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Audiogenic epilepsy pronenesswas analyzed in the progeny of rats from two strains (audiogenic seizure prone—
strain “4”—and audiogenic seizure non-prone, strain “0”). Femaleswere fed by a dietwhich contained substances
enrichedwithmethyl-groups during 1week beforemating (MED), during pregnancy period and 1week after the
delivery. ThisMED treatment resulted in a decrease of audiogenic seizurefit intensity,whichwasmore evident in
rats of strain “0”. Control rats of strain “4” displayed intense seizures (tonic seizure, 3.85 arbitrary units). Med “4”
rats seizures were less intense (3.23, tonic seizure of lower intensity), control “0” strain rats demonstrated the
seizure with mean 3.09 arbitrary units, “0” MED rats only 2.03 arbitrary unit intensity (only clonic seizures,
significantly, p b 0.05, different from controls). Methyl-enriched diet resulted in the significant changes in
methylation status of several genes (Cpne6, Gtf2i, Sctr,1 Sfmbt, Phe2). These genes among others were chosen
for analysis as their expression was analyzed in other methylation study. These genes were hypermethylated
after “epileptic tolerance”. Due to this procedure, the intensity of status epilepticus, produced by kainate in
mice, decreased (Miller-Delaney et al., 2012). The modulation of audiogenic seizure intensity as the result of
methyl-enriched diet during prenatal and early postnatal ontogeny was demonstrated for the first time.

© 2014 Elsevier Inc. All rights reserved.
1. Introduction

The genetic predisposition to seizure development was described
both in humans (see EPICURE Consortium and EMINet Consortium,
2012; Helbig and Lowenstein, 2013) and in animals (Coppola and
Moshé, 2012). As it was demonstrated the processes of brain develop-
ment are also under epigenetic control, and it is now possible to analyze
the role of epigenetic processes and namely the DNA methylation in
epileptogenesis (Schatz et al., 1983; Lester et al., 2011; Hwang et al.,
2013; Kobow et al., 2009; Kobow and Blümcke, 2011).

The role of DNA methylation in epileptogenesis was investigated in
animal experiments (see Sellinger et al., 1986; Tsankova et al., 2004;
Miller-Delaney et al., 2012) and in clinic (Kobow and Blümcke, 2012).
Gene MBD5 (the product -methyl-CpG binding domain protein 5) is the
member of methyl-binding group of genes, and it probably participates
in brain DNAmethylation (Noh and Graham, 2012). The deletion of this
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gene, found in humans, was accompanied by severe CNS dysfunction,
including seizures and developmental delay (Motobayashi et al.,
2012). The patterns of gene expression, which are presumably
determined (among other factors) by changes in epigenetic processes,
vary in animal models of epilepsy (Kobow et al., 2013).

Human brain DNA methylation and epilepsy are shown to be
connected. Miller-Delaney et al. (2012) analyzed the effects of seizure
preconditioning using status epilepticus (SE) model (seizures induced
in C57BL/6 mice by intra-amygdala microinjections of kainic acid). The
preconditioning procedure included i.p. injection of kainic acid before
SE induction, which promoted seizure tolerance. Based on genome-
wide DNA methylation analysis authors discovered changes in
methylation status of 288 genes (in hippocampal tissue), and 15 genes
from this group were differentially hypermethylated (in comparison
to SE group) in the case when pre-conditioning + SE procedures were
used. Most of these genes were “novel” and not known previously to
be implicated in SE tolerance mechanisms.

The study of epigenetic mechanisms involved in seizure development
includes usually the comparison of brain DNA methylation patterns
during seizures (or immediately after seizures) vs a normal state.
Using this approach changes were found in the methylation level of
several genes (Doyle and Sellinger, 1980; Sellinger et al., 1986). At
the same time practically no data exist concerning the role of DNA
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Table 1
Numbers of control and experimental (MED) animals of both strains, which participated
in the experiment.

Strain Group Male Female Total

“0” “Experiment” 12 6 18
“Control” 5 6 11

“4” “Experiment” 6 5 11
“Control” 10 17 27
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methylation in determining seizure proneness in genetic animal
models of seizure states.

The adequate and easily reproducible generalized seizure fit model
is rodent audiogenic epilepsy (Feller et al., 1994; Faingold, 1999;
Misawa et al., 2002; Prieto-Martín et al., 2012). The genetic models
used are mainly KM strain (Russia), GEPR strains (USA) andWAR strain
(Brazil) (Poletaeva et al., 2011). The proneness to these types of seizures
has demonstrated genetic components (Poletaeva et al., 2011;
McMillan and White, 2004). The physiological mechanisms of
audiogenic seizure fit (ASF) are different from those involved in limbic
seizure development (Faingold, 1999; Poletaeva et al., 2011).

The DNA methylation level could be modulated using special
methyl-enriched diet (Prasolova et al., 2006, 2009; Van den Veyver,
2002; McGowan et al., 2008). In these types of experiments changes
in the gene methylation were described as well as some phenotypic
changes induced by this treatment (Pliusnina et al., 2007; Gerbek
et al., 2010; McGowan et al., 2008; Zhang et al., 2013). These data
were the prerequisite for the suggestion that brain DNA methylation
level could be analyzed in rats with different proneness for seizures
when methylation “load” was induced by means of special diet. In the
present study the intensity of ASF intensity, as well as development of
audiogenic myoclonic seizures was analyzed in rats of two strains
which differed in audiogenic seizure proneness. Special maternal diet
should presumably induce changes in brain DNA methylation. The
methylation status (using methylation-dependent DNA polymerase
chain reaction, PCR) was analyzed in those genes, which were found to
behypermethylated inmice in case of preconditioning+SE experiments,
mentioned above (tolerance, by Miller-Delaney et al., 2012).

2. Material and methods

2.1. Subject and selection procedure

Rats of strains “0” and “4” (18-th selection generation) were used.
These strain are selected for the absence of ASF in response to loud
sound strain “0” (for “null” reaction to sound) and for its maximal
intensity (strain “4”, as “4” is the maximal arbitrary unit of this trait
intensity, adopted in the laboratory). Selection started using animals
of hybrid population between rats of the inbred strain with high audio-
genic seizure proneness (Krushinsky–Molodkina or KM strain: see
Poletaeva et al., 2011) and Wistar rats. From the group of 60 Wistar
rats 4 males and 3 females were chosen that did not develop ASF after
3 successive sound exposures, presented after 1 week interval
(Fedotova et al., 2012). Animals from the hybrid population, which
did not develop seizures from sound testing, were chosen as parents
for strain “0”; animals with maximal ASF intensity were the founders
for strain “4”. The offspring of these matings were behaviorally tested
to sound at 3 months of age using the same protocol. Thus animals
used in the present study differed in audiogenic seizure proneness yet
to a large extent share a common genetic background. As the selection
for “0” degree of ASF slowly proceeded (Fedotova et al., 2012) an ab-
sence of ASFwas found only in a portion of “0” strain rats (in the control
group of “0” rats used in present study there were around 20% of rats
without any signs of audiogenic epilepsy), although the ASF intensity
of rats from “0” strain was low (see below). Five females from strain
“0” and 7 females from strain “4” aftermating tomales of the respective
strains gave birth to a total of 67 pups (see Table 1). Part of them were
controls, as their mothers received the normal food (without methyl
enrichment, see below), while others were “experimental” (i.e. after
maternal methyl enriched diet -MED).

2.2. Bioethical standards

Animals used in research have been bred in the laboratory and cared
for in accordancewith the guidelines published inNIH Guide for the Care
and Use of Laboratory Animal and the principles presented in the
“Guidelines for the Use of Animals in Neuroscience Research” by the
Society for Neuroscience. The experimental protocol was approved by
Moscow State University Ethical Committee and was in accordance to
general bioethical principles (namely to EC Convention 2010 rules).

2.3. Methyl-enriched diet (MED)

The chemical ingredients, which were added (per 1 kg of food) in
order to enrich rat foodwithmethyl-group radicals, were the following:
choline—5 g, betain—15 g, folic acid—15 mg, vitamin B12—1.5 mg,
L-methionine—7.5 g, and zink (as ZnSO4)—150 mg (by Prasolova
et al., 2006). These ingredients were mixed with boiled buckwheat,
cottage cheese and fresh eggs. Females received this food for 1 week
before mating, during the entire pregnancy period and 1 week after
the delivery. Control females received the same food without methyl-
group enriching ingredients.

2.4. Testing the audiogenic seizure proneness

The testing of audiogenic seizures was performed twice at the age of
3 and 4.5 months. Animal was placed inside the sound attenuating box
and the sound (auditory-bell, 120 dB)was switched on. After the devel-
opment of seizure fit (or after 90 s in cases, when no seizure developed)
the sound was switched off. The audiogenic seizure intensity was
evaluated according to the arbitrary scale, with “0”—for the absence of
fit, “1”—for the stage of “clonic” run (or “wild run stage”), “2”—clonic
seizure, “3”— tonic seizure, and “4”— maximal intense tonic seizure of
the trunk muscles and extremities and animal falling on the side
(Poletaeva et al., 2011). After weaning, at 28 days animals were separat-
ed frommother and kept in the female ormale groups of 3–4 individuals
in A4 cages with water and standard rodent food (Laboratorkorm firm)
ad lib. At the age of 3 months all rats were tested for audiogenic prone-
ness for the first time. At the age of 4.5 month a second similar test
and the procedure of audiogenic kindling took place. The latter included
daily repetitive sound exposure (during 25 days) to test the develop-
ment of audiogenic myoclonic seizures (Fedotova and Semiokhina,
2002; Galvis-Alonso et al., 2004).

2.5. DNA extraction

DNA extraction was performed from the whole brain tissue (for
technical reasons) by means of standard phenol extraction technique.
The tissue samples were taken after three to four weeks after the end
of audiogenic seizures and audiogenic kindling testing; thus the
previous sound exposure presumably could not affect the methylation
status of the DNA.

2.6. Methylation level assays

A 200–400 bp segment containing one to five CCGG sequences rec-
ognized by restriction endonuclesases HpaII and MspI was chosen for
each gene in study. These restriction endonuclesases are well known
isoschizomers having different sensitivity to cytosine methylation.
Namely HpaII is inhibited by internal cytosine methylation (Cm5CGG
sites) whereas MspI cleaves DNA irrespective of such methylation.
Both endonucleases are inhibited by external cytosine methylation
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(m5CCGG sites) but suchmethylation is a rather rare event in mamma-
lian DNA and is known to occur in embryonic stem cells primarily. The
oligonucleotide primers for the PCR amplification of the gene segments
chosenwere designedwith Primer3 (http://frodo.wi.mit.edu/primer3/)
and synthesized by Evrogen (Moscow) (see Table 2).

The relative quantity of DNA-target was measured with real-time
SYBR Green PCR (qPCR-HS SYBR + ROX kit, Evrogen, Moscow) on a
DT-322 (DNA-Technologiya, Moscow) thermocycler. The relative quan-
tities of each DNA-target DNA segment were calculated in samples C, H
andM. Since the C sample represents an intact DNA the quantity of each
DNA-target DNA segment in this sample (C) was regarded as a full gene
dosage and a value of 1 was ascribed to it. The intact DNA segments in
sample H correspond to those methylated at the internal cytosines of
CCGG sites (all unmethylated ones were hydrolyzed by HpaII and
therefore did not participate in PCR); thus the quantity of respective
DNA targets (H) was regarded as a measure of DNA methylation. Last
but not least, the quantity of each DNA-target segment in sample M
was regarded as a background noise (MspI is not sensitive to internal
cytosine methylation and therefore all DNA-target DNA segments
must be hydrolyzed). The methylation level of each DNA-target DNA
segment in % was calculated as 100 × (H − M) / (C − M). Each level
was calculated from three independent PCR experiments carried out
in parallel.
2.7. Statistics

Group differences in audiogenic seizure proneness were evaluated
using ANOVA-MANOVA (Statistica 6) with post hoc Fisher LSD test,
which was considered the most adequate for the goal of the present
study. The significance of differences in DNA methylation for the pair
comparisons was evaluated be Kolmogorov–Smirnov criterion which
fits for this type of data processing.
3. Results

3.1. General observations

Rats of both strains from theMED groups did not differ from controls
in bodyweight (around 160–170 g), in general appearance and activity,
although other special behavioral tests were not performed.
Table 2
The primers for PCR (genes chosen for analysis of methylation level, see text,
www.evrogen.ru).

Oligo Sequence 5′-3′ L

Cpne6F GCCCAGTCTCCATAACAACATC 20
Cpne6R ATTCTCTCTGTGCCTGTCCA 20
Gtf2iF TTTATTCGACACTCTGCCCC 20
Gtf2iR AGACCATCCCTCTCAAACAC 20
Hmga2F GGTCCCACGGATTAAAAGCG 20
Hmga2R GCTTTTAAAGATCCCGAGGA 20
Hspa1bF ACGGCAAGGTGGAGATCATCG 20
Hspa1bR TCGTTGAAGTAGGCGGGCAC 20
Ifr4F AGCTATTGGGACTGTGGTGT 20
Ifr4R GGGAATAAGGGGTATTGTGG 20
Mta1F GCAGTCAGGGGACATAGATA 20
Mta1R CCAAACATAGGGAATCGCAG 20
Phc2F GGATAGCCCCCACTTTAAAC 20
Phc2R TTATCCAGTAATGCCCCAGG 20
Scrt1F ACGCCTTCTTCATCACTGAC 20
Scrt1R TTTTGCCACACTCTCCGCAC 20
Sfmbt2F GGTTTTCATCTTGGATTGGC 20
Sfmbt2R GACCTCCTTCCTTTCTCCTT 20
Tcfap2eF AGGAGTTGGTAATCGTCCAG 20
Tcfap2eR TAGAAGAGGATGGCAGTGAG 20
3.2. Audiogenic epilepsy proneness in “0” and “4” rats in control and MED
groups. ASF and kindling

Three factor ANOVA (strain, sex, treatment) revealed no effect of
“sex” factor (F166 = 0.8816, p = 0.351593), so data on males and
females of the same group were pooled for further processing. As men-
tioned above, the trait “non-proneness to audiogenic seizure” in the
course of strain “0” selection (Fedotova et al., 2012) was always far
from 100%. It means that certain proportion of strain “0” rats (in intact
population in general, and in control group of this study in particular)
developed seizures in response to sound although of low intensity
(Table 3). The proportion of strain “0” animals, which showed no
reaction to sound was in the range of 30–60% in previous selection
generations (Fedotova et al., 2012).

Themeanfit intensity values (Table 3) in rats of strain “4” at ages of 3
and 4.5 months were lower than maximal values in rats of their
progenitor strain (KM) at the same age, these rats demonstrating stable
4 arbitrary units (Poletaeva et al., 2011).

Two factor ANOVA (factors—“strain” and “treatment”) with post hoc
Fisher LSD analysis revealed no significant factor influence for ASF
intensity at the age of 3 months.

The similar analysis for the fit intensity and latencies values in the
same animals at the age of 4.5 months (Table 3) revealed the significant
effects of both factors (strain—F1–2 = 7.5912, p = 0.007659 and
treatment—F1–2 = 5.6260, p = 0.020764). Post hoc LSD criterion
showed significant differences between control and MED groups.

The fit latency, being very brief in KM rats (usually 2–4 s), was lon-
ger in rats of both strains tested (Table 3), and two factor ANOVA
showed the significant effect of the factor “treatment” (F1–2 = 4.29,
p = 0.042338) on the scores of this variable. The fit latency in groups
afterMEDwas longer,which also indicated a decrease of audiogenic sei-
zure proneness.

The data demonstrated the unidirectional influence of MED on
seizure fit characteristics decrease of seizure proneness in rats treated
withMED. The proportions of animals which did not develop audiogenic
fit after sound exposure in control and MED groups of strain “0” were
18.2% and 33.3% respectively, while in strain “4” the respective values
were 18.2% and 18.5%. This fact indicated that MED decreased the fit
intensity mainly in “0” selected rats, although as shown in Table 3 the
decrease of mean fit intensity and the increase of fit latency in the “4”
strain occurred also in values not significantly different from controls
(p N 0.05).

Audiogenic kindling scores in rats of both strains did not reveal the
influence ofMED. Regular daily sound exposure during 24 days resulted
in the development of myoclonic hyperkinetic partial seizures in all rats
of “4” strain, similar to those described for rats of KM strain (Poletaeva
et al., 2011) and rats of other audiogenic epilepsy prone strains as
well. These partial seizures involved head and forepaw muscles which
developed in the course of ASF or after it. No signs of audiogenic
kindling both in control and MED groups were noticed in strain “0”
rats. No differences in kindling parameters in strain “4” groups (MED
vs controls) were found.

3.3. Changes in methylation of DNA regions

The differences in methylation of genes chosen for analysis are
shown in the Table 4.

The methylation levels of genes Irf4, Mta1, Hspa1b and Tcfap2e in
control and MED groups were similar. Other genes demonstrated both
inter strain differences and differences between MED and control
groups. The gene Cpne6 gene was significantly highly methylated
(p b 0.01) in the MED group of strain “4” in comparison to “0” MED,
and it was significantly (p b 0.05) more methylated in strain “0”
controls in comparison to MED “0” group. The methylation of general
transcription factor II I (Gtf2i) gene was significantly higher in control
group of strain “0” in comparison to strain “4” controls, although MED

http://frodo.wi.mit.edu/primer3/
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Table 3
Audiogenic fit intensities and latencies in rats of “0” and “4” groups in control and “Med” conditions.

Genotype Group Fit intensity, age 3 months& Fit intensity, age 4.5 months& Fit latency, age 3 months, s Fit latency, age 4.5 months, s

“0” “MED” 1.76 ± 0.41 2.03 ± 0.32⁎ 49.83 ± 12.21 44.66 ± 9.34#

“0” “control” 2.59 ± 0.51 3.09 ± 0.41 28.09 ± 15.62 17.18 ± 11.95
“4” “MED” 3.09 ± 0.51 3.23 ± 0.26 24.45 ± 15.62 24.36 ± 11.95
“4” “control” 2.76 ± 0.32 3.85 ± 0.26 35.33 ± 9.97 8.81 ± 7.63

& In arbitrary scores, see Methods.
⁎ Significantly different from scores of control group, p b 0.05.
# Different from scores of control group (tendency, p b 0.075).
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induce significant (p b 0.01) increase in methylation in strain “4” only.
The methylation of Sctr1 gene was different (p b 0.05) in two control
groups. It was also different in two MED groups as well (p b 0.05),
being higher in “4”. The methylation levels were also different between
the control andMED groups in both “0” and “4” rats. At the same time in
strain “0”MED groupmethylation was higher than in controls, while in
strain “4”—the pattern of differences was the reverse.

Gene Sfmbt (its product -Scm-like with four mbt) domains) (Lee et al.,
2013) is highly methylated in both control groups (60% and 70%,
Table 3); its methylation did not change as the result of MED in strain
“4”, and it was significantly (p b 0.05) higher in MED “0” brains in
comparison to strain “4” sample. The methylation levels of Phe2 gene
(polyhomeiotic homolog 2 product) were significantly (p b 0.05)
different between control groups of two strains with higher values for
strain “4”.
4. Discussion

4.1. Possible explanations of data

No differences in methylation levels in control and MED groups of
Irf4, Mta1, Hspa1b and Tcfap2e genes were found as the result of MED.
The hypomethylation of these genes was reported for SE and hyperme-
thylation—for SE + tolerance procedure in Miller-Delaney et al. (2012)
study. These data could indicate rather large differences in molecular
mechanisms of seizures in ASF and kainic acid–SE models. It should be
also mentioned that Hspa1b gene, which codes for the respective heat-
shock protein 70 kD was in this group is of certain interest. It was
shown earlier that infusion of heat-shock inducible protein (heat shock
70 kDi) into the brain of KM rats decreased the intensity of ASF in
these animals (Khudik et al., 2011).

Gene Cpne6 is coding for the copine VI (neuronal) phosphatidylserine
binding protein. This protein provides the calcium-dependent binding of
phospholipids in associationwithmembranes. This genewas frequently
found in amplified state in cases of malignant malformations
(Nakayama et al., 1999). The methylation of this gene was higher in
MED “4” brains, significantly lower in “0” MED brains and could be
Table 4
The genes in which the methylation level in the brain tissue changed as the result of MED.

An

Gene Gene product “4”

Cpne6 Copine VI (neuro-nal) phosphatidyl-serine binding 35
Gtf2i General transcription factor II I No
Hmga2 High mobility group AT-hook 2chromo-somal architecture protein No
Hspa1b Heat shock 70 kD protein 1B 20
Irа4 Interferon regulatory factor 4 No
Mta Metastasis associated 1 No
Phc2 Polyhomeotic homolog 2 30
Scrt1 Scratch homolog 1, zinc finger protein 50
Sfmbt2 Scm-like with four mbt domains 60
Tcfap2e Transcription factor AP-2 epsilon 40
presumably associated with the decrease in the ASF intensity in “0”
MED group (it should be reminded that group MED of “0” strain re-
vealed the low ASF intensity). Thus the pattern of differences for this
genemethylation was in a way opposite to that which could be expect-
ed (as methylation of DNA is thought to reduce gene expression). This
phenomenon could be explained by the complicated nature of relation-
ships between brain cells membrane processes and ASF proneness. It
should be mentioned that in KM rats the ASF development was
influenced by the intensity of oxidative stress processes (see Poletaeva
et al., 2011). The general transcription factor II I (Gtf2i) gene is expressed
during early ontogeny (Bayarsaihan et al., 2012) and thus could
participate in the development of brain regions which influence brain
excitability levels.

Scrt1 gene is coding for zinc-finger protein (scratch homolog 1, zinc
finger protein SCRATCH1), which participates in the ontogenetic processes
and has homologues practically in all taxons (Bastid et al., 2010). The
levels of Sctr1 methylation were significantly different (p b 0.05) in all
four groups and it is difficult to find the explanation for these results, as
the function of this gene is not well known. This gene belongs to the
neural-specific Snail family transcriptional repressor (Nakakura et al.,
2001) and was shown to be predominantly confined to the brain and
spinal cord, appearing in newly differentiating, post-mitotic neurons
and persisting into postnatal life.

The intergroup differences in methylation of gene Sfmbt followed
mainly the differences in ASF (the decrease of ASF in MED “0” group).
Mice with null mutation in this gene showed defects which resembled
the symptoms of Williams–Beuren syndrome, i.e. the dysfunction of
this gene affects CNS development rather seriously (Schneider et al.,
2012).
4.2. General discussion

The study of epileptogenesis mechanisms is very important for
clinic, and it requires different approaches and various experimental
designs. The interference into brain development, which was different
by type from that of MED, could affect the ASF as well, as was shown
in our previous work (Poletaeva et al., 2012). In this study KM and
imal group, the level of methylation (in %)

, control. “4”, MED. “0”, control. “0”, MED.

% 50% 30% Not methylated
t methylated 40% 30% 32%
r methylated 10% 10% 10%
% 20% 20% 20%
t methylated Not methylated Not methylated Not methylated
t methylated Not methylated Not methylated Not methylated
% 20% 10% 10%
% 30% 30% 35%
% 60% 70% 80%
% 40% 40% 40%



25I.I. Poletaeva et al. / Pharmacology, Biochemistry and Behavior 127 (2014) 21–26
Wistar rat pups of the first days of life were injected with neuropeptide
Semax (synthetic analogue of ACTH 4–10 fragment) during either the
first or the second weeks of life and tested for ASF proneness at
3 months of age. The decrease in ASF intensitywas found in experimen-
tal animals as remote effects of that treatment, similarly to MED which
was also a mild intervention into brain development processes and
there was a change in ASF intensity.

Thefinding of significant inter strain differences inmethylation levels
between control “0” and “4” groups for 3 genes among 10 chosen for
analysis (Gtf2i, Phc2, Scrt1) is of interest, although interpretation of
these results is rather difficult. The three genesmentioned are the partic-
ipants of signaling cascades active during early ontogeny. Audiogenic
prone rats (KM, GEPR and WAR strains) have numerous neurochemical
deviations in neurotransmitter systems (monoaminergic, glutamatergic,
GABAergic etc.). The involvement of early developmental events in the
genesis of ASF pathological trait could be connected to the epigenetic
regulation of these genes.

Gene analysis did not reveal a pattern of differences in methylation
parallel to thosewith audiogenic proneness (with the probable exception
of gene Sfmbt). Different interpretations of these results could be given.
The pattern of methylated–demethylated status of genes involved in
the epileptogenesis could depend on the type of seizures, i.e. on the ex-
perimental model chosen for study. In case of ASF the epileptic discharge
starts in the medulla, quickly spreads to the midbrain and afterwards to
forebrain structures. ASF is the generalized seizure state which develops
quickly and is uniform in form across all rodents species analyzed. ASF
is thus different “structurally” from limbic seizures (Pallud et al., 2011)
and the pattern of genetic regulation could also be not identical. The dif-
ferences of temporal lobe epilepsy and the generalized seizures in human
are alsowell known (de Lanerolle and Lee, 2005; Bartolomei et al., 2008).

The plausible differences in epigenetic regulation of seizure prone-
ness are of course not restricted to 10 genes chosen for analysis in this
work. And it is also possible that the increase of methylation in genes
which promote the seizure inhibition could also occur (inducing thus
the increase in fit intensity). Nevertheless, we should stress that chang-
es (decrease of fit severity) were demonstrated in audiogenic epilepsy
as the result ofMED, which acted during pre- and early postnatal ontog-
eny. In the present work changes in audiogenic seizures scores (the
trait, which has the definite genetic component) were demonstrated
for the first time which were the result of increased methylation
“load” during the prenatal and early postnatal ontogeny. Changes in
the methylation levels of several genes, which were described, prove
that the MED technique is effective in modulation brain DNA methyla-
tion. The data also demonstrate the high phenotypic complexity of the
audiogenic seizures, and we think that these results show that MED
could be rather powerful tool for modulation seizure proneness in
other seizure models.

5. Conclusions

1. Methyl enriched diet during prenatal development and first days of
postnatal ontogeny of pups induced a significant decrease in the
intensity of audiogenic seizure fit in rats of the strain, less prone to
audiogenic seizures.

2. The maternal food enrichment with ingredients, which presumably
can increase DNA methylation, resulted in changes of methylation
pattern in genes (Cpne6, Gtf2i, Sctr,1 Sfmbt, Phe) of their progeny.
According to present knowledge some of these genes are members
of signaling cascades which are active during early ontogeny.
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