seizure score). B. Examples of electrographic responses obtained
24 hours after rapid kindling from P21 rats which had been treated with either vehicle or
retigabine (RTG) prior to kindling procedure. Note that in the vehicle – treated animal,
afterdischarge developed in response to a lower-current stimulation (indicated on the left side
of each tracing), and that the duration of afterdischarge was longer, as compared to the
retigabine – treated rat (afterdischarges are outlined by dashed rectangles). Furthermore, both
afterdischarge threshold and duration in the retigabine- treated animal are similar to those
observed in retigabine – free animals prior to kindling (compare with the top tracing in Fig. 3
B).
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Table 1
Coordinates for stimulating electrode placement.

Age, postnatal days mm deep from brain surface
P14 3.0 3.9 4.2
P21 2.9 3.7 3.8
P35 3.6 4.9 5.0
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