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Summary
Purpose—To examine antiepileptogenic, disease-modifying, and anticonvulsant effects of
topiramate under conditions of rapid kindling at different stages of development.

Methods—Afterdischarge threshold (ADT) and duration (ADD) were examined in two-, three-,
and five-week old Wistar rats before and after administration of topiramate (200 mg/kg). Animals
underwent a rapid kindling protocol (sixty 10 second trains, bipolar 20 Hz square wave pulses
delivered every five minutes). The progression of behavioral and electrographic seizures, and
responses to test stimulations 24 hours after the protocol were compared between topiramate and
vehicle treated control rats. In addition, rats that were previously given vehicle only prior to kindling,
were then given topiramate to examine the effect on established kindled seizures.

Results—In two-week old animals, topiramate affected neither the baseline afterdischarge, nor the
progression of kindled seizures. In three-week old rats, topiramate did not modify the baseline
afterdischarge, but significantly delayed the occurrence of full motor seizures in response to repeated
stimulations. Topiramate treatment of five-week old rats increased baseline ADT, shortened ADD,
and delayed the progression of kindled seizures. Twenty four hours after the last kindling stimulation,
animals of all ages exhibited a decreased ADT, an increase ADD, and developed behavioral seizures
in response to threshold stimulation. Vehicle treated kindled rats that were then given topiramate
displayed significantly attenuated behavioral seizures induced by the threshold stimulation.

Conclusions—Topiramate exhibited age-dependent disease-modifying effects under conditions
of rapid kindling, but failed to block epileptogenesis. Topiramate also inhibited kindled seizures with
equal efficacy across the three ages.
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INTRODUCTION
The successful entry of numerous new antiepileptic drugs (AEDs) during the 1990s has
contributed to increased treatment options for patients with epilepsy. However, refractory
epilepsy remains a significant problem and a third of patients with epilepsy may not achieve
freedom from seizures with medical therapy (Kwan & Brodie, 2000). The limited impact of
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new AEDs on the fraction of patients considered to be medically refractory has prompted a
reevaluation of our approach to drug development (Stables et al., 2002). The failure of the
“gatekeeper screens” to identify potentially useful compounds was highlighted by the
successful emergence of levetiracetam, which failed these screening tests involving acute
seizures provoked by electroshock or pentylenetetrazol (Klitgaard, 2001). Further, there is
increasing interest in developing drugs that not only block seizures, but may provide disease
modification, that is alter the natural course of epilepsy (White, 2003). The concept of disease
modification is especially important in those epilepsies that carry the highest burden of medical
refractoriness.

A discouraging aspect of studying the disease modification potential of AEDs is the time
required for such longitudinal studies. Application of such commonly used protocols as
kindling and post-status epilepticus chronic epilepsy (Morimoto et al., 2004) are particularly
challenging within the pediatric age range due to rapid maturation of experimental animals,
which occurs faster than the progression of chronic epilepsy. In addition to the maturational
issue, technical problems such as displaced electrodes can result from the physical growth of
the brain and skull. A more rapid throughput is desirable to both extend the concept of disease
modification to significant number of candidate AEDs, and to reproduce the whole continuum
of epileptogenesis within a certain ontogenic window. A rapid kindling model, initially
described by Lothman and coworkers (Lothman et al., 1985; Michelson and Lothman, 1991)
might permit the study of the effect of an AED on disease progression much more rapidly than
the traditional kindling model or post-status epilepticus epilepsy.

Rapid kindling affords a method by which to observe the epileptogenic process leading to
enhanced limbic excitability, as well as the progression of altered cognitive changes and
responses to AEDs (Löscher, 2002; Pitkänen and Sutula, 2002; Schmutz et al., 1988).
Topiramate is a broad spectrum AED that is commonly used in pediatric patients (Glauser
1997; 1998). In addition to possessing multiple mechanisms of action that may be relevant to
its clinical efficacy (Rho and Sankar, 1999; Sankar and Holmes, 2004; White et al., 1997), it
also seems to demonstrate exceptional safety compared to traditional AEDs in the immature
brain (Bittigau et al., 2002; Glier et al., 2004). Topiramate has also shown disease-modifying
potential in developing rats after status epilepticus induced by lithium-pilocarpine treatment
in terms of cognitive outcome (Cha et al., 2002) and the development of spontaneous recurrent
seizures (Suchomelova et al., 2006). We examined the disease-modifying potential of
topiramate under conditions of rapid kindling epileptogenesis in animals during different stages
of ontogenic development.

MATERIALS AND METHODS
Animals

The experiments were performed on male Wistar rats (Charles River, Wilmington, MA), of
postnatal days 13, 20, or 34 at the time of surgery. 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. The
coordinates with respect to Bregma were: 13-day old- 3.0 mm posterior, 3.9 mm left, 4.2 mm
ventral; 20 day old: 2.9 mm posterior, 3.7 mm left, 3.8 mm ventral; 34 day old- 3.6 mm
posterior, 4.9 mm left, 5.0 mm ventral. A tripolar recording electrode (Plastics1 Inc.) was
wrapped around skull screws using the nasal bone as the ground. Electrodes were fixed to the
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skull with Cerebond adhesive (MyNeurolab.com, St. Louis, MO). After surgery, animals were
not returned to their respective dams as this pairing can lead to cannibalism or damage to the
implants. Since the immature implanted animals were placed in cages rather than directly on
the warming pads, the regulator was set at 39°C to insure the maintenance of normal core
temperature, since some of the heat transfer was lost through the cages themselves. Further,
animals received 2 daily injections of warmed lactated Ringer’s solution until euthanasia.

Kindling procedure and topiramate treatment
The rapid kindling protocol was originally developed for adult rats (Lothman et al., 1985), and
was later adapted for immature animals (Michelson and Lothman et al., 1991). In contrast to
conventional kindling which requires weeks for full motor seizures to develop, under
conditions of rapid kindling, epileptogenesis is compressed to several hours, while still bearing
key hallmarks of kindling: appearance and gradual progression of the severity of limbic
seizures, and enhanced seizure susceptibility.

Twenty four hours after electrode implantation, the animals were connected to the DS8000
electrical stimulator via DSI100 stimulus isolators (World Precision Instruments) and to the
MP100/EEG100B acquisition system (BIOPAC, Santa Barbara, CA). EEG was acquired using
AcqKnowledge 3.8 software (BIOPAC) along with simultaneous digital video. Both EEG and
behavioral responses were analyzed off-line in a blinded fashion. Throughout the procedure,
animals were kept individually in the Plexiglas observation chambers, equipped with water
bottles and feeder (Instech Laboratories, Plymouth Meeting, PA)

The experimental protocol is outlined in Fig. 1A. At the beginning of the experiment,
afterdischarge threshold (ADT) and afterdischarge duration (ADD) were detected by applying
electrical stimuli,- 10 s train duration, 20 Hz, one ms pulse duration, square wave monophasic
stimuli, starting at 0.2 mA, with 0.1 mA increments, delivered every 10 minutes. After the
detection of baseline afterdischarge, evident as a high-frequency response lasting five seconds
or longer following the end of the train (Fig. 1B), animals were injected intraperitonealy (i.p.)
with topiramate (200 mg/kg, Ortho-McNeil Pharmaceutical, Inc. Raritan, N.J.) dissolved in
25% dimethyl sulfoxide (DMSO, Sigma, St. Louis, MO). Thirty minutes after injection,
afterdischarge properties were examined again, and animals received an additional injection
of topiramate (70 mg/kg). Rapid kindling was started immediately after the second injection.
Control animals received vehicle.

Kindling consisted of 60 trains delivered every five minutes using the parameters described
above using a current of 100 μA over the ADT (total procedure duration was 5 hours).
Behavioral seizures were scored using the following scale: 1- Motor arrest and twitching
vibrissae; 2 – chewing, head bobbing; 3- forelimb clonus; 4- forelimb clonus and rearing (Fig.
1C); 5- rearing and falling. Kindling progression was analyzed by calculating the number of
stimulations required to reach each consecutive seizure score; the number of stage 4–5 seizures;
and the duration of electrographic correlates of stage 4–5 convulsions. Twenty four hours after
the end of the rapid kindling procedure, animals were reconnected to the stimulating/recording
system and afterdischarge properties were studied again.

Rats from the control (DMSO-treated) groups were further studied to examine the effects of
topiramate on the seizure response of kindled animals. Twenty four hours after kindling, the
control rats were injected with topiramate (200 mg/kg) and behavioral seizure response was
examined 30 min after drug injection using their respective threshold stimulus.

After the end of the experiments, animals were anesthetized with pentobarbital (100 mg/kg),
and underwent intracardiac perfusion with saline followed by paraformaldehyde. The
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placement of the stimulating electrode was verified in 40 micron thick coronal sections that
were cut using a sliding microtome and stained with cresyl violet (Fig. 1D).

Statistical analysis
Data were analyzed using Prizm 4 software (GraphPad, San Diego, CA). First we examined
whether the values for each parameter fit a Gaussian distribution, using the Kolmogorov-
Smirnov test; since the distribution for all the examined data was normal, further analyses were
performed using parametric tests. The following tests were applied, as indicated in the table
and figure legends: one-way ANOVA followed by Bonferroni post hoc test for across-the-age
comparisons of the same parameters; unpaired Student t-test for the same age comparison
between control and topiramate-treated animals; paired Student t-test for comparisons of (a)
same parameters before and after topiramate treatment for each age, and (b) same parameters
before and after kindling for each age. Each group included six animals.

RESULTS
Kindling in naïve animals

Afterdischarge properties and kindling progression in naive animals of different ages are shown
in Table 1. While no statistically significant differences were observed in the ADT among the
three age groups, the duration of afterdischarge was longer in both three- and five-week old
rats, as compared to two-week old pups. Administration of vehicle did not modify baseline
afterdischarge properties (Figures 2A–4A).

During kindling procedure, average number of stimulations required to develop first stage 1
seizure was not different among the three ages. However, five-week old animals required fewer
stimulations to develop first full motor seizure (stage 4), than both two- and three-week old
pups. Despite this fact, no age-dependent significant differences were recorded for the number
of full motor seizures (stage 4–5) developed during the course of kindling procedure, although
a trend towards an increase of the number of such responses was observed as the function of
age. Similar non-significant trend was detected for the duration of electrographic seizure
responses. Upon the completion of full motor seizures, animals exhibited brief (10–15 s)
periods of wet dog shakes, after which they quickly returned to normal behavior, such as
exploration, grooming, drinking and food consumption. Animals did not exhibit visible signs
of postictal depression (inhibition of motor function, posture, exophtalmus etc).

Twenty four hours after kindling procedure, the reduction of the ADT and the increase of the
ADD were recorded in the animals of all three ages. The extent of the changes in the
afterdischarge properties was not different across the ages. Furthermore, in response to
threshold stimulation all animals developed behavioral convulsions, the severity of which
varied between stages 2 and 4; in two-week old group, full motor seizure was observed in one
rat, and in three- and five-week old in 3 rats.

Effects of topiramate
Administration of topiramate (200+70 mg/kg) induced no visible changes in animals’ behavior.

Baseline afterdischarge properties—Treatment with topiramate (200 mg/kg) affected
neither ADT, nor ADD in two- and three-week old animals (Figure 2A, 3A). However, in five-
week old rats topiramate significantly increased the threshold (1.7±0.13 mA, p<0.05 vs. Before
topiramate), and shortened the duration of afterdischarge (21.8±2.1 s, p<0.0001 vs. Before
topiramate, Fig. 4A).
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Kindling progression—In two-week old rats, treatment with topiramate affected neither of
the kindling parameters (Fig. 2B). At the age of three weeks, topiramate treatment did not affect
the occurrence of the stage 1 seizure response (Figure 3B). However, the development of full
motor seizures was delayed (27.5±3.5 stimulations, p<0.05 vs. control). Furthermore, EEG
correlates of full motor seizures were shorter (27±1.8 s, p<0.01 vs. control), and the total
number of full motor seizures was lower (14.8±1.1, p<0.01 vs. control, Fig. 3B).

In five-week old rats, topiramate treatment delayed the progression of full motor seizures (27.8
±2.7 stimulations, p<0.001 vs. control), reduced the number of stage 4–5 convulsions (15.3
±2.1, p<0.01 vs. control) and shortened an average seizure duration to 38.5±5.9 s (p<0.05 vs.
control, Fig. 4B).

Topiramate treatment did not prevent the occurrence of full motor seizures in any animal of
any age tested.

Responses after kindling—Twenty four hours after kindling procedure, all topiramate-
treated animals at all ages exhibited the reduction of ADT and the increase of ADD, similar to
those observed in control rats (p>0.05); the changes were statistically different as compared
to the pre-kindling values (Figures 2–4). Threshold electrical stimulation induced behavioral
seizures of stage 2–4 regardless of age or treatment (Panel C on Figures 2–4).

Kindled seizures—We examined whether treatment with topiramate would modify seizure
responses in already kindled animals. Using the control animals from each of the three ages
which had been treated with vehicle only and were then kindled, administration of topiramate
to these rats significantly attenuated the severity of behavioral seizures in response to the
threshold stimulations (Fig. 5) However, the extent of anticonvulsant effect was more
pronounced at five weeks of age (p<0.01 vs. before topiramate injection), than in both two-
and three-week old rats (p<0.05 vs. before topiramate treatment).

DISCUSSION
Our experiments showed that topiramate exhibited age-dependent anticonvulsant effects under
conditions of rapid kindling. Comparison of the effects of topiramate on baseline afterdischarge
properties and the rate of kindling reveals that the inhibitory and antiepileptic efficacy of
topiramate increases as a function of age. The term “disease modifications” is employed to
convey the concept that while a treatment may not prevent the occurrence of a disease, it may
nevertheless modify the natural course of the disease. The ability to retard the progression of
a neurologically debilitating disease is therapeutically valuable.

The present study demonstrates the value of the rapid kindling model to study disease
modification in terms of retardation of the development of motor seizures in response to
repeated stimulations. The dose of topiramate employed by us was derived from a reasonable
estimate of appropriate dose for these studies based on the literature. Amano et al (1998) found
only doses of 100 mg/kg and 200 mg/kg to retard amygdaloid kindling. They began to see
some sedation at the higher dose in mature rats. Our animals received 200 mg/kg plus an
additional 70 mg/kg dose to help maintain adequate levels of topiramate through the rapid
kindling procedure which took five hours. Shank et al (1994) reported a peak effect of
topiramate fours after oral administration in its ability to protect rats against maximal
electroshock-induced convulsions and reported duration of action of at least sixteen hours.

We performed our experiments on two-, three- and five-week old animals. Our previous studies
(Sankar et al., 1998) involving lithium-pilocarpine status epilepticus (SE) showed a dramatic
increase in SE-induced epileptogenesis from two-week old to three week-old animals and these
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ages were logical choices for our laboratory. It has been observed that boys may sometimes
experience increased frequency and severity of seizures during adolescence (Morrell, 1992).
In male rats, testosterone and its metabolites enhanced the development of amygdala-kindled
seizures (Edwards et al., 1999). These clinical and laboratory observations prompted as to
verify if the test AED remains effective at that stage of development, and include the five-week
old animals.

Our results involving both three- and five-week old animals are remarkably similar to those of
Amano et al. (1998). We have been able to demonstrate a significant increase in the number
of stimulations required to elicit the first motor seizure at the age of three weeks, and an even
greater increase in five-week old rats treated with topiramate compared to controls, very much
like in the study of Amano et al. (1998), but in a much shorter experiment involving only 5
hours of stimulation. To facilitate rapid kindling, we applied lower frequency (20 Hz), longer
duration (10 s) trains to the ventral hippocampus in contrast to the 60 Hz, 1 s trains applied to
the amygdala by Amano et al. The parameters that subserve rapid kindling have been studied
in detail by Lothman and Williamson (1993; 1994). Other investigators have explored these
parameters in developing animals (Moshé et al., 1981; Holmes and Thompson, 1987). To our
knowledge, this method has not been exploited previously to study disease modification in the
treatment of epilepsy. The striking similarity of our results to those of Amano et al. (1998)
encourages further development of our approach.

As initially observed by Lothman and Williamson (1994), the rapid kindling paradigm does
not produce a lasting or stable kindled state. Our primary aim was to evaluate the effect of an
AED on the rate of acquisition of kindling, rather than to produce permanent epilepsy. We
focused on the “journey” representing the epileptogenic process, rather than the “destination”
of lasting spontaneous seizures. Recently, De Smedt et al. (2005) employed a variation on the
rapid kindling model (rapid kindling with recurrent hippocampal seizures) to study
levetiracetam. That study evaluated the modification of the seizure stage and ADD by
levetiracetam after three days of stimulations, but did not evaluate the rate of kindling
acquisition under levetiracetam treatment. Similarly, Lado et al. (2001) used a rapid kindling
to study the anticonvulsant effects of gabapentin in developing rats. Their study also involved
the effect of gabapentin on kindled seizures rather than on the kindling acquisition process.
Moshé et al (1992) have characterized kindling in immature rats and had observed that
immature rats have very short periods of postictal refractoriness. Although Löscher and Honack
(1990) found that the reduction of interstimulus intervals may modify the effectiveness of
anticonvulsant therapy, the discussed studies prove generally validity of rapid kindling in
evaluating the efficacy of AED therapy. Furthermore, in our experiments animals of all ages
underwent the same stimulation protocol, and while it can be argued that the pharmacological
profile of topiramate may be somewhat different when applied to conventional kindling, our
studies were designed to reveal age-dependent effects of AED therapy.

We could not demonstrate an inhibitory effect of topiramate as measured by the ADT or ADD
using our stimulation parameters and stimulation site in two- and three-week old animals. A
modest effect on these parameters could be demonstrated at the age of five weeks. The
variability of ADT as a function of train duration and stimulus frequency has been studied by
Lothman and Williamson (1992), who found that the variability was highest at low train
durations and the ADT became unvariate at higher train durations. Those data, taken with our
results, suggest that the baseline afterdischarge properties, which likely reflect ambient
excitability of the non-epileptic hippocampus, may not be the ideal parameters for evaluating
the therapeutic potential of AEDs. At the same time, this observation might be age-dependent,
as Reissmuller et al. (2000) found that topiramate increased ADT in adult rats.
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The evolution of limbic seizures appeared to be sensitive to AED intervention. As rapid
kindling progressed, topiramate treated three- and five-week old rats displayed fewer stage 4/5
seizures as compared to their respective DMSO-treated controls, as well as diminished EEG
seizure durations. That focal afterdischarges may be much more resistant to anticonvulsants
than are stage 4 or 5 seizures has been observed in earlier studies by other investigators
(Albright & Burnham, 1980; McNamara et al, 1989) involving traditional kindling and several
classic AEDs. Wauquier and Zhou (1996) have reported on the potent anticonvulsant activity
of topiramate on a variety of kindling properties including afterdischarge properties.

Despite the demonstrated retardation of rapid kindling acquisition, topiramate-treated animals
in all age groups exhibited enhanced hippocampal excitability (as determined by ADT) and
seizure response 24 hours after kindling. This finding suggests that the increased seizure
susceptibility, which represents a hallmark of the kindling process, was not modified by
topiramate. This observation is not surprising since topiramate treatment did not completely
abolish the occurrence of full motor seizures, which are a prerequisite for the maintenance of
the kindled state (Racine, 1972). However, topiramate application to already kindled rats
(previously given vehicle only) did suppress behavioral seizures, similar to the efficacy in
kindled animals reported by others (Wauquier and Zhou, 1996; Amano et al., 1998).

In the present study, topiramate retarded kindling acquisition robustly in more mature, but not
in two-week old animals. This finding contrasts with the results seen in a status epilepticus
model where a single treatment with topiramate in postnatal day 14 rat pups early during the
course of SE completely blocked the subsequent development of spontaneous recurrent
seizures (Suchomelova et al., 2006), but the disease-modifying effect was less pronounced in
older animals (four-week old). The influence of models on the outcome of SE has been noted
by us (Sankar et al., 2000) and others (Cilio et al., 2003). Treatment with topiramate after
lithium-pilocarpine status epilepticus at postnatal day 21 (Cha et al., 2002) or after repetitive
neonatal seizures (Zhao et al., 2005) resulted in improved cognitive function as determined by
water maze performance. In the model involving perinatal hypoxia-induced seizures, Koh et
al. found both acute (2001) and chronic disease modifying (2004) results with topiramate
treatment. These findings, taken with those of Bittigau et al. (2002) and Glier et al. (2004)
which demonstrated a superior safety profile for topiramate compared to many traditional
AEDs in the immature brain, suggest that topiramate is a distinctive and important AED for
pediatric applications, limited to some extent by the lack of availability of a parenteral dosage
form for application in neonates after hypoxic-ischemic insults (Sankar and Painter, 2005).

In conclusion, topiramate did not modify ambient excitability of the hippocampus of the
immature rats. Interestingly, the inability of topiramate to modify ambient hippocampal
excitability might be a desirable property because an AED that possesses such an effect may
have a greater adverse impact on the execution of normal brain functions. Furthermore,
topiramate delayed the evolution of epileptogenesis in three- and five-week old rats, but did
not prevent the establishment of the kindled state. Finally, topiramate was effective in
suppressing acute kindled seizures. Thus, in the rapid kindling model, topiramate exhibited
age-dependent disease-modifying abilities and age-independent anticonvulsant effects.

The utility of rapid kindling as a model of “compressed” epileptogenesis remains to be validated
more completely. It is not advanced as a replacement for studies involving epileptogenesis that
follows status epilepticus. The advantages and disadvantages of kindling in immature animals
have been discussed in detail (Moshé et al., 1993) and rapid kindling overcomes one of the
major disadvantages, namely the duration involved. Our goal was to explore a method in which
candidate AEDs can be compared for antiepileptogenic activity with a more rapid throughput
than is possible with traditional kindling, and also accommodate young animals during a stage
of rapid brain growth. Rapid kindling is likely better suited to studying the early molecular and

Mazarati et al. Page 7

Epilepsia. Author manuscript; available in PMC 2008 May 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



cellular changes than the long-term circuit rearrangements seen in chronic TLE. It remains to
be demonstrated if intervention with the early molecular and cellular processes can prove a
useful strategy to minimize the long-term consequences. However, if the protocol is proven to
be adequate, it can become an excellent tool for studying antiepileptogenic/disease-modifying
effects of emerging AEDs with high throughput and efficiency. An important advantage of the
model is the ability to examine pediatric epileptogenesis without concerns about physical
growth of the brain and skull. Additionally, the model is distinctive in that it allows studying
the whole epileptogenic process from the onset to the end, within a defined ontogenic window.
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Figure 1. Experimental design
A. All animals underwent surgery, topiramate (or vehicle) treatment + rapid kindling, and
retesting over three consecutive days. Additionally, vehicle-treated kindled rats were given
topiramate after Day 3 testing and examined for their behavioral seizure response.
Abbreviations: AD- afterdischarge; TPM-topiramate. B. Examples of electrographic
recordings obtained from a five-week old control (DMSO vehicle treated) rat in response to
the threshold stimulation prior to kindling (top); during the kindling procedure (stimulus train
#37, middle), and in response to the threshold stimulation 24 hrs after kindling (bottom).
Horizontal bars on the top of each recording mark the stimulus train, and the numbers on the
top of the bars reflect the applied current. C. A representative behavioral stage 4 seizure
(indicated by rearing) in a five-week old rat. D. A cresyl violet-stained coronal section of the
brain of a five-week old rat showing the track of the stimulating electrode (arrowhead) in the
ventral hippocampus Scale bar: 500 μ.
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Figure 2. Afterdischarge (AD) properties and kindling progression in two-week old rats
A AD properties before kindling. Afterdischarge threshold (ADT) is on the left ordinate, and
duration (ADD)- is on the top right ordinate. “Before” and “After” refers to either DMSO
(Control) or topiramate treatment. B. Kindling progression. Number of stimulations and seizure
count are on the left, and EEG seizure duration is on the right ordinates. C. Electrographic and
behavioral responses 24 hours after kindling, 29 hours after topiramate treatment. ADT is on
the left, and ADD is on the top right ordinate. Behavioral seizure score is on the lower right
ordinate, shaded area. ‡- p<0.05 vs. similar parameters in the same groups before kindling
(paired Student t-test).
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Figure 3. Afterdischarge (AD) properties and kindling progression in three-week old rats
A AD properties before kindling. Afterdischarge threshold (ADT) is on the left ordinate, and
duration (ADD)- is on the right ordinate. “Before” and “After” refers to either DMSO (Control)
or topiramate treatment. B. Kindling progression. Number of stimulations and seizure count
are on the left, and EEG seizure duration is on the right ordinates.; *- p<0.05; **- p<0.01 vs.
Control (Student T-test). C. Electrographic and behavioral responses 24 hours after kindling
29 hours after topiramate treatment. ADT is on the left, and ADD is on the top right ordinate.
Behavioral seizure score is on the lower right ordinate, shaded area. ‡- p<0.05 vs. similar
parameters in the same groups before kindling (paired Student t-test).
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Figure 4. Afterdischarge (AD) properties and kindling progression in five-week old rats
A AD properties before kindling. Afterdischarge threshold (ADT) is on the left ordinate, and
duration (ADD)- is on the right ordinates. “Before” and “After” refers to either DMSO
(Control) or topiramate treatment. †-p<0.01; †† dagger;- p<0.001 vs. Before treatment (paired
Student t-test). B. Kindling progression. Number of stimulations and seizure count are on the
left, and EEG seizure duration is on the right ordinates.; *- p<0.05; **- p<0.01 vs. ***- p<0.001
Control (Student T-test). C. Electrographic and behavioral responses 24 hours after kindling
(29 hours after topiramate treatment). ADT is on the left, and ADD is on the right ordinate.
Behavioral seizure score is on the lower right ordinate, shaded area. ‡- p<0.05 vs. similar
parameters in the same groups before kindling (paired Student t-test).
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Figure 5. Effect of topiramate on kindled seizures
These data are obtained from control animals that had been treated with DMSO prior to
kindling. After detection of afterdischarge properties, the animals received topiramate (200
mg/kg i.p.), followed by test electrical stimulation with the threshold current 30 minutes after
injection. *- p<0.05, **- p<0.01, vs. before topiramate for the same age (paired Student t-test).
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Table 1
Afterdischarge properties and parameters of rapid kindling in rat pups of different ages.

Age Two-week old Three-week old Five-week old
Afterdischarge properties before kindling

Threshold, mA 1.2±0.1 1.1±0.1 1.2±0.2
Duration, s 21.5±1.7 31.5±2.9* 37.9±2.9*

Kindling parameters
Number of stimulations to the 1st stage 1 6.2±0.8 5.5±0.96 5.4±1.4
Number of stimulations to the first stage 4 21.3±2.1 17.5±2.9 12.2±1.3*
Total number of stage 4–5 seizures 19.3±2.6 24.0±3.1 26.6±1.3
EEG seizure duration, s 45.7±4.5 56.6±8.6 60.2±5.7

Responses 24 hours after kindling
Afterdischarge threshold, mA 0.7±0.1† 0.5±0.05† 0.5±0.05†
Afterdischarge duration, s 55.7±6.5† 72.5±9.0† 79.4±9.1†
Behavioral seizure score in response to the threshold stimulation 2.7±0.3 3.5±0.3 3.43±0.4
Each group included 6 animals.

*
p<0.05 vs. Two-week old animals (one-way ANOVA+Bonferroni post hoc test).

†
- p<0.05 vs. the same parameter for the same age before kindling (paired t-Student test).
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