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Abstract Identification of compounds preventing the

biochemical changes that underlie the epileptogenesis

process is of great importance. We have previously shown

that myo-Inositol (MI) daily treatment prevents certain

biochemical changes that are triggered by kainic acid

(KA)-induced status epilepticus (SE). The aim of the cur-

rent work was to study the further influence of MI treat-

ment on the biochemical changes of epileptogenesis and

focus on changes in the hippocampus and neocortex of rats

for the following GABA-A receptor subunits: a1, a4, c2,

and d. After SE, one group of rats was treated with saline,

while the second group was treated with MI. Control

groups that were not treated by the convulsant received

either saline or MI administration. 28–30 h after the

experiment, a decrease in the amount of the a1 subunit was

revealed in the hippocampus and MI had no significant

influence on it. On the 28th day of the experiment, the

amount of a1 was increased in both the KA- and

KA ? MI-treated groups. The a4 and c2 subunits were

strongly reduced in the hippocampus of KA-treated ani-

mals, but MI significantly halted this reduction. The effects

of MI on a4 and c2 subunit changes were significantly

different between hippocampus and neocortex. On the

twenty-eighth day after SE, a decrease in the amount of a1

was found in the neocortex, but MI treatment had no effect

on it. The obtained results indicate that MI treatment

interferes with some of the biochemical processes of

epileptogenesis.

Keywords Epilepsy � Kainic acid � Epileptogenesis �
Myo-Inositol � c-Aminobutyric acid receptor subunits

Introduction

Epilepsy is a heterogeneous group of disorders. It is the

most common neurologic disorder after stroke, with a

2–3 % life time risk that a patient may receive a diagnosis

of epilepsy (Browne and Holmes 2001). The available

therapy against epilepsy is only symptomatic and often

ineffective (Loescher et al. 2008). The most important

challenge is to prevent the process of epileptogenesis

(Loescher et al. 2008), not merely to treat its symptoms. At

present, there is no anti-epileptic drug (AED) that performs

this function (Loescher et al. 2008). Thus, the search for

truly anti-epileptogenic drugs is of outstanding importance

for modern biomedical sciences.

A series of our previous experiments have revealed that a

water extract of the medicinal plant Aquilegia vulgaris con-

tains compounds that alter the binding of ligands to the ben-

zodiazepine and c-aminobutyric acid (GABA) binding sites of

the GABA-A receptors (GABA-AR) (Solomonia et al. 2004).

We have identified two main active compounds from this

extract: (1) myo-Inositol (MI) and (2) Oleamide a––sleep-

inducing lipid (Solomonia et al. 2004). MI was not previously

known to be a compound acting on GABA-AR, and hence

was not expected to influence the 3H-muscimol binding.

Nevertheless, we confirmed that MI was indeed the com-

pound inhibiting 3H-muscimol binding. We also showed that

MI increases 3H-MK-801 (a NMDA receptor antagonist)

binding to rat brain membranes (Solomonia et al. 2004).
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Further, we have demonstrated that intraperitoneal pre-

treatment of animals with MI significantly decreases the

severity of SE seizures that are induced either by kainic

acid (KA) or by pentylentetrazol (PTZ) (Solomonia et al.

2007). Moreover, our recent experiments have shown that

another representative of inositols, namely scyllo-inositol

(SCI), also significantly reduces the severity score and

duration of PTZ-induced convulsions (Nozadze et al.

2011). Our electron-microscopic studies indicate that MI

pretreatment before KA-induced SE exerts a strong neu-

roprotective action on the neuronal degeneration in hip-

pocampus that was induced by KA (Zhvaniia et al. 2007).

As the doses of administered inositols in all our experi-

ments (Nozadze et al. 2011; Solomonia et al. 2007, 2010;

Zhvaniia et al. 2007) were within the range of physiologic

concentrations, we have proposed that, in addition to other

known functions in the brain (Fisher et al. 2002), MI and

SCI may act as endogenous regulators of seizure activity

(Nozadze et al. 2011).

To explore whether MI exerts its action not only on

acute SE seizures but also on SE-induced epileptogenesis,

we first induced SE by KA, and then initiated daily MI

treatment 6 h later. The daily MI treatment (30 mg/kg)

over the course of 28 days attenuated certain biochemical

changes which were associated with the process of epi-

leptogenesis. Namely, we have demonstrated that KA

treatment decreases the levels of the GLUR1 subunit of

AMPA-glutamate receptors, as well as the levels of cal-

cium-calmodulin-dependent protein kinase II (CaMKII) in

the hippocampus. These alterations were almost com-

pletely reversed by daily MI treatment (Solomonia et al.

2010).

A number of molecular changes take place during the

early and latent phases after KA-induced SE, which may

contribute to the process of epileptogenesis (Brooks-Kayal

et al. 2009; Majores et al. 2007; McNamara et al. 2006).

Therefore, the candidate compounds for epileptogenesis

prevention should be studied thoroughly for their effects. In

this paper, we examine the influence of MI daily treatment

on changes in GABA-AR subunit amounts after KA-

induced SE.

GABA-ARs are heteropentamers formed by the assem-

bly of multiple subunits that generate a wide array of

receptors (for a recent review see Olsen and Sieghart

2009). The process of epileptogenesis is associated with

changes in the expression and function of GABA-ARs

(Friedman et al. 1994; Kharlamov et al. 2011; Sperk et al.

1998; for a review see Gonzalez and Brooks-Kayal 2011).

Various drugs that enhance GABAergic inhibition are

commonly used as AEDs. Identification of the mechanisms

involved in GABA-AR malfunction during epileptogenesis

and the ability to reverse this malfunction are crucial steps

toward developing specific and effective therapies.

Among the numerous subunits of GABA-ARs, we

decided to focus on the following ones: a1, a4, c2, and d.

The reasons for this selection are (i) the expression of these

subunits undergoes time-dependent changes during epi-

leptogenesis and following epilepsy (Friedman et al. 1994;

Gonzalez and Brooks-Kayal 2011; Sperk et al. 1998) and

(ii) a1 and c2 are found in synapses and participate in

phasic inhibition (Mangan et al. 2005; Nusser and Mody

2002), whereas a4 and d subunits are crucial for tonic

inhibition and are predominantly expressed in extrasynap-

tic location (Jia et al. 2005; Wei et al. 2003). Both types of

inhibitions are modified in epilepsy (Pavlov et al. 2011;

Zhang et al. 2007).

Materials and Methods

Animal Treatment

KA Treatment

Male Wistar rats of 2.5–3 months in age received an

intraperitoneal injection of KA (10 mg/kg, Sigma) dis-

solved in saline. Each animal was placed into an individual

plastic cage for observation lasting 4 h. Seizures were

scored according to a modified Racine scoring system from

0 to 6 (Clement et al. 2003; Racine 1972; Solomonia et al.

2010). Twenty-eight animals with seizures of grades 4–6

were selected. Four KA-treated animals died within the

first few days and experiments were done on 24 animals.

The same amount of control rats received saline injections.

MI Treatment and Time Schedule

Experiments were carried out on four groups of Wistar rats.

Each group was divided in two subgroups according to the

time of decapitation (the first or the twenty-eighth day after

the start of the experiment). The first and second groups

each consisted of 24 animals. Six hours following KA

treatment, the first group received a saline injection

(KA ? SAL group), while the second group received an

MI (30 mg/kg) injection (KA ? MI group). Each of these

two groups was divided further into two subgroups

according to the time of decapitation. The next morning,

half of the KA ? SAL group received a saline injection,

while half of the KA ? MI group received MI injections.

Animals from both subgroups were killed 10 h afterward

[time corresponding to the 28–30 h following KA treat-

ment (first day)]. Remaining rats were treated twice daily

either by saline (KA ? SAL group) or MI (KA ? MI

group) during the following 27 days and then decapitated.

Spontaneous seizures in KA-treated animals during the

first month are rare, but could take place prior to the
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twenty-eighth day (Williams et al. 2009). If such seizures

take place a few days before the second time-point

decapitation, it is possible that the detected changes are the

consequence of acute seizure, but not of the long-term

process of epileptogenesis. Therefore, starting on the

twenty-fourth day of the experiment, the rats were moni-

tored by infrared video system for 24 h a day. In the

experimental animals, no seizures were observed.

The third and fourth groups of animals were not treated

by KA. Rats in one group received saline (CON ? SAL),

while another group received MI injections (30 mg/kg,

CON ? MI) twice a day. They were killed according to the

same time schedule as groups treated with KA. The dia-

gram of experimental design is provided in Fig. 1. During

the whole experiment, the rats were housed in cages with

free access to water and food. All experiments were carried

out at the I.Beritashvili Center of Experimental Biomedi-

cine and were performed in compliance with approved

institutional animal care guidelines.

After decapitation, two regions were removed from each

brain––hippocampus and neocortex—and frozen immedi-

ately on dry ice. The number of animals used was esti-

mated to be the minimum required for adequate statistical

analysis (Solomonia et al. 2010).

Electrophoresis and Immunoblotting

The nuclear-free homogenate fractions from brain tissue

samples were obtained as described earlier (Solomonia et al.

2010). In all fractions, the protein concentration was deter-

mined in quadruplicate using a micro bicinchoninic acid

protein assay kit (Pierce). Aliquots containing 30 lg of

protein and of equal volume were applied to the gels. SDS

gel electrophoresis and Western blotting were carried out as

described previously (Solomonia et al. 2010). After the

protein had been transferred onto nitrocellulose membranes,

the membranes were stained with Ponceau S solution to

confirm the transfer and the uniform loading of the gels.

For the detection and quantification of GABA-ARs

subunits, the following antibodies were used: (i) for a1-

rabbit polyclonal to GABA-AR a1 (ABCAM-ab 33299);

(ii) for a4-rabbit polyclonal to GABA-A receptor a4

(ABCAM-ab 73874); (iii) for c2-rabbit polyclonal to

GABA-AR c2 (ABCAM-ab 4073); and (iv) for d-rabbit

polyclonal to GABA-AR d (ABCAM-ab 37363). The

molecular weights of the GABA-AR subunits studied are in

close proximity to each other (see ‘‘Results’’). Therefore,

separate electrophoresis and blotting were carried out for

the d ? c2 subunits and the a1 ? a4 subunits. The nitro-

cellulose membranes were cut into two parts. In all cases,

to detect the expression of total actin––an internal loading

control––the lower parts of the membranes were stripped,

reblocked, and stained with a primary monoclonal anti-

actin antibody (Santa Cruz Biotechnology Inc, sc-81760).

Standard immunochemical procedures were carried out

using peroxidase-labeled secondary antibodies and Super-

Signal West Pico Chemiluminescent substrate (Pierce)

(Solomonia et al. 2010). The optical densities of bands

corresponding to the a1, a4, d, and c2 subunits and actin

were measured using LabWorks 4.0 (UVP). The autora-

diographs were calibrated by including in each gel four

standards comprising the homogenate fraction from the

brain of untreated rats. Each standard contained 15–60 lg

total protein. Optical density was proportional to the

amount of a1, a4, d, and c2 (see Fig. 2). To obtain the data

given in Fig. 3 the optical density of each band from an

experimental sample was divided by the optical density

which, from the calibration of the same autoradiograph,

corresponded to 30 lg of total protein in the standard

(Solomonia et al. 2010). Data expressed this way will be

referred to as ‘‘relative amount’’ of subunits. Data from the

experimental stained bands were not normalized with

respect to actin staining because such normalization has

been found to be an unreliable loading control (Dittmer and

Dittmer 2006).

Statistical Analysis

Overall statistical analysis was done by factorial analysis of

variances with the following factors: 1. experimental

Fig. 1 The diagram of

experimental design
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condition (CON ? SAL; CON ? MI; KA ? SAL; and

KA ? MI); 2. subunit (a1, a4, c2, and d); 3. brain region

(Hippocampus and Neocortex); and 4. time (1st day and

28th day).

Further statistical analysis was done by the one-way

analysis of variances (one-way ANOVA) for each subunit,

region, and time point separately. Planned comparisons

were made between all groups (CON ? SAL, CON ? MI,

KA ? SAL, and KA ? MI) at a defined time point, region,

and subunit (e.g., hippocampus, 28th day , a1 subunit) by

t tests.

To compare whether MI treatment effects are signifi-

cantly different between the hippocampus and neocortex

following type of analysis was carried out, data from

KA ? MI groups were expressed as a percentage of the

mean of the corresponding KA ? SAL group and obtained

data compared between the regions by two-sample t test.

All statistical tests were two tailed and all significant dif-

ferences are reported.

Results

Immunostaining Patterns

The polyclonal anti-GABA-AR a1-specific antibody detec-

ted immunoreactive bands at 51 kDa, which corresponded to

the size of the a1 subunit protein (De Blas 1996, Fig. 2a, b).

The polyclonal anti-GABA-AR a4 antibody bound to spe-

cific immunoreactive band at 67 kDa, which corresponded

to the size of the a4 subunit protein (Bencsits et al. 1999,

Fig. 2c). The polyclonal anti-GABAAR c2 antibodies

detected immunoreactive bands at 46 kDa, which corre-

sponded to the size of the c2 subunit (Tretter et al. 1997.

Fig. 2d). Finally, antibodies against the GABA-AR d sub-

unit reacted with the specific immunoreactive band at

55 kDa, corresponding to the size of the d subunit protein

(Joshi and Kapur 2009, Fig. 2e). The optical densities of the

bands were linearly related to the amounts of proteins in the

bands (see calibration plots for a1, a4 c2, and d, Fig. 2a–e).

Fig. 2 Representative Western blot autoradiographs of homogenate

fractions of rat brain hippocampus and neocortex from four groups of

rats on 28th day of the experiment (see Animal Treatment). Blots

were stained with antibodies against a1 (a, b), a4 (c), c2 (d), and d (e).

The optical densities of the bands were linearly related to the amount

of proteins in the bands (see calibration plots for a1, a4, c2, and d).

Each lane was derived from a single sample. Lanes 1–3 and 13–15 are

samples from the CON ? SAL group (a–e); lanes 4–6and 16–18 are

from the CON ? MI group (a–e); lanes 7–9 and 19–21 are from the

KA ? SAL group (a–e); lanes 10–12 and 22–24 from the KA ? MI

group (a–e)
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Overall Statistical Analysis

Factorial analysis of variances with the following factors:

1. experimental condition, 2. Subunit, 3. brain region, and

4. time, revealed that the effects of experimental condition

and subunit were significant (correspondingly F3,320 =

3.40, p = 0.018 and F3,320 = 7.00, p = 0.0001). Interac-

tion between all 4 factors (experimental condition 9 sub-

unit 9 region 9 time) was also significant F9,320 = 2.30,

p = 0.0163. This was the reason for applying separate

analysis for each subunit within the defined brain region at

a given time point.

Hippocampus: Day One

Among all the proteins studied only the amount of the

a1 subunit was significantly influenced by experimental

conditions (Table 1). The mean amount of the a1 subunit

was significantly reduced in the hippocampus of the

KA ? SAL and KA ? MI groups as compared to the two

control groups (KA ? SAL vs. CON ? SAL, t = 4.51,

p = 0.001; KA ? SAL vs. CON ? MI, t = 3.01,

p = 0.013; KA ? MI vs. CON ? SAL, t = 3.65,

p = 0.004; KA ? MI vs. CON ? MI, t = 2.69,

p = 0.023; for all comparisons df = 10), (Fig. 3a).

Neocortex: Day One

No significant changes were detected for any of the pro-

teins studied.

Hippocampus: Day Twenty-eight

a1 Subunit

The amount of a1 subunit in the hippocampus was sig-

nificantly influenced by the experimental condition

(Table 1). The mean amount of the subunit was signifi-

cantly higher in the KA ? SAL and KA ? MI groups than

in the control groups (KA ? SAL vs. CON ? SAL,

t = 2.69, p = 0.023; KA ? MI vs. CON ? SAL,

t = 6.18, p = 0.0001; KA ? MI vs. CON ? MI, t = 3.72,

p = 0.004; for all comparisons df = 10). The difference

between the KA ? SAL and CON ? MI groups was sig-

nificant only on the one-tailed test (t = 2.14, p = 0.029).

Fig. 3 Mean relative amounts of a1 (a, b), a4 (c), and c2 (d), in the

rat brain hippocampus and a1 of neocortex (e) from four group of rats

on the first (a) and twenty-eighth (b–e) day of the experiment. The

error bars represent standard errors of the means. a Hippocampus a1

subunit, first day of experiment; b hippocampus a1 subunit, twenty-

eighth day of experiment; c hippocampus a4 subunit, twenty-

eighth day of experiment; d hippocampus c2 subunit, twenty-

eighth day of experiment; e neocortex a1 subunit, twenty-eighth day

of experiment; *p \ 0.05; **p \ 0.01; ***p \ 0.001. For more

detailed information about the significance of these differences see

the ‘‘Results’’ section
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There were no differences between KA-treated groups or

the two control groups (Fig. 3b)

a4 Subunit

The effect of the experimental condition on the amount of a4

subunit was highly significant (Table 1). KA-induced SE

was followed by a decrease of the mean amount of protein

as compared to all three other groups (KA ? SAL

vs. CON ? SAL, t = 5.99, p = 0.0001; KA ? SAL vs.

CON ? MI, t = 5.46, p = 0.0001 and KA ? SAL vs.

KA ? MI, t = 8.90, p \ 0.0001). MI treatment after KA-

induced SE not only restored the amount of a4 but also

increased it significantly compared to the control groups

(KA ? MI vs. CON ? SAL, t = 3.09, p = 0.011 and

KA ? MI vs. CON ? MI, t = 5.46, p = 0.0001) (Fig. 3c).

No differences were observed between the control groups.

MI effect in hippocampus for a4 subunit at 28th day was

significantly different as compared to the neocortex

(t = 6.38, p \ 0.0001, df = 10, see ‘‘Statistical Analysis’’).

c2 Subunit

The experimental condition significantly influenced the

amount of c2 subunits in the group of rats (Table 1). In the

KA ? SAL group, the drastic reduction of this subunit was

observed compared to the two control groups (KA ? SAL

vs. CON ? SAL t = 7.71, p = 0.0001; KA ? SAL vs.

CON ? MI, t = 7.10, p = 0.0001) as well as compared to

the KA ? MI group (t = 12.94, p = 0.0001). The mean

amount was higher in the KA ? MI group compared to the

CON ? MI group (t = 2.37, p = 0.039, Fig. 3d). No sig-

nificant differences were observed between the control

groups (Fig. 3d). Thus, MI treatment restored the amount

of this subunit to the normal level. MI effect in hippo-

campus for c2 subunit at 28th day was significantly dif-

ferent as compared to the neocortex (t = 9.37, p \ 0.0001,

df = 10, see ‘‘Statistical Analysis’’).

d Subunit

No significant changes were found by ANOVA for this

subunit.

Neocortex: Day Twenty-eight

a1 Subunit

The amount of the a1 subunit in the neocortex was sig-

nificantly influenced by the experimental condition

(Table 1). KA treatment decreased the amount of protein in

both the KA ? SAL and KA ? MI groups as compared to

the control groups (CON ? SAL vs. KA ? SAL, t = 4.38,

p = 0.001; CON ? SAL vs. KA ? MI, t = 4.91, p =

0.001; CON ? MI vs. KA ? SAL, t = 5.22, p = 0.0001;

CON ? MI vs. KA ? MI, t = 6.25, p = 0.0001). There

was no difference between KA-treated groups or between

the control groups. Thus, in the neocortex, MI has no effect

on KA-induced changes in the amount of the a1 subunit

(Fig 3e).

a4, Gamma-2 and Delta Subunits

No significant changes were found for any of these

proteins.

Discussion

In our previous work, with the same type of experimental

design, we have shown that MI treatment significantly halts

the drastic reduction of CaMKII and GLUR1 in the hip-

pocampus of KA-treated rats (Solomonia et al. 2010). In

the current work, we have further investigated MI effects

on the molecular changes of KA-induced epileptogenesis.

Now, we have targeted the subunits of GABA-ARs.

Numerous changes in GABA-AR subunits occur in animal

models and humans with temporal lobe epilepsy (Gonzalez

and Brooks-Kayal 2011). These changes are time-depen-

dent, complex, and include both increased and decreased

expression of several GABA-AR subunits. If in our pre-

vious studies the MI effect was simply opposite to the

changes taking place during epileptogenesis, in the current

case the MI effects were selective and more complex.

a1 Subunit

In the hippocampus, the a1 subunit was decreased 1 day

after KA-induced SE and increased 28 days later. The MI

was without any evident changes on this process.

According to our experimental design, MI treatment is

started 6 h after KA injection. Before decapitation, the

Table 1 Summary of one-way ANOVA results

Hippocampus Neocortex

Day 1 Day 28 Day 1 Day 28

a1 F3,20 7.43 6.70 1.39 17.41

p 0.002 0.003 0.274 \0.0001

a4 F3,20 1.98 32.74 2.01 0.26

p 0.15 \0.0001 0.147 0.854

c2 F3,20 0.1 30.20 1.17 1.80

p 0.960 \0.0001 0.346 0.180

d F3,20 1.71 0.75 0.73 0.78

p 0.197 0.536 0.546 0.517

F variance ratio from one-way ANOVA, p probability
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animals received MI injections only twice, which probably

cannot compensate for this decrease. The late increase of

the a1 subunit could account for a compensatory increase

of the a1 subunit containing GABA-ARs. MI treatment

does not have any additional influence on it.

In the neocortex, decrease of the a1 subunit is observed

on the 28th day after SE. MI has no influence on it. These

data indicate that either MI effects are region specific or MI

treatment does not interfere with a1 subunit expression. For

both brain regions, no differences were observed between

the CON ? SAL and CON ? MI groups.

a4 Subunit

In the hippocampus, on the 28th day after KA treatment, a

decrease in the amount of a4 subunit is observed in the

KA ? SAL group. MI treatment not only restores this

subunit level; however, in the KA ? MI group, it is sig-

nificantly higher compared to the control groups. No dif-

ferences were observed between CON ? SAL and

CON ? MI groups. The a4 subunit is linked to benzodi-

azepine resistance (Olsen and Sieghart 2009). At present, it

is not clear if enhanced expression of the a4 subunit after

MI treatment contributes to the prevention of epilepto-

genesis or not.

c2 Subunit

In the hippocampus of the KA ? SAL-treated group, the

amount of c2 subunit is drastically reduced on the 28th day

after SE. It has been shown that the c2 subunit is mutated

and reduced in some forms of epilepsy (reviewed in

Macdonald et al. 2010). MI treatment restored the amount

of this subunit to normal level. c2 subunits are important

for the assembly of GABA-ARs, their accumulation at

synapses, surface stability, and synaptic clustering (Alldred

et al. 2005; Essrich et al. 1998). Hence, restoration of its

level should normalize the function of the GABA-AR

system. As in the case of the other subunits, no differences

were observed between the control groups.

The GABA-AR subunit distribution and changes in the

hippocampus after KA-induced SE have been studied by

various groups (e.g. Sperk et al. 1998; Friedman et al.

1994). The observed alterations in various subunit

expression were complex, time-related, and depended on

subregion of the hippocampus. Hence, direct comparison

with our results cannot be made since we have explored the

whole hippocampus and not the separate subregions.

As emphasized above, no differences were observed for

either of the studied subunits between the CON ? SAL

and CON ? MI groups, whereas MI treatment had strong

and significant effects on a4 and c2 subunit changes in KA-

treated animals. Thus, MI treatment at physiologic

concentrations targets the biochemical processes initiated

by KA-induced SE and not those of a normal brain. Our

current experiments were focused on biochemical changes

after SE and MI treatment and we have monitored all

experimental rats for the last 5 days. We cannot exclude

the possibility that before this there were some seizures in

each group or there were some seizures detectable only by

electroencephalographic analysis. However, by analyzing

animals which were without behavioral seizures for last

5 days, we have excluded the chance that the observed

differences are caused by acute changes of generalized

seizures. Indeed, changes in GABAAR on first day differ

from changes at 28th day of experiment (e.g., decrease in

a1 on 1st day versus increase on 28th day).

Our previous work has shown the anti-convulsant effects

of MI against KA-induced seizures (Solomonia et al.

2007). Thus, the possibility exists that the differences seen

in receptor expression on the 28th day time- point could be

due to an anti-seizure effect of MI versus an anti-epilep-

togenic effect (i.e., non-MI-treated animals had more sei-

zures than MI treated during the first 24 days). We do not

favor this possibility since even a single pretreatment of

rats with MI before KA-induced SE exerts a strong neu-

roprotective effects on cell damage in the hippocampus on

the fourteenth day of the experiment (Zhvaniia et al. 2007).

What could be the possible mechanism of MI action on

the molecular processes of epileptogenesis after SE? Dur-

ing intense neuronal excitation, a massive intracellular

influx of Na?, Ca2?, and Cl- takes place, which leads to

water inward flow, cellular swelling, and extracellular

space reduction (Choi 1987; Dietzel et al. 1982; Rothman

1985). Under such conditions, various enzymes cannot

function normally. In addition, reduced extracellular space

enhances neuronal excitability (Dudek et al. 1990;

Schwartzkoin et al. 1998). To compensate for this condi-

tion, neuronal and other cells increase the intracellular

concentration of small organic osmolytes by upregulation

of osmoprotective gene expression (Rowley et al. 2011),

which does not perturb the function of the intracellular

enzymes. One such important osmolyte appears to be MI

(Fisher et al. 2002) and one possible mechanism of MI

action could be osmoprotection, which prevents the process

of epileptogenesis. However, based on our previous work

demonstrating influence of MI on 3H-muscimol and 3H-

MK801 binding in vitro (Solomonia et al. 2004), we pro-

pose that inositols could also exert their anti-epileptic

action by the modulation of neuronal activity through

direct influence on GABA-ergic or/and glutamatergic

synaptic transmission, in particular by modulatory action

on the respective postsynaptic receptors.

The process of epileptogenesis is associated with chan-

ges in the expression of myriad genes (Brooks-Kayal et al.

2009; Majores et al. 2007; McNamara et al. 2006). One of
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the major challenges to the epilepsy research community

has been to determine which of these changes contribute to

epileptogenesis, which are compensatory, and which are

non-contributory (Brooks-kayal et al. 2009). Taking into

account the various actions of MI, such as the neuropro-

tective influence on KA-induced SE and following cell

degeneration (Zhvaniia et al. 2007) the anti-convulsive

effects on PTZ and KA-induced seizures (Solomonia et al.

2007; Nozadze et al. 2011), rescuing ability from the

drastic decrease of neuronally important proteins after KA-

induced SE (Solomonia et al. 2010 and current data) and

general osmoprotective properties (see Fisher et al. 2002),

we propose that MI treatment could have an inhibitory

effect on the processes of epileptogenesis.
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