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Abstract
Previous seizure models have demonstrated genetic differences in generalized seizure threshold
(GST) in inbred mice, but the genetic control of epileptogenesis is relatively unexplored. The present
study examined, through analysis of inbred strains of mice, whether the seizure characteristics
observed in the flurothyl kindling model are under genetic control. Eight consecutive, daily
generalized seizures were induced by flurothyl in mice from five inbred strains. Following a 28-day
rest period, mice were retested with flurothyl. The five strains of mice demonstrated inter-strain
differences in GST, decreases in GST across seizure trials, and differences in the behavioral seizure
phenotypes expressed. Since many of the seizure characteristics that we examined in the flurothyl
kindling model were dissociable between C57BL/6J and DBA/2J mice, we analyzed these strains in
detail. Unlike C57BL/6J mice, DBA/2J mice had a lower GST on trial 1, did not demonstrate a
decrease in GST across trials, nor did they show an alteration in seizure phenotype upon flurothyl
retest. Surprisingly, [C57BL/6JxDBA/2J] F1-hybrids had initial GST on trial 1 and GST decreases
across trials similar to what was found for C57BL/6J, but they did not undergo the alteration in
behavioral seizure phenotype that had been observed for C57BL/6J mice. Our data establish the
significance of the genetic background in flurothyl-induced epileptogenesis. The [C57BL/6JxDBA/
2J] F1-hybrid data demonstrate that initial GST, the decrease in GST across trials, and the change in
seizure phenotype differ from the characteristics of the parental strains, suggesting that these
phenotypes are controlled by independent genetic loci.
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Introduction
Epilepsy is one of the most common neurological diseases, affecting approximately 1 – 4% of
the total population by the age of 80 (Engel and Pedley, 1998). While many of the current
treatments for epilepsy block the symptoms of the epilepsy through seizure suppression, there
are no specific therapies that target the changes in the brain that render it hyperexcitable in the
epileptic state. The alteration in the excitability of cellular activity in the brain is known as
epileptogenesis (Schwartzkroin, et al., 2004) and has been demonstrated both in vitro and in
vivo (Dichter, 2006; Schwartzkroin, 1986; Schwartzkroin and Franck, 1986). Often these
changes in brain excitability result in alterations in seizure threshold and in seizure phenotype
(Leite, et al., 2002; McNamara, 1986; Mhyre and Applegate, 2003; Onat, et al., 2007; Wlaz,
et al., 1998). The presence of spontaneous/unprovoked seizures can occur in some experimental
models (i.e., kainate- or pilocarpine-induced epileptogenesis), but not in others (i.e., electrical
kindling)(reviewed in (Leite, et al., 2002; Sharma, et al., 2007)). Analyses in animal models
of epilepsy have led to the identification of loci controlling seizure susceptibility, but the
genetic factors controlling epileptogenesis remain uncharacterized. Therefore, elucidation of
the molecular mechanisms responsible for epileptogenesis will be important, if we are to gain
a better understanding of epilepsy, and if we are to identify new therapies that target
epileptogenesis.

Epileptic disorders are complex, quantitative traits controlled by genetic and environmental
factors. Genetic heterogeneity is evident in inbred strains of mice that demonstrate different
generalized seizure thresholds (GST) induced by seizure-inducing stimuli such as convulsant
drugs (i.e., kainic acid, pentylenetetrazol, or bicuculline) or non-pharmacological
manipulations (i.e., maximal electroshock or audiogenic seizures)(Engstrom and Woodbury,
1988; Ferraro, et al., 2002; Ferraro, et al., 2001; Ferraro, et al., 2004; Ferraro, et al., 1997;
Ferraro, et al., 1999; Ferraro, et al., 1998; Frankel, et al., 2001; Frankel, et al., 1995; Hain, et
al., 2000; Kosobud and Crabbe, 1990; Schauwecker, et al., 2004). However, no systematic
mouse studies have been performed to reveal the genetic determinants of the processes that
contribute to epileptogenesis.

One of the most popular models of epileptogenesis is electrical kindling. Electrical kindling is
defined as a process whereby repeated and focal administrations of an initially subconvulsive
electrical current, through brain electrodes, produce clonic seizures that become progressively
more severe with each trial (epileptogenesis) eventually resulting in the consistent and
permanent expression of generalized clonic-forebrain seizures (Goddard, et al., 1969;
McNamara, et al., 1993; Sutula, et al., 1986). Thus, in kindling, a reorganization of the brain
occurs, such that fully-kindled animals, when retested at a later date, show a seizure response
identical to the one that was displayed when they were last stimulated (Goddard, et al., 1969;
McNamara, et al., 1993). This indicates the presence of a sustained hyperexcitability of
neuronal activity in the kindled brain. In addition, electrically-kindled animals do not develop
spontaneous/unprovoked seizures in traditional electrical kindling paradigms; only after large
numbers (>100) of kindled seizures can spontaneous/unprovoked seizures occasionally be
observed (Lothman, et al., 1992; Michalakis, et al., 1998; Pinel and Rovner, 1978; Pinel and
Rovner, 1978; Sharma, et al., 2007). However, electrical kindling is not amenable to high-
throughput genetic studies of epileptogenesis, since it requires surgical implantation of
electrodes. As an alternative, the flurothyl kindling model is a non-invasive protocol that allows
the examination of baseline GST and epileptogenic processes.

The flurothyl kindling model was previously characterized in C57BL/6J mice that received
daily exposures to a 10% flurothyl solution over eight days. These exposures resulted in the
expression of generalized clonic-forebrain seizures (Ferland and Applegate, 1998; Ferland and
Applegate, 1998; Samoriski and Applegate, 1997; Samoriski, et al., 1998). Over the course of
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the 8-day induction period, the GST of C57BL/6J mice decreased and then plateaued. When
the mice were retested after a 28-day rest period, flurothyl exposure produced a GST equal to
the plateaued level. Upon this flurothyl re-exposure, C57BL/6J mice displayed a change in the
behavioral seizure phenotype expressed, from a generalized clonic-forebrain seizure (as
observed in the induction-phase) to a generalized clonic-forebrain seizure that rapidly
progressed into a generalized brainstem seizure (another epileptogenic process, hereafter
referred to as a forebrain→brainstem seizure)(Applegate, et al., 1997; Ferland and Applegate,
1998; Ferland and Applegate, 1998; Samoriski and Applegate, 1997; Samoriski, et al., 1998).
These experiments demonstrated the occurrence of epileptogenic processes in the flurothyl
kindling model: decreases in GST over trials (kindling) and a change in seizure phenotype.

One major epileptogenic process, observed in the flurothyl kindling model, is a kindling of
GST due to repeated seizure stimulation (Applegate, et al., 1997; Ferland and Applegate,
1998; Ferland and Applegate, 1998; Samoriski and Applegate, 1997; Samoriski, et al., 1998).
This permanent decrease in GST is one of the hallmarks of classical kindling (Barnes and Pinel,
2001). Although the stimulation in the flurothyl kindling model is not subconvulsive, Ferland
and Applegate (1999) demonstrated bidirectional transfer of kindling between the flurothyl
kindling model and classical electrical kindling in C57BL/6J mice. That is, after 8 flurothyl-
induced seizures, the rate of electrical kindling was increased. Similarly, when animals were
first electrically kindled, increases in flurothyl-induced seizure susceptibility were seen.
Importantly, mice that were electrically kindled, given a 28-day rest period, and exposed to
one (first) trial with flurothyl, demonstrated the same change in seizure phenotype to
forebrain→brainstem seizures (Ferland and Applegate, 1999). Overall, these results illustrated
that the decreases in GST and change in seizure phenotype were independent of the method of
seizure induction, and further supports the idea that animals in the flurothyl kindling model
undergo epileptogenic processes (Ferland and Applegate, 1999).

In the current study, we examine the seizure characteristics of C57BL/6J, DBA/2J, 129S1/
SvImJ, BALB/cJ, and C3H/HeJ strains of mice in the flurothyl kindling model. Differences in
behavioral seizure characteristics in the flurothyl kindling model were most pronounced
between C57BL/6J and DBA/2J mice; therefore, we focused on those two strains for detailed
comparisons. C57BL/6J mice had a high initial GST, demonstrated a decrease in GST across
trials, and showed an alteration in seizure phenotype following flurothyl retest. Conversely,
DBA/2J mice had a lower initial GST, did not demonstrate a decrease in GST across trials, and
did not show an alteration in seizure phenotype upon flurothyl retest. [C57BL/6J x DBA/2J]
F1 hybrid mice were similar to C57BL/6J mice, with respect to initial GST and decreases of
GST across 8 trials (kindling), but they did not undergo the alteration in behavioral seizure
phenotype that was observed in C57BL/6J mice. Our results suggest genetic dissociation of
epileptogenic characteristics observed in the flurothyl kindling model.

Materials and methods
Animals

Adult male DBA/2J (n = 28), C57BL/6J (n = 28), [C57BL/6J x DBA/2J] F1 hybrid (n = 28),
129S1/SvImJ (n = 12), BALB/cJ (n = 10), and C3H/HeJ (n = 10) mice (7 weeks of age) were
used to examine genetic differences in the flurothyl kindling model using the standard 10%-
flurothyl concentration (Applegate, et al., 1997; Ferland and Applegate, 1999; Samoriski and
Applegate, 1997). Additional adult male DBA/2J (n = 10), C57BL/6J (n = 10), and 129S1/
SvImJ (n = 10) mice (7 weeks of age) were used to test flurothyl at a lower concentration (5%
flurothyl) in the flurothyl kindling model. Lastly, DBA/2J (n = 10) and C57BL/6J (n = 10)
mice (12 weeks of age) were used to test whether age had an effect on the change in seizure
phenotype that is observed in the flurothyl kindling model. All mice were obtained from the
Jackson Laboratories (Bar Harbor, ME, USA).
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All mice were acclimated to the housing facilities for at least 1 week prior to seizure testing.
Mice were maintained on a normal 12 hour light-dark cycle with lights on at 6:00 AM, with
unlimited access to food and water. All testing occurred between 7:00 AM and 12:00 PM. All
testing was performed under approval of the Institutional Animal Care and Use Committees
of both Rensselaer Polytechnic Institute and the Wadsworth Center (NY State Department of
Health), in accordance with The National Institutes of Health Guide for the Care and Use of
Laboratory Animals.

Experimental Design
Mice (7 weeks of age) were allowed to acclimate to the testing room for at least 30 minutes
before testing commenced. All seizure testing was performed in the same room, under the same
chemical rated fume hood, throughout the experiment. Mice were each placed into a 2.4 liter
closed Plexiglas chamber. A 10% (or 5%) flurothyl solution (Bis(2,2,2-trifluoroethyl) ether;
Sigma Aldrich, St. Louis, MO, USA) made in 95% ethanol was infused into the chamber at a
rate of 100 μl/min, using a 20-ml B-D Multifit syringe attached to a syringe pump. Flurothyl
was dripped onto a gauze pad that was suspended inside the upper part of the chamber; it
quickly evaporated inside the enclosed chamber, exposing the animal to the flurothyl vapors.
One mouse at a time was placed in the chamber containing a dry, unused gauze pad. Once the
top of the chamber was secured, flurothyl exposure began. The generalized seizure threshold
was determined as the time at which the animal fell to one side, losing its posture. All strains
tested demonstrated a loss of posture that was occasionally and immediately preceded by
rearing and bilateral forelimb clonus. Most animals, upon regaining postural control, reared
and had bilateral forelimb clonus. If brainstem seizures were observed, they were always
following a clonic-forebrain seizure. This is denoted by the fact that such seizures are referred
to as forebrain→brainstem seizures. At the start of the generalized forebrain seizure (which
again was usually loss of postural control), the top of the chamber was removed, exposing the
mouse to room air. Once an animal had recovered, it was placed in a separate cage from the
untested animals. All animals were returned to their home cages and placed back in the colony
at the completion of each day of seizure testing. The latency to the loss of postural control, the
time to regain posture, the duration of the seizure (calculated as the time from the start of the
generalized seizure to the time when the animal regained its posture and stopped showing
clonus of the limbs), and the type of seizure were recorded.

The behavioral seizures were graded according to a number classification scheme (Applegate,
et al., 1997; Samoriski and Applegate, 1997): Grade 1 (clonic/forebrain) - a loss of posture,
clonus of hindlimbs and/or forelimbs, and facial clonus including chewing; Grade 2 (clonic/
forebrain) - grade 1 and low intensity bouncing; Grade 3 (brainstem) - grade 2 and wild running
and hopping; Grade 4 (brainstem) - grade 3 and hindlimb and/or forelimb treading; Grade 5
(tonic/brainstem) -grade 4 and bilateral tonic extension of the forelimbs; Grade 6 (tonic/
brainstem) - grade 5 and bilateral extension of the hindlimbs; and Grade 7 (tonic/brainstem) -
grade 6 followed by death. Grades 1 and 2 seizures were categorized as clonic-forebrain
seizures whereas Grades 3–7 seizures were categorized as forebrain→brainstem seizures
(Samoriski, et al., 1997; Samoriski, et al., 1998).

The exposure procedure for induction of seizures was repeated once daily over 8 consecutive
days (induction-phase). Mice were then given a 28-day rest period (incubation-phase), in which
they remained in their home cages with no further seizure induction. Following the incubation-
phase, mice were re-exposed to flurothyl (retest) for 1 trial, and the seizure parameters were
again recorded.

To examine whether the change in behavioral seizure phenotype was due to developmental
(age) factors, we exposed 12-week old DBA/2J and C57BL/6J mice (n = 10 per strain) to a
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single flurothyl trial (using a 10% flurothyl solution). Twelve weeks corresponds to the age at
which the animals in the full flurothyl kindling model were retested with flurothyl.

Statistical analysis
One-way analyses of variance (ANOVA), followed by Tukey Honest Significant Difference
(HSD) post hoc comparisons, were used to assess differences in generalized seizure thresholds
on trial 1 of the induction-phase of the flurothyl kindling model. Repeated measures ANOVA,
followed by Tukey HSD post hoc comparisons, were used to assess changes in generalized
seizure thresholds (kindling) and seizure durations observed during the flurothyl induction
period (across the 8 trials). Student’s t-tests were employed to examine differences in seizure
characteristics between trial 8 of the induction-phase and the retest that followed the 28-day
rest. Evaluation of differences (%) in the numbers of mice exhibiting clonic-forebrain seizures
and the numbers exhibiting forebrain→brainstem seizures, after flurothyl exposure, employed
Fisher Exact analyses. All statistical analyses were conducted with the Statistica software
package (StatSoft, Tulsa, OK).

Results
To examine the genetic effects on various phenotypic characteristics in the flurothyl paradigm,
we evaluated several inbred strains of mice (C57BL/6J, 129S1/SvImJ, C3H/HeJ, BALB/cJ,
and DBA/2J). Since many of the seizure characteristics examined in the flurothyl paradigm
were found to be dissociable between C57BL/6J and DBA/2J mice, we tested [C57BL/6J x
DBA/2J] F1 hybrid mice in the flurothyl kindling model.

Inbred Strain Variability in Initial (Trial 1) Generalized Seizure Threshold with 10% Flurothyl
A generalized seizure was defined to start at the moment when a mouse fell on its side, losing
its posture, which occasionally was immediately preceded by rearing and forelimb clonus
(Applegate, et al., 1997; Samoriski and Applegate, 1997). We recorded the latency to
generalized seizures on trial 1 of the flurothyl induction-phase to determine differences in the
susceptibility to flurothyl-induced seizures among inbred strains of mice (Table 1). In the
flurothyl kindling model, the latency to a generalized seizure is considered the generalized
seizure threshold (GST)(Samoriski and Applegate, 1997). There were significant differences
in the generalized seizure latency among C3H/HeJ, BALB/cJ, C57BL/6J, 129S1/SvImJ, and
DBA/2J mice on the first exposure to flurothyl (Table 1; F4,77 = 20.41, P < 0.000001). There
were no significant differences in initial GST between C3H/HeJ, BALB/cJ, and C57BL/6J
mice. Of the five strains, DBA/2J mice were most sensitive to seizures induced by flurothyl,
with the lowest GST (shortest latency to the expression of a generalized seizure)(Table 1; P <
0.02; Tukey HSD).

Inbred Strain Variability on Decreases in Generalized Seizure Threshold (Kindling) with 10%
Flurothyl

C57BL/6J, C3H/HeJ, and BALB/cJ mice had a different GST profile across flurothyl seizure
trials than did the DBA/2J and 129S1/SvImJ strains (Fig. 1). Both C57BL/6J and BALB/cJ
strains demonstrated significant decreases in generalized clonic-forebrain seizure threshold
across seizure trials (C57BL/6J: F7,168 = 66.61, P < 0.0001; BALB/cJ: F7,56 = 5.82, P <
0.0001), an effect currently referred to as kindling (Fig. 1). However, kindling developed after
multiple trials in BALB/cJ mice, whereas C57BL/6J mice kindled following trial 1 (Fig. 1).
C3H/HeJ mice demonstrated a trend towards kindling, but it did not attain statistical
significance (F7,28 = 1.88, P = 0.11). Since more than half of the C3H/HeJ mice had lethal
forebrain→brainstem seizures during the induction-phase (Table 2), their ability to kindle
could not be accurately determined. Also, the presence or absence of kindling could not be
confirmed in 129S1/SvImJ mice, since mice in this strain had lethal forebrain→brainstem
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seizures between trials 1 to 5 of the induction-phase (Table 2). Few animals remained on trials
4 and 5 of the induction-phase (Fig. 1; Table 2). Interestingly, the DBA/2J strain of mice did
not kindle (Fig. 1: F7,168 = 1.52, not significant), suggesting an impairment in this hallmark of
epileptogenesis in this strain in the flurothyl kindling model.

Variability on Decreases in Generalized Seizure Threshold (Kindling) with 5% Flurothyl
The lack of kindling in DBA/2J mice could be due to a floor effect if the 10% flurothyl
concentration used was too high to permit decreased latencies to be discerned over the course
of the induction period. Additionally, the lethality in 129S1/SvImJ mice during the induction-
phase could have resulted from the 10% flurothyl concentration rapidly overcoming their
brainstem seizure thresholds. To test these hypotheses, we exposed C57BL/6J, 129S1/SvImJ
and DBA/2J mice to the same flurothyl paradigm, but with a concentration of flurothyl only
half as high (5%) (Fig. 2). With the 5% concentration of flurothyl, the GSTs of DBA/2J,
C57BL/6J, and 129S1/SvmJ mice were higher than the GSTs of the same strains of mice tested
at the 10% flurothyl concentration. However, DBA/2J mice still failed to kindle across trials
in the flurothyl paradigm (Fig. 2: F7,56 = 1.12, not significant). The 129S1/SvImJ mice were
able to kindle (F7,35 = 10.41, P < 0.0001), and at the lower concentration over half of the 129S1/
SvImJ mice were able to survive throughout the induction-phase. C57BL/6J mice were able
to kindle even at the lower concentration of flurothyl (Fig. 2: F7,35 = 25.58, P < 0.0001).

Inbred Strain Variability on Induction-phase Seizure Expression with 5% or 10% Flurothyl
During the 8 trial flurothyl induction-phase, both C57BL/6J and DBA/2J mice always
expressed generalized clonic-forebrain seizures upon exposure to flurothyl, at either a 5% or
10% flurothyl concentration. However, BALB/cJ, C3H/HeJ, and 129S1/SvImJ mice often had
forebrain→brainstem seizures on some trials, intermixed with clonic-forebrain seizures on
other trials, during the 10% flurothyl induction-phase (Table 2). Specifically, one BALB/cJ
mouse (10%) and five C3H/HeJ mice (50%) had lethal forebrain→brainstem seizures during
the induction-phase (Table 2). In addition, all 129S1/SvImJ mice had lethal
forebrain→brainstem seizures by day 5 of the flurothyl (10%) induction-phase (Table 2). With
5% flurothyl, four 129S1/SvImJ mice died during the induction-phase from lethal
forebrain→brainstem seizures (data not shown).

In both BALB/cJ and C3H/HeJ mice, animals tended to have fewer forebrain→brainstem
seizures as the number of flurothyl exposures increased, suggesting alterations in the balance
between the forebrain and brainstem seizure thresholds with repeated seizures and time (Table
2). This pattern was also observed in 129S1/SvImJ mice exposed to the flurothyl kindling
model using 5% flurothyl (data not shown). Overall, the seizure expression phenotypic data
from BALB/cJ, C3H/HeJ, and 129S1/SvImJ mice suggest strain-specific sensitivities to
flurothyl-induced forebrain→brainstem seizure expression during the induction-phase.

Inbred Strain Variability on the Alteration in Behavioral Seizure Phenotype in Response to
Flurothyl (10%) Retest

Following the eighth induction trial and the 28-day incubation-phase, a significant percentage
of C57BL/6J mice (75%; P < 0.0001; Fisher Exact) displayed an alteration in behavioral seizure
phenotype upon flurothyl retest: from a generalized clonic-forebrain seizure to a
forebrain→brainstem seizure. This alteration in seizure phenotype upon retest occurred, while
this strain maintained a GST consistent with the trial 8 GST (Fig. 1). None of the other strains
experienced this change in seizure phenotype on retest, even though some of these strains
tended to have forebrain→brainstem seizures during the early trials of the induction-phase
(Table 2). C3H/HeJ and BALB/cJ mice maintained the GST, upon flurothyl retest, that was
measured following the last flurothyl seizure of the induction-phase (trial 8) (Fig. 1). However,
DBA/2J mice tended to have a decreased GST following flurothyl retest, as compared to the
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last trial in the induction-phase (t39 = 2.5, P < 0.02) (Fig. 1). Given that none of the DBA/2J,
C3H/HeJ, and BALB/cJ mice had a forebrain→brainstem seizure upon flurothyl retest, these
strains clearly did not undergo an alteration in behavioral seizure phenotype.

Variability on the Alteration in Behavioral Seizure Phenotype in Response to Flurothyl (5%)
Retest

Exposure of the C57BL/6J, 129S1/SvImJ and DBA/2J strains to the flurothyl paradigm at the
lower concentration of flurothyl (5%), gave results similar to those found for the 10%
concentration. C57BL/6J mice showed an alteration in seizure phenotype from 0% expressing
forebrain→brainstem seizures, during the induction-phase, to 60% expressing
forebrain→brainstem seizures upon flurothyl retest. No DBA/2J mice or any of the remaining
129S1/SvImJ mice (6 of the original 10) displayed this change in seizure phenotype (data not
shown). Moreover, for 5% flurothyl, C57BL/6J and DBA/2J mice maintained the trial 8 GST
upon retest (Fig. 2), but the surviving 129S1/SvImJ mice showed a drop in their GST on retest
(t10 = 2.9, P < 0.02) (Fig. 2).

The Change in Behavioral Seizure Phenotype in Response to Flurothyl Retest is not due to
Aging

To rule out any age related effects on this change in seizure phenotype, we administered a
single flurothyl trial to C57BL/6J and DBA/2J mice at 12 weeks of age (the age of animals
that have completed the flurothyl induction-phase, 28-day incubation, and flurothyl retest,
when started at 7 weeks of age). Twelve week-old mice and 7 week-old mice of a given strain
had indistinguishable GSTs, following one exposure to flurothyl. Again, in the 1 trial
experiment, C57BL/6J mice had a high GST, and DBA/2J mice exemplified a low GST (data
not shown). Both strains expressed clonic-forebrain seizures in the 1 trial experiment.
Therefore, unlike the C57BL/6J mice in the full flurothyl kindling model (8 trials and retest),
which typically displayed forebrain→brainstem seizures in the retest, the single flurothyl-trial
C57BL/6J mice at 12 weeks of age expressed clonic-forebrain seizures.

Initial (Trial 1) Generalized Seizure Threshold in [C57BL/6J x DBA/2J] F1 Hybrid Mice
In comparing the five inbred strains of mice in the flurothyl kindling model, we determined
that three seizure traits were dissociable between C57BL/6J and DBA/2J mice. DBA/2J mice
had a lower GST on trial 1 than did C57BL/6J mice; they did not demonstrate the kindling
effect, nor did they have an alteration in seizure phenotype upon flurothyl retest.

Previous work in other epilepsy models has demonstrated complex genetic control over seizure
susceptibility between C57BL/6J and DBA/2J mice, with [C57BL/6J x DBA/2J] F1 hybrid
mice showing intermediate seizure susceptibilities (Ferraro, et al., 1997; Ferraro, et al., 1999;
Ferraro, et al., 1998). We examined the seizure characteristics of [C57BL/6J x DBA/2J] F1
hybrid mice to determine whether the hybrid is similarly intermediate in the flurothyl kindling
model.

A significant difference in the initial GST (trial 1) (F2,73 = 47.2, P < 0.0001) was observed
among C57BL/6J, DBA/2J, and [C57BL/6J x DBA/2J] F1 hybrid mice (Table 1). However,
the [C57BL/6J x DBA/2J] F1 hybrid mice demonstrated an intermediate resistance to a
generalized clonic-forebrain seizure on trial 1 of the induction-phase that was closer to the
value for C57BL/6J mice (P < 0.008; Tukey HSD) than that for DBA/2J mice (P < 0.0001;
Tukey HSD).
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[C57BL/6J x DBA/2J] F1 Hybrid Mice Show Decreases in the Generalized Seizure Threshold
across Flurothyl Trials (Kindling)

Direct and detailed comparison of C57BL/6J and DBA/2J mice demonstrated that the
difference in flurothyl kindling was significant between these two groups (F1,48 = 31.6, P <
0.0001) and across seizure trials (F7,336 = 31.0, P < 0.0001); there was also a significant group
by trial interaction (F7,336 = 29.9, P < 0.0001). Specifically, flurothyl trials 1–3 were
significantly different between the C57BL/6J and DBA/2J strains (trial 1: P < 0.0002; trial 2:
P < 0.0002; trial 3: P < 0.002; Tukey HSD). The remaining trials were not significantly
different, with the GSTs of C57BL/6J mice decreasing to levels comparable to those of DBA/
2J mice, except for trial 6, in which the C57BL/6J mice had a lower latency to a generalized
seizure than did the DBA/2J mice (P < 0.002; Tukey HSD)(Fig. 3; for ease of comparison, we
have re-plotted the original parental strains on this graph).

Similar to C57BL/6J mice, the [C57BL/6J x DBA/2J] F1 hybrid mice demonstrated significant
decreases in GST (kindling) in response to repeated 10% flurothyl exposures (F7,175 = 19.5,
P < 0.0001)(Fig. 3), whereas DBA/2J mice failed to kindle when exposed to either 5% or 10%
flurothyl (Figs. 1 & 2). Direct pair-wise comparisons of C57BL/6J and DBA/2J mice with
[C57BL/6J x DBA/2J] F1 hybrid mice demonstrated that the differences in flurothyl kindling
was significant among these groups (F2,73 = 47.9, P < 0.0001) and between trials (F7,511 =
48.6, P < 0.0001); there was also a significant group by trial interaction (F14,511 = 15.8, P <
0.0001). Specifically, flurothyl trials 1–4 were significantly different between DBA/2J mice
and [C57BL/6J x DBA/2J] F1 hybrid mice (P < 0.0002; Tukey HSD); trials 1 and 4–6 were
significantly different between C57BL/6J mice and [C57BL/6J x DBA/2J] F1 hybrid mice
(P < 0.008; Tukey HSD). Overall, these results suggest that flurothyl kindling in [C57BL/6J
x DBA/2J] F1 hybrid mice is most similar to flurothyl kindling in the C57BL/6J parental line.

The Change in Seizure Phenotype upon Flurothyl Retest does not occur in [C57BL/6J x DBA/
2J] F1 Hybrid Mice

Throughout the flurothyl induction-phase [C57BL/6J x DBA/2J] F1 hybrids showed clonic-
forebrain seizure expression, similar to the parental strains. Following the 28-day rest period
and flurothyl retest, none of the [C57BL/6J x DBA/2J] F1 hybrid mice had a
forebrain→brainstem seizure. Thus, their behavioral seizure phenotype differed from that of
C57BL/6J mice, and was most similar to the DBA/2J parental strain. The [C57BL/6J x DBA/
2J] F1 hybrid mice, upon flurothyl retest, had a GST that was similar to this hybrid strain’s
GST from the last trial of the flurothyl induction-phase (trial 8: t47 = 0.9, not significant)(Fig.
3). As a whole, these data suggest that the hybrid strain’s change in behavioral seizure
phenotype observed following flurothyl retest is dissociable from the kindling phenotype, and
that this alteration in seizure phenotype is most similar to the behavioral seizure phenotype of
the DBA/2J parental strain.

The Effects of Inbred Strain Variability on the Duration of the Generalized Seizure Threshold
Since variations in seizure duration could potentially have accounted for the differences
between mouse strains, we analyzed whether the total duration of the seizures changed across
the flurothyl regimen (8 trials and retest) in C57BL/6J, DBA/2J, and [C57BL/6J x DBA/2J]
F1 hybrid mice (Fig. 4). Seizure durations for all three groups of mice were not statistically
different across the eight flurothyl induction-phase trials (strains: [F2,71 = 1.9, not significant];
trials [F7,497 = 0.6, not significant]; strain by trial interaction [F14,497 = 1.6, not significant]).
Significant differences in seizure duration were only observed following flurothyl retest:
C57BL/6J mice had the longest seizure duration, and [C57BL/6J x DBA/2J] F1 hybrid mice
had the shortest seizure duration (F2,56 = 22.2, P < 0.0001). DBA/2J mice had intermediate
seizure durations. Moreover, comparisons of the retest seizure duration with the trial-8 seizure
duration indicated that C57BL/6J (t43 = 9.2, P < 0.0001), DBA/2J (t39 = 6.5, P < 0.0001), and
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[C57BL/6J x DBA/2J] F1 hybrid (t47 = 2.7, P < 0.01) mice had significantly longer seizures
on retest. However, the major difference in seizure duration was related to the type of seizure
expressed: C57BL/6J mice, which had forebrain→brainstem seizures upon retest had seizures
that were longer than those of mice having clonic-forebrain seizures (i.e., DBA/2J and [C57BL/
6J x DBA/2J] F1 hybrid mice).

Discussion
Differences in seizure threshold among inbred strains of mice have been established using a
variety of seizure-inducing stimuli (Engstrom and Woodbury, 1988; Ferraro, et al., 2002;
Ferraro, et al., 2001; Ferraro, et al., 2004; Ferraro, et al., 1997; Ferraro, et al., 1999; Ferraro,
et al., 1998; Frankel, et al., 2001; Frankel, et al., 1995; Hain, et al., 2000; Kosobud and Crabbe,
1990; Schauwecker, et al., 2004). Using the flurothyl kindling model, we have found
differences in seizure susceptibility and epileptogenic characteristics among five inbred mouse
strains. We examined susceptibility to seizures, decreases in generalized seizure threshold
(GST) over repeated trials (an assessment of epileptogenesis), and alterations (if any) in
behavioral seizure phenotype (an evaluation of epileptogenesis/plasticity). Overall, we found
significant differences in these seizure characteristics among the five inbred strains studied;
however, we focused on the C57BL/6J and DBA/2J strains, and on [C57BL/6J x DBA/2J] F1
hybrids, since the seizure characteristics of the two parental strains had been found to be the
most interesting with respect to phenotype dissociation. For the [C57BL/6J x DBA/2J] F1
hybrid mice, the initial GST was between that of C57BL/6J and DBA/2J mice; however, it was
closer to the C57BL/6J strain. The overall decrease in GST across flurothyl trials (kindling)
was seen in both C57BL/6J and [C57BL/6J x DBA/2J] F1 hybrid mice, suggesting that the
genetic contributions from C57BL/6J are dominant for seizure susceptibility and kindling. In
contrast, [C57BL/6J x DBA/2J] F1 hybrids did not have a change in seizure phenotype upon
flurothyl retest at 28-days, which is characteristic of the DBA/2J strain. The two discrepant
patterns suggest that these traits are under distinct genetic control from dominant alleles from
the DBA/2J background and from the C57BL/6J background; however, further genetic
experiments must be conducted to prove or disprove this hypothesis. Overall, the results of the
current study suggest dissociation between epileptogenic characteristics observed in the
flurothyl kindling model.

Given that our model requires the animal to inhale the convulsant, it is possible that the
respiration or expiration of flurothyl could impact the strain effect in our system. However,
strain differences in lung function have been previously determined in BALB/cJ, C3H/HeJ,
C57BL/6J, 129S1/SvImJ and DBA/2J mice (Anh, et al., 2006). Importantly, there is no
correlation between initial GST measurements and respiratory rate, tidal volume, minute
volume, or expiratory duration. Furthermore, no correlations with our GST data and
cardiovascular function were observed in the mouse phenome database
(http://phenome.jax.org).

On trial 1 of the flurothyl kindling model, C3H/HeJ, BALB/cJ, and C57BL/6J mice had the
highest GSTs, while the DBA/2J strain had the lowest GST. The initial GST of 129S1/SvImJ
mice was intermediate. These results illustrated the range in baseline seizure susceptibility
among inbred strains of mice, as has been noted in previous studies that used different seizure-
inducing stimuli (Engstrom and Woodbury, 1988; Ferraro, et al., 1997; Ferraro, et al., 1998;
Frankel, et al., 2001).

BALB/cJ and C57BL/6J mice exhibited a kindling effect on trials 1–8 of the induction-phase
as evidenced by an overall significant decrease in GST across flurothyl trials. C3H/HeJ mice
did not display a significant decrease in GST; however, they did show a trend of decreasing
GST over trials 1–8 of the induction-phase. DBA/2J mice were the only strain examined that
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did not exhibit a decreasing GST. The lack of perceptible kindling in DBA/2J mice was due
either to an inability to kindle in response to flurothyl, or to a possible floor effect for GST in
mice. The seizure assay conducted at a lower (5%) concentration of flurothyl produced higher
baseline latencies to generalized seizure expression in DBA/2J mice, comparable to the GST
of C57BL/6J mice at 10% flurothyl exposure. Even with increased latencies to generalized
seizure expression, however, DBA/2J mice were unable to kindle; thus, we eliminated the
possibility of a floor effect. An inability to kindle during the induction-phase suggests that
perhaps the brains of DBA/2J mice have less plasticity than do the brains of the other strains
examined (Bampton, et al., 1999; Grice, et al., 2007; Jones, et al., 2001; McIntyre, et al.,
2002; Middei, et al., 2007; Morimoto, et al., 2004; Restivo, et al., 2006; Schubert, et al.,
2005; Yeh, et al., 1989). As a whole, our data suggest that a genetic heterogeneity, which
mediates flurothyl kindling, exists among inbred strains. It would be of interest to determine
inbred strain variability with corneal kindling to assess the presence or absence of kindling in
this model (Potschka and Loscher, 1999; Wlaz, et al., 1998).

C57BL/6J and DBA/2J mice had clonic-forebrain seizures throughout the flurothyl induction-
phase, whereas BALB/cJ and C3H/HeJ mice had a mixture of clonic-forebrain and
forebrain→brainstem seizures on the early trials of the induction-phase, and strictly clonic-
forebrain seizures on the later induction trials. The occurrence of forebrain→brainstem seizures
early in the induction phase could be due to a differential imbalance in the forebrain seizure
system threshold and the brainstem seizure system threshold in BALB/cJ and C3H/HeJ mice
as compared to C57BL/6J and DBA/2J mice. C57BL/6J and DBA/2J mice have solely clonic-
forebrain seizures throughout the induction phase suggesting that in these strains, the forebrain
seizure system threshold is lower than the brainstem seizure system threshold. However, it
appears early in the induction phase, BALB/cJ and C3H/HeJ mice tend to have a forebrain
seizure system threshold that is similar to the brainstem seizure system threshold, thereby
accounting for the expression of forebrain→brainstem seizures in these strains. Interestingly,
as the BALB/cJ and C3H/HeJ animals continue to receive flurothyl-induced seizures, these
strains eventually express solely clonic-forebrain seizures on later induction-phase trials. This
result suggests that these additional flurothyl trials could either be increasing the brainstem
seizure system threshold or more likely decreasing the forebrain seizure system threshold
(Coffey, et al., 1996; Hirsch, et al., 1997), which would explain the occurrence of only clonic-
forebrain seizures on later trials of the flurothyl kindling model in BALB/cJ and C3H/HeJ
mice. As compared to the BALB/cJ and C3H/HeJ mice, 129S1/SvlmJ mice, using 5% flurothyl,
also had intermixed clonic-forebrain and forebrain→brainstem seizures, possibly due to similar
forebrain/brainstem seizure system threshold changes (Coffey, et al., 1996; Frankel, et al.,
2001; Fuller, 1985; Hirsch, et al., 1997; Kriscenski-Perry, et al., 2002). While the genetic
mechanisms underlying brainstem seizure thresholds in inbred strains are relatively
unexplored, our results suggest genetic control over the brainstem seizure system threshold.
The 129S1/SvImJ, BALB/cJ, and C3H/HeJ strains could be useful in the mapping of
quantitative trait loci (QTL) responsible for production of these lower brainstem seizure
thresholds.

Flurothyl retest, after a 28-day rest period, resulted in a change in behavioral seizure phenotype
from a generalized clonic-forebrain seizure to a forebrain→brainstem seizure in C57BL/6J
mice. Although the change in seizure phenotype was dramatic, the retest GST was maintained
at a value matching the GST of trial 8 of the induction-phase. Surprisingly, none of the other
strains showed an alteration in seizure phenotype upon flurothyl retest, including the strains
that had forebrain→brainstem seizures early in the flurothyl induction-phase. These results
indicate the occurrence of a change in the brain, during the course of the flurothyl regimen in
C57BL/6J mice, resulting in an increased susceptibility specifically to forebrain→brainstem
seizures upon flurothyl retest (Goddard, et al., 1969; Mason and Cooper, 1972). Ferland and
Applegate (1998) showed that C57BL/6J mice, examined in the flurothyl kindling model, had
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a decrease in brainstem seizure threshold in the post-induction phase, as assessed by minimal
corneal electroconvulsive shock that correlated with the increased occurrence of
forebrain→brainstem seizures. The decrease in brainstem seizure threshold in C57BL/6J mice
could be contributing to the behavioral seizure phenotype change observed upon retest (Cain,
1980; Chiba and Wada, 1995; Ferland and Applegate, 1998; Omori, et al., 2001). It would be
of interest to measure the brainstem seizure thresholds of DBA/2J, BALB/cJ, and C3H/HeJ
mice that do not have a change in seizure phenotype upon flurothyl retest, to determine whether
or not a change in brainstem seizure threshold correlates with the presence or absence of the
change in seizure phenotype. If the change in seizure phenotype after flurothyl kindling and
incubation is mediated solely by a change in the brainstem seizure threshold, then one might
predict that DBA/2J, BALB/cJ, and C3H/HeJ mice would not have lowered brainstem seizure
thresholds. However, if DBA/2J, BALB/cJ, and C3H/HeJ mice did have lower brainstem
thresholds following flurothyl kindling and incubation, then this would suggest an alternative
mechanism for the change in seizure phenotype observed in the flurothyl kindling model with
C57BL/6J mice.

Previous research has suggested that the ventromedial nucleus of the hypothalamus (VMH)
has a fundamental role in the forebrain→brainstem seizure change. Immunohistochemistry for
c-Fos, a neuronal activation marker, demonstrated that bilateral VMH activation only occurred
in animals having the change in seizure phenotype (Samoriski, et al., 1997). Also, bilateral
lesions of the VMH prevented the change in seizure phenotype in C57BL/6J mice (Ferland
and Applegate, 1998), indicating a critical role of the VMH in the change in seizure phenotype
observed in the flurothyl kindling model.

Our results from [C57BL/6J x DBA/2J] F1 hybrid mice indicate genetic dissociations of certain
seizure characteristics in the flurothyl kindling model. The initial GST in [C57BL/6J x DBA/
2J] F1 hybrids appeared closest to the GST in C57BL/6J mice. Similarly, the overall kindling
of GST appeared to be influenced by C57BL/6J genes; like the C57BL/6J parent, [C57BL/6J
x DBA/2J] F1 hybrids did exhibit kindling. It is interesting to note that on later induction trials,
the GST was higher in [C57BL/6J x DBA/2J] F1 hybrid mice than both parental strains. Since
the seizure characteristics observed in the flurothyl kindling model are likely complex
quantitative traits, the differences noted in flurothyl kindling in the [C57BL/6J x DBA/2J] F1
hybrid mice could be due to multiple seizure resistance genes acquired from both parental
strains. Thus, the initial GST observed with 10% flurothyl in C57BL/6J, DBA/2J, and [C57BL/
6J x DBA/2J] F1 hybrid mice is similar to the GST seen in other seizure susceptibility models;
models that have been proposed to be due to multiple genetic effects (Engstrom and Woodbury,
1988; Ferraro, et al., 2002; Ferraro, et al., 2001; Ferraro, et al., 2004; Ferraro, et al., 1997;
Ferraro, et al., 1999; Ferraro, et al., 1998; Frankel, et al., 2001; Frankel, et al., 1995; Hain, et
al., 2000; Kosobud and Crabbe, 1990; Schauwecker, et al., 2004).

Surprisingly, C57BL/6J’s alteration in seizure phenotype on retest, from a clonic-forebrain
seizure phenotype to a forebrain→brainstem seizure phenotype, was not observed in the
[C57BL/6J x DBA/2J] F1 hybrid mice. In this respect, then, the hybrid resembled DBA/2J
mice instead. Seizure durations were similar between C57BL/6J, DBA/2J, and [C57BL/6J x
DBA/2J] F1 hybrid mice, with the exception of C57BL/6J mice having significantly longer
seizure durations upon retest. This was expected, since C57BL/6J mice had
forebrain→brainstem seizures, and therefore had a longer recovery to regain posture. Although
DBA/2J and [C57BL/6J x DBA/2J] F1 hybrid mice differed in seizure duration upon retest,
their seizure phenotype was the same, having clonic-forebrain seizures. Overall, these results
indicate that the trait of resistance to seizure propagation from the forebrain circuitry to the
brainstem circuitry is dissociable from the traits of GST and kindling in [C57BL/6J x DBA/
2J] F1 hybrid mice. Moreover, the fact that the [C57BL/6J x DBA/2J] F1 hybrid does not show
an altered behavioral seizure phenotype upon retest suggests that genetic loci present in the
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DBA/2J genome or the lack of such loci from the C57BL/6J genome affect neuronal plasticity,
such that the propagation of seizure discharge from the forebrain seizure system to the
brainstem seizure system is altered.

To rule out age related effects on the change in seizure phenotype, we gave one flurothyl trial
to 12 week old C57BL/6J and DBA/2J mice. These mice responded to flurothyl similarly to 7
week-old mice on trial 1 of the full flurothyl regimen; C57BL/6J mice displayed a high GST,
and DBA/2J mice had a low GST. Additionally, when both strains of mice were given one
flurothyl trial at 12 weeks of age, both strains expressed clonic-forebrain seizures, indicating
that the change in seizure phenotype in flurothyl-kindled C57BL/6J mice is not age-related.
Overall, these results suggest that the alteration in the brain, which accounts for the change in
seizure phenotype, does not occur in DBA/2J mice, and is not the result of developmental
changes associated with age in C57BL/6J mice. Although brain changes are likely, alterations
in flurothyl metabolism could also contribute to this phenomenon and require further
investigation.

Overall, the above described data highlight some of the phenotypic differences between the
C57BL/6J and DBA/2J strains. They establish baseline phenotypic data that can be used with
either recombinant inbred lines (Johnson, et al., 1992; Justice, et al., 1992; Plomin, et al.,
1991) or chromosome-substitution strains (consomics)(Davis, et al., 2005; Hill, et al., 2006;
Singer, et al., 2004; Williams, 1999) for the mapping of QTLs that control seizure threshold
(i.e., seizure susceptibility or resistance), kindling, and behavioral seizure phenotypic changes.
The use of these genetic tools to elucidate the genetic differences seen among inbred strains
could provide insight into the process of epileptogenesis.
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Fig. 1. Inbred strain differences in 10% flurothyl-induced generalized seizure thresholds over the
8-trials of the induction phase and following incubation and retest
The latency to loss of postural control (generalized seizure threshold (GST)) in C57BL/6J
(n=28), DBA/2J (n=28), BALB/cJ (n=10), C3H/HeJ (n=10), and 129S1/SvImJ (n=12) strains
of mice in the flurothyl (10%) kindling model. The GST of C57BL/6J mice (black circles)
decreased over the 8 induction trials (F7,168 = 66.61, P < 0.0001), and remained low upon
flurothyl retest. Significant decreases in GST also were observed in BALB/cJ mice (yellow
squares) (F7,56 = 5.82, P < 0.0001). The GST of C3H/HeJ mice (blue diamonds) did not
significantly decrease over the eight induction trials (F7,28 = 1.88, P = 0.11). 129S1/SvImJ
mice (green circles) displayed a consistent high GST, however, these mice did not survive the
8 trials since they expressed lethal forebrain→brainstem seizures (100% lethal by trial 5). DBA/
2J mice (red squares) exhibited a low GST that remained constant over the 8 induction-phase
trials (F7,168 = 1.52, not significant). Upon retest, C57BL/6J, C3H/HeJ, and BALB/cJ mice
were found to have maintained the GST from trial 8 of the induction-phase. However, DBA/
2J mice tended to have a lower GST upon retest, compared to the GST for the last trial in the
induction-phase (t39 = 2.5, P < 0.02). One BALB/cJ, 5 C3H/HeJ, and all 129S1/SvlmJ mice
had lethal forebrain→brainstem seizures during the induction-phase, whereas no DBA/2J or
C57BL/6J mice had this lethality (or expressed forebrain-->brainstem seizures).
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Fig. 2. Inbred strain differences in 5% flurothyl-induced generalized seizure thresholds over the
8-trials of the induction phase and following incubation and retest
The latency to loss of postural control (generalized seizure threshold (GST)) in C57BL/6J
(n=28), DBA/2J (n=28), and 129S1/SvImJ (n=12) mice when a lower, 5% concentration of
flurothyl was used in the testing. The GST of C57BL/6J mice (black circles) decreased over
the 8 induction trials (F7,35 = 25.58, P < 0.0001), and remained low upon flurothyl retest.
129S1/SvImJ mice (green circles) displayed an initially high GST, which significantly
decreased over the 8 induction trials (F7,35 = 10.41, P < 0.0001). There was a significant
decrease between the trial 8 GST and the 28-day retest GST in 129S1/SvImJ mice (t10 = 2.87,
P < 0.02). However, DBA/2J mice (red squares) failed to demonstrate a significant overall
decrease in GST across the 8 induction-phase trials (F7,56 = 1.12, not significant). In DBA/2J
mice, the flurothyl retest GST remained at levels similar to those of trial 8 of the induction-
phase. When tested with 5% flurothyl, four 129S1/SvlmJ mice had lethal forebrain→brainstem
seizures during the induction-phase; no DBA/2J or C57BL/6J mice had lethal
forebrain→brainstem seizures.
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Fig. 3. Comparison of [C57BL/6JxDBA/2J] F1 hybrid mice with parental strains in 10% flurothyl-
induced generalized seizure thresholds over the 8-trials of the induction phase and following
incubation and retest
The latency to loss of postural control (generalized seizure threshold (GST)) throughout the
full regimen of the flurothyl kindling model in C57BL/6J (n=28), DBA/2J (n=28), and [C57BL/
6J x DBA/2J] F1 hybrid (n=28) mice (data from C57BL/6J and DBA/2J mice used in Figure
1 are re-plotted for comparison). The first exposure to flurothyl (10%) on trial 1 serves as an
indicator of the baseline GST for each strain. C57BL/6J mice (black circles) had the highest
GST (most resistant), while the DBA/2J mice (red squares) had the lowest GST (most
susceptible). The [C57BL/6J x DBA/2J] F1 hybrid (blue squares with open white circles) mice
had an intermediate GST. Successive daily exposures to flurothyl for 8-days resulted in a
decreased latency to loss of postural control in both C57BL/6J and in [C57BL/6J x DBA/2J]
F1 hybrid mice, which was not seen in DBA/2J mice. Throughout the entire 8 trial flurothyl
kindling procedure, C57BL/6J, DBA/2J, and [C57BL/6J x DBA/2J] F1 hybrid mice all
expressed clonic-forebrain seizures. Following a 28-day rest period, mice were again exposed
to flurothyl. On this retest, C57BL/6J (filled circles) and [C57BL/6J x DBA/2J] F1 hybrid mice
had the same latency to loss of postural control as they had had on trial 8 of the induction-
phase. However, the GST of DBA/2J mice significantly decreased upon retest (P < 0.02). No
DBA/2J, C57BL/6J, or [C57BL/6J x DBA/2J] F1 hybrid mice had lethal forebrain→brainstem
seizures during the induction-phase. @ denotes significance of difference from DBA/2J (P <
0.03); $ denotes significance of difference from [C57BL/6J x DBA/2J] F1 hybrid (P < 0.03);
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# denotes significance of difference from DBA/2J (P < 0.0002); + denotes significance of
difference from DBA/2J - trial 8 of the induction-phase (P < 0.02).
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Fig. 4. Comparison of [C57BL/6JxDBA/2J] F1 hybrid mice with parental strains in 10% flurothyl-
induced generalized seizure durations over the 8-trials of the induction phase and following
incubation and retest
The total seizure duration on each flurothyl trial during the full regimen of the flurothyl kindling
model for C57BL/6J (n=28), DBA/2J (n=28), and [C57BL/6J x DBA/2J] F1 hybrid (n=28)
mice. C57BL/6J (black circles), DBA/2J (red squares), and [C57BL/6J x DBA/2J] F1 hybrid
(blue squares with open white circles) mice had similar seizure durations throughout the
flurothyl induction trials (1–8). Successive daily exposures to flurothyl over 8-days resulted
in no significant change in the total seizure duration, in any of the three strains of mice.
However, after incubation followed by flurothyl retest, C57BL/6J mice showed an increase in
the total seizure duration that was significantly higher than the mean increase for either DBA/
2J (P < 0.008), or [C57BL/6J x DBA/2J] F1 hybrid (P < 0.0002) mice. Moreover, C57BL/6J
(P < 0.0001) DBA/2J (P < 0.0001), and [C57BL/6J x DBA/2J] F1 hybrid (P < 0.01) mice had
significant increases in the total seizure duration upon flurothyl retest as compared to the
duration in trial 8 of the induction-phase. @ denotes significantly different from DBA/2J (P <
0.008); $ denotes significantly different from [C57BL/6J x DBA/2J] F1 hybrid (P < 0.0002);
# denotes significantly different from [C57BL/6J x DBA/2J] F1 hybrid (P < 0.02); + denotes
significantly different from trial 8 of the induction-phase for each strain (P < 0.01).
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Table 1
Latency to loss of postural control (a measure of generalized seizure threshold) in inbred mouse strains upon initial
exposure to 10% flurothyl.

Mouse Strain Latency to Generalized Seizure (sec)

C3H/HeJ 474.6 +/− 41.5 *

BALB/cJ 433.8 +/− 40.1 *

C57BL/6J 422.2 +/− 14.1 *

129S1/SvImJ 345.8 +/− 15.2 *$

DBA/2J 252.0 +/− 12.3

[C57BL/6J x DBA/2J] F1 hybrid mice 366.9 +/− 11.2 @^

Values represent the mean +/− SEM.

Comparisons of all inbred strains (except [C57BL/6J x DBA/2J] F1 hybrid mice: F4,77 = 20.41, P < 0.000001 followed by Tukey HSD post hoc
comparisons

*
denotes significance of P < 0.02 as compared to DBA/2J

$
denotes significance of P < 0.006 as compared to C3H/HeJ

Comparisons of C57BL/6J, DBA/2J, and [C57BL/6J x DBA/2J] F1 hybrid mice: F2,73 = 47.2, P < 0.0001 followed by Tukey HSD post hoc comparisons

@
denotes significance of P < 0.0001 as compared to DBA/2J

^
denotes significance of P < 0.008 as compared to C57BL/6J
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