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Abstract

Past studies have demonstrated that inducing several seizures or continuous seizures in neonatal or 

adult rats results in impairments in learning and memory. The impact of a single acute seizure on 

learning and memory has not been investigated in mice. In this study, we exposed an adult 

129SvEvTac mouse to the inhalant flurothyl until a behavioral seizure was induced. Our study 

consisted of 4 experiments where we examined the effect of one seizure before or after delay fear 

conditioning. We also included a separate cohort of animals that was tested in the open field after 

a seizure to rule out changes in locomotor activity influencing the results of memory tests. Mice 

that had experienced a single seizure 1 hour, but not 6 hours, prior to training showed a significant 

impairment in associative conditioning to the conditioned stimulus when compared to controls 24 

hours later. There were no differences in freezing one day later for animals that experienced a 

single seizure 1 hour after associative learning. We also found that an acute seizure reduced 

activity levels in an open field test 2 hours but not 24 hours later. These findings suggest that an 

acute seizure occurring immediately before learning can have an effect on the recall of events 

occurring shortly after that seizure. In contrast, an acute seizure occurring shortly after learning 

appears to have little or no effect on long-term memory. These findings have implications for 

understanding the acute effects of seizures on the acquisition of new knowledge.
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1. Introduction

According to a recent paper using a meta-analytic approach more than 65 million people 

worldwide suffer from epileptic disorders [1]. This is a much higher estimate than the 50 

million reported by the World Health Organization [2]. In the United States alone epilepsy 

affects 2.3 million adults [3]. The rate of epilepsy in developed countries is approximately 
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50 per 100,000 individuals per year with the highest rates in the neonatal periods and in the 

elderly [4, 5]. The conceptual definition of epilepsy was established in 2005, describing 

epilepsy as a disorder of the brain where there are at least two unprovoked seizures that 

occur more than 24 h apart [6]. However, there was immediate resistance to this definition 

since there are several instances where one seizure may be sufficient to classify the patient 

with epilepsy, and there are other conditions where more than 2 seizures may be required to 

properly diagnosis the patient with epilepsy [7]. One study provided different hypothetical 

situations where it would be reasonable to provide a diagnosis of epilepsy after the first 

seizure [8]. In 2014, a report from the International League Against Epilepsy altered the 

practical definition of epilepsy [9]. In their revised definition epilepsy may be considered 

present after one unprovoked seizure in individuals with other associated factors. This 

revision has taken into account that a single seizure can have long-lasting and significant 

effects. Indeed, a single unprovoked seizure increases the risk for another seizure by 40–

52% [10].

In addition to increased susceptibility to subsequent seizures, damage and reactive plasticity 

can also have effects on a number of other processes, which lead to comorbidities. 

Individuals suffering from epileptic seizure disorders are more likely to also suffer from 

psychiatric disorders such as anxiety, depression, bipolar, and attention deficit hyperactivity 

disorder (ADHD) [11]; and neurological conditions including sleep and movement disorders 

[12]. Pain disorders and asthma also show high comorbidity with epilepsy [12]. Another 

common comorbidity of epilepsy is cognitive impairment, such as memory deficiency. This 

can even persist once seizures are under control with antiepileptic medication [13]. 

Antiepileptic medication can directly impact and/or contribute to further memory 

impairments [14, 15]. Impairments are particularly more prevalent when patients are treated 

with more than one antiepileptic medication compared to those with monotherapy [16–19]. 

Persistent cognitive impairment could have significant effects on the daily functioning of 

affected individuals who may be unable to reliably form new memories or clearly recall old 

memories. Learning and memory deficits could therefore represent a substantial effect that 

results from recurrent seizures.

Research utilizing clinical data and animal models has shown that prolonged or recurring 

seizures can impair different types of learning and memory including spatial, episodic, and 

emotional [20–23]. While notably, there has been much research using animal models of 

epilepsy to investigate the chronic effects of regular seizures on cognition [24–28], little 

research has investigated the effects a single or acute seizure on this same subject. 

Therefore, while we may have some idea of the degree of long-term cognitive impairments 

that result from an epileptic condition, it is still important to separate out the effects each 

seizure may have on the processes of learning and memory. Multiple seizures result in 

extensive cell loss and other damage that can affect learning and memory, and the 

application of antiepileptic drugs (AEDs) to combat seizures has been implicated in 

contributing to such cognitive impairment [29, 30]. Our studies will control for the possible 

impairments on learning and memory in isolation from the effects of AEDs and damage 

from multiple seizures.
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In the current study we investigated the effect of a single acute flurothyl-induced seizure in 

mice at various time points before or after associative fear conditioning. We wanted to first 

determine whether impairments of contextual fear memory previously reported in rats could 

be extended to associative fear memory in mice [31]. We also wanted to expand on any 

impairments found. To this end, we looked at a 6-hour pre-training seizure to examine 

whether a single seizure can affect learning and memory at a more distant time point.

2. Materials and methods

2.1. Animals

We used adult (~60–100 postnatal days old) male and female 129SvEvTac mice that were 

generated and housed at Baylor University. The home colony room was maintained at an 

ambient temperature of 22 °C, with a 14-h light and 10-h dark (20:00 to 6:00h) diurnal 

cycle. The mice were group housed in standard cages and were allowed ad libitum access to 

food and water. The animal protocol was approved by Baylor University Animal Care and 

Use Committee and all procedures performed were in compliance with the National 

Institutes of Health Guidelines for the Care and Use of Laboratory Animals.

2.2. Flurothyl Induction

All seizures were induced under a fume hood inside a clear acrylic (29 cm × 16 cm × 15 cm) 

inhalation chamber. Flurothyl (bis-2,2,2-trifluroethyl ether), obtained from Sigma-Aldrich 

(St Louis, MO, USA), was pumped into the chamber using a Harvard Apparatus model 11 

Plus syringe pump at a rate of 50 μL per minute.

2.3. Fear Conditioning

Fear conditioning and testing were performed using two Coulbourn Habitest® fear 

conditioning chambers (26 cm × 22 cm × 18 cm) placed inside of sound dampening, 

isolation cubicles. The chambers were configured with two acrylic and two metal sides. The 

chambers were equipped with metal grid floors which delivered mild footshocks. These 

footshocks were delivered by Coulbourn Precision Animal Shockers which were manually 

calibrated using an ENV 420 Amp-meter (Med Associates inc.) prior to testing on each day 

shocks were to be delivered. A white noise tone was delivered by an external PYLE® PRO 

PCA2 stereo amplifier that played though speakers mounted on the rear of the isolation 

cubicles. Shocks were delivered and freezing behavior was recorded and measured for each 

testing day using FreezeFrame 3 software (Coulbourn, Ohio, USA).

We used a delay fear conditioning protocol in which a mouse was placed into the chamber 

and exposed to the conditioning stimuli as previously described [32]. There was a 2-minute 

baseline period, which was followed by the presentation of the conditioned stimulus (CS) 

for 20 seconds (80-dB white noise tone). The white noise was immediately followed by a 

mild footshock (2 second 0.7-mA) that served as the unconditioned stimulus (US). This was 

followed by an inter-trial interval of 1 minute, followed by another tone and shock pairing. 

There was a 20-second interval period following the second pairing. Mice received a total of 

2 CS-US pairings. The FreezeFrame monitor system was used to control the timing of the 
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CS and US presentation. After each testing session the chambers were cleaned with 30% 

isopropyl alcohol.

Mice were tested for cued fear conditioning after a seizure. We used the same protocol to 

measure both short- and long-term memory. The fear learning chambers were altered prior 

to testing in order to present a novel context. The texture, color, and shape of the chambers 

were altered using acrylic inserts and a novel odor (vanilla extract; Adam’s Extracts, USA) 

was placed under the floor. We monitored freezing behavior for two 3-minute periods inside 

the chamber. The first period consisted of the new context for 3 minutes. During the second 

period, we presented the auditory conditioned stimulus (CS) for 3 minutes and measured 

freezing.

2.4. Open Field

Two Fusion Nodes equipped with multiple Fusion Sensors measured activity level in the 

open field. The testing arena was a clear acrylic (40 cm × 40 cm × 40 cm) box. The 

automated measurements by the sensors were recorded using the Fusion software (Omnitech 

electronics, OH, USA) for each 10 minute trial.

2.5. Experiment 1: One Hour Pre-training Seizure

In our first experiment we wanted to examine the effect of a single acute flurothyl-induced 

seizure one hour prior to fear conditioning on subsequent fear learning and memory (See 

Fig. 1A). The mice were transported to a holding room where they were allowed to 

acclimate for 30 minutes prior to seizure induction. A single mouse was placed into a clean 

transfer cage and transported from a holding room to the main lab. The animal was then 

placed into an inhalation chamber under a chemical vent hood where it was exposed to 

flurothyl until a behavioral seizure (wild running with tonic-clonic seizure) was observed. A 

control animal was also placed into a second inhalation chamber for the same amount of 

time in parallel to the experimental animal. After a behavioral seizure was induced, both 

experimental and control animals were removed from the inhalation chambers and returned 

to the transfer cages to recover. The mice were transported back to the holding room after a 

brief recovery period to await the next phase of the experiment.

One hour after a seizure was induced mice were transported to a testing room where they 

underwent delay fear conditioning. The mouse was placed into the chamber for fear 

conditioning using the protocol that was described above. After the protocol ended, the 

animal was removed from the chamber and returned to the holding room.

For our studies we define short-term memory as a memory that has been encoded but not 

consolidated into permanent long-term memory. In our associative learning tests we 

measured short-term memory 1 hour following fear conditioning. We also tested the animal 

in the same conditions 24 hours after the seizure was induced to examine LTM. The 

protocol and measurement parameters were identical to those used in the STM test. After the 

completion of testing for all animals, the mice were returned to their home cages and 

transported to their home colony.
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2.6. Experiment 2: Six Hour Pre-training Seizure

In our second experiment we examined whether animals that experienced an acute seizure 6 

hour prior to delay fear conditioning would show a learning and memory deficit compared 

to control animals. A single pre-training acute flurothyl seizure was induced inside an 

inhalation chamber as described in experiment 1. Control animals were again placed into a 

second inhalation chamber concurrent with animals assigned to the experimental condition 

(see Fig. 1B). Animals were trained using delay fear conditioning 6 hours after they received 

a seizure. Then, in order to examine LTM, we tested the mice 24 hours post-seizure. We 

tested the mice in the same new context and conditions as already described.

2.7. Experiment 3: Open Field

A separate set of mice were examined in a 10-minute open field test to evaluate whether the 

results of the STM test in experiment 1 might have been influenced by a general decrease in 

locomotor activity level following a flurothyl seizure or 24 hours after a seizure (see Fig. 

1C). A single acute seizure was induced using flurothyl and control mice were used as 

previously described. Two hours after experiencing a seizure, a mouse was placed into the 

open field for a 10-minute period. We recorded several measures of activity. The mouse was 

removed and returned to its home cage after the 10 minute test. The open field arena was 

cleaned with 30% isopropanol and prepared for the next mouse. All mice were returned to 

their home colony after testing was completed. The mice were tested again in the open field 

at a 24 hour post-seizure time point to assess their activity levels in another 10-minute trial.

2.8. Experiment 4: One Hour Post-training Seizure

The previous experiments were conducted to investigate whether an acute seizure impairs 

the acquisition of a new memory. For our final experiment, we wanted to determine whether 

an acute seizure impairs the retention of a newly acquired memory (See Fig. 1D).

The mice were first trained using delay fear conditioning. One hour after the training phase 

of delay fear conditioning, we induced a flurothyl seizure in the mice. One hour following 

the seizure we tested the STM of mice who had experienced a post-training seizure. On the 

next day (24 hours following the seizure) the mice were transported to the testing room 

where they were again placed into the chamber and LTM was examined.

2.9. Data Analysis

All data were analyzed using Prism 6 (GraphPad Software, Inc., La Jolla, CA). For all 

comparisons, the level of significance was set at p < 0.05. Males and females were 

combined per group since no statistically significant differences were found between them. 

Animals were monitored throughout the experiments for changes in weight and no 

significant differences were found.

3. Results

3.1. Flurothyl-induced Brief Seizures

In the mice that experienced flurothyl-induced acute seizures, the latency to the first seizure 

across all experiments was 144.1 ± 4.3 seconds (mean ± standard error of the mean). The 
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duration of the behavioral seizure was approximately 60–70 seconds or less from the time 

the animals were removed from the inhalation chamber. The animals were allowed to rest 

for at least one hour after seizure induction. None of the mice had spontaneous seizures 

during any of the experiments.

3.2. One Hour Pre-training Seizure

The results of memory tests revealed that long-term memory for a conditioned stimulus was 

impaired a day later following a 1-hour pre-training seizure. Mice that were given a seizure 

and then examined in delay fear conditioning showed an increase in freezing during all 

aspects of the training phase. There was a main effect of group during the training phase of 

delay fear conditioning [F(1, 13)= 46.19, p < 0.0001] (Fig. 2A). The STM test was 

performed one hour after delay fear conditioning. The seizure group had a significant 

increase in freezing in the new context [t(1, 12) = 2.82, p < 0.05] but did not show a 

significant difference compared to control mice when the CS was presented [t(1, 12) = 1.79, 

p = 0.09] (Fig. 2B: left two graphs). Twenty four hours after we induced seizures we tested 

the mice for alterations in LTM. We found that mice that had experienced a single seizure 1 

hour prior to training showed significant impairment of associative conditioning 24 hours 

later compared to controls when presented with the conditioned stimulus [t(1, 12) = 3.48, p 

< 0.05]. However, the seizure mice were no different in their freezing behavior in the new 

context compared to controls [t(1, 12) = 1.85, p = 0.08] (Fig. 2B: right two graphs).

3.3. Six Hour Pre-training Seizure

A 6-hour pre-training seizure did not affect associative memory one day later. Mice that had 

experienced a seizure 6 hours prior to training did not show any significant difference in 

freezing behavior compared to controls during delay fear conditioning training [F(1, 9) = 

3.1, p = 0.11] (Fig. 3A). There was also no difference 24 hours after a seizure when 

presented with the conditioned stimulus [t(1, 9) = 0.81, p = 0.43] or in the new context [t(1, 

9) = 0.76, p = 0.46] (Fig. 3B). However, both groups did demonstrate an increase in freezing 

when presented with the CS compared to the new context condition. A paired t-test revealed 

an increase in freezing for the control mice across the new context compared to CS 

condition [t(1, 5) = 3.9, p < 0.05]. Similar results were found in the seizure group [t(1, 4) = 

4.3, p < 0.05].

3.4. Open Field

For experiment three we wanted to determine if a single seizure affected the activity levels 

of our mice during the short- and long-term memory tests. We found that an acute flurothyl 

seizure resulted in a significant decrease in activity 2 hours after the seizure was induced but 

the effect was not long-lasting. For the 2 hour analysis we used the Mann-Whitney U test 

because the variance of the data violated the assumption of homogeneity. The F test for the 

analysis for locomotor activity was [F(7, 6) = 423, p < 0.001] and for horizontal movement 

frequency was [F(7,6) = 42.1. We found a significant reduction in locomotor activity at the 

2-hour time point [U = 1, p < 0.001] (Fig. 4A) and a significant reduction in horizontal 

movement frequency [U = 4.5, p < 0.01] (Fig. 4B). The effect on activity was temporary. 

When tested at 24 hours after seizure induction there was no difference in total activity or in 

movement frequency in mice that experienced a single flurothyl seizure compared to control 
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mice in the open field test 24 hours after a seizure [t(1, 13) = 0.24, p = 0.81] (Fig. 4C); [t(1, 

13) = 0.18, p = 0.86] (Fig. 4D).

3.5. One Hour Post-training Seizure

We found that a single post-training seizure did not affect associative memory when recalled 

a day later. There was no difference in freezing during training for mice that had 

experienced a seizure 1 hour after training [F(1, 30) = 0.39, p = 0.53] (Fig. 5A). We found 

that the seizure group had an increase in freezing in the New Context testing phase during 

the STM test [t(1,19) = 4.9, p < 0.0001] (Fig. 5B left graphs). A similar significant increase 

in freezing was found in the 3-minute period when the CS was presented [t(1,19) = 2.34, p < 

0.05] 1 hour after a seizure (Figure 5B left graphs). The effect was not long-lasting. At the 

24-hour time point after the seizure was induced there was no difference between the groups 

in the new context [t(1,19) = 0.66, p = 0.51] or in the CS condition [t(1,19) = 0.12, p = 0.90] 

(Fig. 5B right graphs).

4. Discussion

In 2010, Dr. McAuley and colleagues conducted a study with the Comprehensive Epilepsy 

Program at Ohio State to examine what the highest concerns were for individuals with 

epilepsy. The second most important concern for those with epilepsy was their memory and 

it ranked as their third most frequent concern [33]. This is in contrast to the reports from 

practitioners where they ranked memory concerns as number 12. This contrast demonstrates 

the discrepancy in the concerns of patients with epilepsy compared to practitioners. There is 

accumulating evidence that cognitive impairments are an important consideration for those 

afflicted with epilepsy. In our study we induced seizures 1 hour prior to associative fear 

conditioning and observed associative learning deficits when we examined their memory 24 

hours later. We did not observe deficits in associative memory when the seizure was induced 

after associative conditioning. The results from our studies provide evidence that the ability 

to form memories may be more sensitive to seizure disruption compared to memories 

acquired before seizure induction.

Our results support a similar study that examined the influence of acute seizures on spatial 

and associative learning [31]. They induced seizures by an intraperitoneal injection of PTZ 

in adult rats. In one set of experiments they induced a seizure 30 minutes prior to trials in the 

Morris Water Maze. In another experiment they induced a PTZ seizure 30 minutes prior to 

contextual fear conditioning. In both tests they found deficits in the acquisition of learning. 

They also examined the effect of a seizure induced immediately after the animals were 

tested in the MWM and fear conditioning test and found no significant memory impairment 

24 hours later.

One difference between our study and the Mao et al. (2009) study is that they found that a 

seizure induced before fear conditioning results in a learning deficit when the animal is 

tested 1 hour after fear conditioning training. We did not observe this difference in our 

study. One reason for this difference may be that the PTZ seizure induction method 

produces more severe seizures. They report that the PTZ seizure duration is 60–70 seconds. 

The flurothyl seizure induction method we used rapidly results in a seizure within minutes 
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of exposure [34]. The behavioral seizures in our study lasted for 20–30 seconds after the 

animals were removed from the inhalation chamber. Another concern with the use of 

flurothyl seizures is that there is a significant reduction in locomotor activity in the mice. 

We observed an increased level of freezing when we examined the freezing behavior of the 

seizure group 2 hours after seizures. Since freezing is the measurement of learning in the 

fear conditioning test, it appeared as though the animals had an enhancement of learning. 

However, we repeatedly observed increased freezing whenever we examined the freezing 

behavior of the animals within 2 hours after seizures. Therefore, we examined locomotor 

behavior of another cohort of mice in an open field test. We administered a flurothyl seizure 

to the mice and observed their locomotor activity 2 hours and 24 hours later in an open field 

test. We found a significant reduction in activity in the 2-hour test. This reduction may 

explain why the animals had more freezing after seizure induction. It is important to note 

that the decrease in activity was not present at the 24-hour time period. Therefore, any 

change of freezing at the 24-hour time point does not appear to be due to a change in activity 

levels.

The influence of PTZ on activity levels may help to explain another difference between the 

Mao et al, 2009 paper and our study. They report short-term memory deficits in both 

retrieval and consolidation of a fear memory, which is shown through a reduction in freezing 

behavior in fear conditioning. It is not clear whether PTZ induces acute hyperactivity in 

rodents. It is possible that the reduction in freezing after seizures could be due to a change in 

locomotor activity, which would then influence freezing behavior in the animals at this time 

point. Future studies examining learning and memory after seizures should include measures 

of locomotion to rule out the influence on activity levels.

Our observations on the influence of seizures on memory are in line with our understanding 

of the consolidation of memories. In order for a short-term memory to become a long-term 

memory there is a necessary period of consolidation. This process is believed to require a 

few hours to complete and requires protein synthesis. These assumptions are supported by 

experiments using anisomycin, which blocks protein synthesis. When given prior to fear 

conditioning it results in memory deficits [35]. Similar results are found if the drug is given 

1–2 hours after fear conditioning, but little impairment occurs if the drug is given 4–6 hours 

after training. We included a group that received a seizure 6 hours prior to fear conditioning 

and found no impairment in memory. It may be that the mechanism of memory impairment 

observed here is similar to anisomycin, preventing/disrupting protein synthesis. Additional 

studies will address how seizures impact the role of protein synthesis in memory 

consolidation.

Another future direction will be to examine why a seizure prior to acquisition has an impact 

on learning while a seizure during the consolidation phase has no impact on learning. One 

possibility is that flurothyl seizures may have selectively impacted the lateral amygdala. In a 

previous study, investigators infused the GABAA agonist muscimol into the lateral 

amygdala to temporarily inhibit this region [36]. They found this inactivation blocked the 

acquisition of fear conditioning. This effect was not supported when muscimol is 

administered after fear conditioning. Therefore, it is hypothesized that this area plays a 

strong role in the acquisition of memories. Another possible mechanism could include 
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NMDA receptors. It has previously been shown that the NMDA antagonist MK-801 disrupts 

contextual fear conditioning when administered prior to learning, but does not disrupt 

contextual fear conditioning when administered after the training session [37]. Future 

studies could examine whether seizures induce changes in specific areas of the amygdala 

and determine the role of NMDA receptors within the different regions of the amygdala and 

hippocampus.

Our research contributes to a large body of evidence that seizures have long-lasting impacts 

on learning and behavior. Several of the studies have focused on the long-term effects of 

seizures on spatial learning and memory and often use the Morris water maze task. In this 

task that is strongly dependent on the hippocampus, the rodent navigates a circular pool to 

find a hidden platform [38, 39]. Several studies have found that seizures during adulthood 

[25] and during early development [40–44] result in spatial learning deficits. Studies using 

fear conditioning have also found that seizures result in learning and memory deficits. Rats 

that received kainate or electrical stimulation of the amygdala have deficits in contextual 

memory [45]. A different study found impaired extinction in mice with pilocarpine-induced 

seizures [46].

One issue with previous studies examining learning and memory in young and adult subjects 

is that there are numerous structural and biochemical changes that can occur between the 

induction of seizures and the examination of learning and memory deficits. There is an 

increase in cell death, mossy fiber sprouting in the hippocampus, and gliosis [47–49]. 

However, the impact of a single flurothyl seizures on cell death in adult rodents has not been 

examined. Many of the studies have examined the long-term effect of many flurothyl 

seizures and have found little cell death [34, 50, 51]. Flurothly seizures result in changes in 

spine loss when induced during early development [52] and seem to have less impact on 

dendrite morphology when induced later in development [42]. Flurothyl seizures have been 

shown to lead to mossy fiber sprouting similar to other chemoconvulsants while cell loss is 

absent unless seizures are repeatedly induced [53]. Future studies could examine whether 

flurothyl seizures result in immediate cell death during adulthood. Such immediate cell 

death could help to explain our results but future studies could also include measures of 

spine loss.

It is difficult to tease out the impacts of seizures when there are concurrent alterations in the 

brain that strongly affect learning and memory. For our study we examined a relatively short 

time to measure alterations in long-term memory. One paper found that a single flurothyl 

seizure in rats results in spatial learning deficits several days after the seizure [54]. We plan 

to add later time points to determine the long-lasting impacts of a single seizure. As 

converging lines of evidence occur over time we plan to fill the gaps to determine the acute 

and long-term effects of seizures on cognitive function.

5. Conclusions

In addition to the long-term risk of future seizures, a single short seizure can impair the 

ability to learn a new task. We observed that a seizure before an associative learning task 

resulted in long-term learning deficits. However, learning occurring more remotely after a 
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seizure was not impaired by the seizure, and learning that occurs shortly after a brief seizure 

was not impaired. This information should be taken into account when considering how 

epileptic conditions might affect the quality of life and ability to live independently for an 

individual diagnosed with epilepsy. Furthermore, by examining the biochemical changes 

that occur after a single seizure new therapeutics could be generated to address the effect of 

seizures on learning, and perhaps influence epileptogenesis.
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Highlights

• A single flurothyl seizure impairs the acquisition of learning.

• A single flurothyl seizure does not impair the retention of learning.

• A flurothyl seizure results in a transient suppression of locomotor activity.
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Fig. 1. Timelines for 1 h pre-, 6 h pre-training seizure experiments, open field experiment, and 1 
h post-training seizure experiment
(A) 1 h pre-training group, (B) 6 h pre-training group, (C) 2 h post-seizure group, (D) 1 h 

post-training group.

Holley and Lugo Page 14

Epilepsy Behav. Author manuscript; available in PMC 2017 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 2. Freezing during fear conditioning training and during associative memory tests with a 
single seizure 1 hour prior to training
(A) Freezing during fear conditioning in the 1 h pre-training group as compared to controls 

that did not experience seizures. (B) Freezing levels of mice at the 1 h time point after 

seizures [Short Term Memory (STM)] and 24 hrs [Long Term Memory (LTM)] after a 

seizure. The bars are the mean value and the error bars denote SEM. * = p < .05
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Fig. 3. Freezing during fear conditioning training and during associative memory tests with a 
single seizure 6 hours prior to training
(A) Freezing during fear conditioning 6 hrs after a single seizure. (B) Freezing levels of 

mice 24 hrs after a single seizure in the new context and conditioned stimulus (CS) 

condition. The bars are the mean value and the error bars denote SEM.
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Fig. 4. A flurothyl seizure transiently reduces activity levels
In the open field test we report (A) locomotor activity at the 2 h time point and (B) 
movement frequency. (C) Total activity and (D) movement frequency in control and seizure 

mice. The bars are the mean value and the error bars denote SEM. ** = p < .01; *** = p < .

001
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Fig. 5. Freezing during fear conditioning training and during associative memory tests with a 
single seizure 1 hr after training
(A) There was no difference in freezing during training prior to a 1 h post-training seizure. 

(B) Mice that experienced a single seizure 1 h after training had an increase in freezing in 

the New Context and during the CS presentation 1 h after the seizure. At 22 h after a seizure 

mice showed no difference in freezing in the new context or when presented with the CS. 

The bars are the mean value and the error bars denote SEM. * = p < .05 ; *** = p < .001
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