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Abstract
Background  The goal of our study was to examine the long-term effect of vigabatrin (VGB), a γ-aminobutyric acid ami-
notransferase (GABA-AT) inhibitor on clonazepam (CLO), ethosuximide (ETX) and valproate (VPA) anticonvulsive activity 
against pentylenetetrazole (PTZ)-induced seizures in mice.
Methods  VGB was administered for 3 and 7 days. Convulsions were evoked by PTZ at its CD97 (99 mg/kg). The influence 
of CLO, ETX and VPA alone or in combination with VGB on motor performance and long-term memory was analyzed. 
γ-aminobutyric acid (GABA) concentration in mice brain and plasma as well as glutamate decarboxylase (GAD) activity 
was measured.
Results  After 3 days of treatment, VGB in doses up to 500 mg/kg increased PTZ-induced seizure threshold, whereas after 
7 days VGB (at the dose of 125 mg/kg) inhibited clonic seizures in experimental mice. 7 days of VGB administration did not 
change the protective effect of CLO, ETX and VPA against PTZ-induced seizures. 7 days of VGB treatment at a subthreshold 
dose of 75 mg/kg decreased TD50 of ETX and CLO in the chimney test, but did not affect TD50 value for VPA. 7 days of 
VGB administration in combination with AEDs did not affect long-term memory in mice. VGB after 3 days or 7 days of 
administration increased brain GABA concentration. GAD activity was decreased after 3 and 7 days of VGB administration.
Conclusions  The presented results confirm anticonvulsive activity of VGB through GABA metabolism alteration and suggest 
care when combining VGB with ETX or CLO in the therapy.
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Abbreviations
AEDs	� Antiepileptic drugs
CD97	� Convulsive dose
CLO	� Clonazepam
ED50	� Median effective dose

ETX	� Ethosuximide
GABA	� γ-Aminobutyric acid
GABA-AT	� γ-Aminobutyric acid aminotransferase
GAD	� Glutamate decarboxylase
ip	� Intraperitoneally
mTOR	� Mammalian target of rapamycin
PTZ	� Pentylenetetrazole
sc	� Subcutaneously
TCA​	� Trichloroacetic acid
TD50	� Median toxic dose
VGB	� Vigabatrin
VPA	� Valproate

Introduction

Epilepsy is a worldwide neurological disorder affecting 
around 70 million patients [1]. In addition to lowering 
patients’ life quality, epilepsy increases the risk of premature 
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death and may shorten life expectancy by 2–10 years [2]. 
Despite the introduction of many promising antiepileptic 
drugs (AEDs), it is estimated that around one-third of the 
patients suffer from drug-resistant seizure attacks [3]. In 
such patients, treatment with one AED might be ineffec-
tive; however, polytherapy with AEDs apart from clinical 
effectiveness [4] is linked with higher risk of side effects 
[5]. Vigabatrin (VGB, γ-vinyl γ-aminobutyric acid) remains 
one of the most effective AED, especially in drug-resistant 
partial seizures [6].

The main mechanism of VGB action is an irreversible 
inhibition of γ-aminobutyric acid (GABA) transaminase 
(GABA-AT) [7]. Long-term anticonvulsive effect of VGB 
is especially correlated with GABA elevation in the cen-
tral nervous system, without affecting dopamine and nor-
epinephrine levels [8]. However, one of the most important 
inhibitory amino acids, glycine, was shown to potentiate 
VGB effect in a rat model of genetic absence epilepsy [9]. 
In addition, a dose-dependent reduction in glutamate level in 
the rat hippocampus as well as lower aspartate and glutamate 
concentrations in the cortex, hippocampus and cerebellum 
was reported after 12 days of intraperitoneal VGB adminis-
tration [10]. Similar observations were made by Engelborghs 
et al. [11] in audiogenic rats, suggesting that the anticonvul-
sive properties of VGB are not only dependent on GABA-AT 
inhibition.

Experimental data confirmed VGB anti-seizure efficacy 
in pilocarpine-induced seizures in rats [12], amygdala-kin-
dled rats [13] and rats with absence seizures [14]. Moreo-
ver, VGB was effective in pentylenetetrazole (PTZ)-induced 
seizures [15] and kainic acid-induced seizures in rats [16]. 
Neuroprotective properties of VGB, especially in rat hip-
pocampus, were also shown [16]. Interestingly, VGB was 
reported to decrease seizure susceptibility and seizure-
induced mortality in hypobaric hypoxia in rats [17]. Inhibi-
tion of mammalian target of rapamycin (mTOR) pathway 
and glial proliferation in mice is an intriguing novel mecha-
nism of VGB action, showing VGB usefulness in tuberous 
sclerosis treatment [18].

According to clinical data, VGB is useful as an add-on 
therapy in partial onset seizures [19] and infantile spasm 
treatment, especially in tuberous sclerosis [20]. Unfortu-
nately, despite broad anticonvulsive activity and limited 
effect on mood and behavior, VGB may have a negative 
impact on myoclonic [21] and absence seizures [22] or 
patients with concomitant Parkinson’s disease [23] and psy-
chosis [24]. Retinopathy with the development of peripheral 
visual field defects is another reason of VGB treatment dis-
continuation [25].

In a previous study, the effect of acute VGB adminis-
tration on anticonvulsive effect of other AEDs in PTZ-
induced seizures in mice was presented [26]. The goal of 
our study was to analyze the influence of 3 and 7 days of 

VGB administration on clonazepam (CLO), ethosuximide 
(ETX) and valproate (VPA) efficacy in mice challenged 
with seizures evoked by PTZ. To assess VGB side effects, 
motor impairment and long-term memory tests were per-
formed. The concentrations of CLO, ETX and VPA in the 
brain and plasma in mice after VGB administration were 
also analyzed. What is more, the concentrations of GABA 
and glutamate decarboxylase (GAD) activity, a key enzyme 
involved in GABA synthesis, in mice brain homogenates 
were examined.

Materials and methods

Animals

Tests were performed on male Swiss mice (weight 20–27 g, 
age 5 weeks). Animals were housed under standard labo-
ratory conditions in colony cages with water and food 
(Murigran pellets, Bacutil, Motycz, Poland) available 
ad libitum. The examined mice were kept at 20 °C and on 
12-h light–dark cycles. After 7 days of adaptation, the mice 
were divided into experimental groups containing 8–12 
animals. Every experiment was performed between 9 a.m. 
and 1 p.m. Each mouse was tested only once. Experimental 
procedures were accepted by the Local Ethics Committee 
for Animal Experiments in Lublin and are in agreement with 
Directive 2010/63/EU on the protection of animals used for 
scientific purposes. Each mouse was tested only once.

Chemical substances

CLO (Polfa, Warszawa, Poland), ETX (Sigma-Aldrich, 
St. Louis, MO, USA), VPA magnesium salt (ICN Polfa 
Rzeszów, Poland) and VGB (Sabril, Laboratories, Casenne, 
France) were used in the presented study. PTZ was purchased 
from Sigma-Aldrich (St. Louis, MO, USA). PTZ, ETX and 
VPA were prepared as water solutions, whereas CLO and 
VGB were dissolved in a 1% solution of Tween 80 (Sigma-
Aldrich, St. Louis, MO, USA). Every AED was injected 
intraperitoneally (ip) in 0.01 ml/g volume; however, PTZ 
was administered sc in 0.05 ml/g volume, respectively. The 
animals received once daily injections of VGB for 7 days, 
and on the last day the mice were co-administered with one 
of the AEDs tested. CLO and VPA were injected 30 min and 
ETX 45 min before animal testing. AEDs were administered 
at their peak anticonvulsive activity time according to previ-
ous studies [27, 28]. VGB was injected 60 min before every 
test, as reported by Bernasconi et al. [29].

Substances used to analyze GABA brain concentrations 
(glutamic acid, sodium phosphate buffer, ninhydrin, sodium 
carbonate buffer, tartaric acid, copper sulfate pentahydrate, 
hydrochloric acid, trichloroacetic acid, distilled water) or 
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to examine GAD activity (phosphate buffer, glutamic acid, 
pyridoxal phosphate, carbonate buffer, ninhydrin) were pur-
chased from Sigma-Aldrich (St. Louis, MO, USA).

Animal experiments

Seizure activity

The mice received subcutaneously (sc) PTZ at the dose of 
99 mg/kg, which is a convulsive dose (CD97) for PTZ to 
induce clonic convulsions. The mice were then put into clear 
cages (25 × 15 × 10 cm), in which they were observed for 
30 min if clonic seizures occurred. Clonic seizure activity 
was defined as a whole body clonus lasting longer than 3 s 
with the loss of righting reflex.

Chimney test

The influence of AEDs alone or given concomitantly with 
VGB on mice motor performance was analyzed in the 
chimney test as showed by Boissier et al. [30]. The animals 
climbed backward up a plastic tube (3 cm inner diameter, 
25 cm long). Motor impairment was defined by the mice 
having the inability to climb the tube backward within 60 s. 
24 h before drug administration, the mice were pretrained 
and the animals unable to perform the test were excluded 
from the experimental groups (each group comprised 8 ani-
mals). All examined substances were given ip. The obtained 
results were presented as TD50 values of AEDs.

Passive avoidance acquisition and retention tests

The step-through passive avoidance task was performed as 
presented by Venault et al. [31]. After pretreatment the ani-
mals were put in an illuminated box (10 × 13 × 15 cm) con-
nected with a second larger dark container (25 × 20 × 15 cm) 
with an electric grid floor. Every entry into the dark box was 
punished by an electric foot shock (0.6 mA for 2 s). The 
mice which did not enter the dark container in 60 s were 
rejected from the study. The next day (24 h later), the non-
treated animals were again put into the illuminated box and 
the mice avoiding the dark container longer than 180 s were 
qualified as remembering the task. Retention was analyzed 
as a median (s) with 25 and 75 percentiles needed to enter 
the dark box.

Quantification of free plasma and brain 
concentration of antiepileptic drugs levels

AEDs concentrations in plasma and brain were quantified 
according to the method presented by Czuczwar et al. [32] 
and Świąder et al. [33]. The animals received one from the 

studied AED and saline (control group) or VGB (250 mg/
kg) and analyzed AED. After mice decapitation at times 
scheduled for the convulsive test, blood samples (1 ml vol-
ume) were collected into test tubes. Mice brains were rap-
idly removed from the skulls, weighed and homogenized 
with the use of Abbott buffer (1:2, w/v; Abbott Labora-
tories, North Chicago, IL, USA) in an Ultra-Turrax T8 
homogenizer. Then blood samples and brain homogen-
ates were centrifuged at 10,000 rpm (Abbott centrifuge, 
Irving, TX, USA) and transported to a micro-partition sys-
tem (MPS-1, Amicon, Denvers, MA, USA). Afterward, the 
obtained plasma samples and brain supernatants (100 μl) 
were analyzed by immunofluorescence, using an Abbott 
TDx analyzer (Abbott) and reagents as described by the 
manufacturer. To verify the calibration, control plasma 
and brain samples containing AEDs were used. Plasma 
and brain drug concentrations were calculated in μg/ml or 
μg/g of wet brain tissue as a mean ± SD (at least 8 results 
were used).

The analysis of GABA concentration in the mouse 
brain after 7 days of VGB administration

GABA brain level was analyzed in the mouse brain 
homogenates as shown by Lowe et al. [34], in modifica-
tion of Sutton and Simmonds [35]. The reaction mixture 
contained 0.05 M glutamic acid dissolved in 0.2 M sodium 
phosphate buffer at pH 6.4, 14 mM ninhydrin in 0.5 mM 
carbonate buffer at pH 9.9 and copper tartare reagent made 
from 1.6 g Na2CO3, 329 mg tartaric acid and 300 mg of 
CuSO4·5H2O dissolved in 1L of water. The tested groups 
consisted of mice receiving VGB ip in different doses for 
3 days or 7 days. The mice in the control group received an 
adequate amount of vehicle. After decapitation, the mice’s 
brains were removed immediately from their skulls and 
frozen, then weighed and homogenized in 4 ml of ice-cold 
0.01 M HCl. To the samples containing 0.25 ml of the pre-
pared homogenate, 0.25 ml of 0.01 M HCl and 0.5 ml of 
10% trichloroacetic acid (TCA) were added to denature the 
proteins. After the samples were centrifuged at 3000 rpm 
for 20 min, 15 μl of glutamate solution and 200 μl of 
ninhydrin solution were added to 100 μl of the collected 
supernatants. Later, the samples were incubated for 30 min 
at 60 °C. After cooling the samples, 5 ml of copper reagent 
was added to every test tube. 15 min later, the fluorescence 
of the samples was analyzed at 450 nm with an activating 
wavelength of 380 nm. Standards were made by adding to 
homogenate GABA an amount of 12.5–100 μg with 0.2 μl 
of 10% TCA. By replacing glutamate solution with 15 μl 
of 0.2 M phosphate buffer, the tissue blank was made. 
GABA levels were calculated as μg/g of wet brain tissue.
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The analysis of GAD activity in the mouse brain 
after 7 days of VGB administration

Total GAD activity was analyzed in the mouse brain 
homogenates according to the method shown by Lowe et al. 
[34] and modified by Uchida and O’Brien [36]. In experi-
mental groups mice received VGB in different doses. Mice 
in the control group received an adequate amount of vehicle. 
After decapitation the mouse brains were immediately fro-
zen, weighed and homogenized in 4 ml of ice-cold substrate 
buffer made from 10 ml of 0.2 M phosphate buffer at pH 
6.4, 10 ml of 0.1 M glutamic acid in 0.2 M phosphate buffer 
and 0.4 ml of 150 mM pyridoxal phosphate. Next, 0.2 ml of 
brain homogenate was stored at 38 °C for 60 min and then an 
equal volume of 10% TCA was added. The prepared mixture 
was centrifuged for 20 min at 3000 rpm. From the obtained 
supernatant, 0.1 ml was transferred to test tubes and then 
0.2 ml of 14 mM ninhydrin solution in the carbonate buffer 
at pH 9.9 was added. Test tubes were stored at 60 °C for 
30 min and then cooled, and 5.0 ml of copper tartrate was 
administered to the tubes. After 15 min, the fluorescence was 
examined at 450 nm with activating wavelength of 380 nm. 
GAD activity was expressed in micrograms of GABA per 
gram of wet brain tissue.

Statistical analysis

CD50, ED50 and TD50 (95% confidence limits) were calcu-
lated and statistically analyzed by computer probit analy-
sis, according to Litchfield Jr. and Wilcoxon [37]. Results 
obtained from the passive avoidance test were analyzed by 
Kruskal–Wallis test followed by Dunn’s test. AED plasma 
levels were calculated with the use of unpaired Student’s t 
test. GABA brain concentration and GAD activity analysis 
was performed using nonparametric ANOVA Kruskal–Wal-
lis test followed by post hoc Dunn’s test. Results are shown 
as mean ± standard deviation (SD). The p < 0.05 was set as 
statistically significant. ANOVA calculations were carried 
out with GraphPad Prism 6 software.

Results

Effect of 3 and 7 days of VGB administration 
on PTZ‑induced seizures in mice

In the mouse PTZ model, the experimentally derived 
CD97, necessary to induce the clonic phase in mice was 
99 mg/kg. 3 days of VGB administration at the dose of 

250 mg/kg (p < 0.01) and 500 mg/kg (p < 0.001) signifi-
cantly increased the seizure threshold in mice (Fig. 1). 
Moreover, 7  days treatment with VGB at the dose of 
125 mg/kg (p < 0.05), 250 mg/kg (p < 0.01) and 500 mg/
kg (p < 0.001) considerably reduced PTZ-induced seizures 
in mice (Fig. 1).

Effect of 7 days of VGB administration 
on antiepileptic drugs activity against PTZ‑induced 
seizures in mice

VGB administration in doses of 75 mg/kg and 125 mg/
kg for 7 days did not change the anticonvulsive activity 
of clonazepam, ethosuximide and valproate against PTZ-
induced seizures in mice (Fig. 2).

Fig. 1   Influence of 3 and 7 days vigabatrin (VGB) administration on 
PTZ-induced seizure threshold in mice. VGB was injected intraperi-
toneally 60 min before the test. The animals from the control group 
received 1% solution of Tween 80. Each examined group consisted of 
a minimum of ten animals. Presented data are CD50 values (95% con-
fidence limits), calculated as presented by Litchfield Jr. and Wilcoxon 
[37]. *p < 0.05, **p < 0.01, ***p < 0.001
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Effect of 7 days of VGB administration on motor 
impairment after antiepileptic drugs in the chimney 
test in mice

VGB at 75 mg/kg, given for 7 days, significantly impaired 
motor performance in mice treated with ethosuximide 
(p < 0.01) and clonazepam (p < 0.001) by reducing their 
TD50 values (Fig. 3). 7 days of VGB administration had no 

effect on motor coordination in mice receiving VPA and did 
not significantly change TD50 for VPA (Fig. 3).

Effect of 7 days of VGB administration on long‑term 
memory in the passive avoidance test in mice

7 days of VGB administration at the dose of 75 mg/kg alone 
or together with other AED did not affect long-term memory 
in the passive avoidance test in mice (Table 1).

Fig. 2   Influence of 7 days vigabatrin (VGB) administration on antie-
pileptic drug activity against PTZ-induced seizures in mice. Clon-
azepam (CLO) and valproate (VPA) were injected intraperitoneally 
30  min before the test; however, ethosuximide (ETX) was given 
45 min before the test. Animals from the control group received dis-
tilled water. Each analyzed group had a minimum of ten animals. 
Data shown are ED50 values (95% confidence limits), calculated 
according to Litchfield Jr. and Wilcoxon [37]

Fig. 3   Influence of 7 days vigabatrin (VGB) administration on motor 
impairment in mice. Clonazepam (CLO), ethosuximide (ETX) and 
valproate (VPA) were injected intraperitoneally 30 min, 30 min and 
45 min before the test, respectively. Presented data are TD50 values of 
antiepileptic drugs (95% confidence limits), calculated as reported by 
Litchfield Jr. and Wilcoxon [37]. **p < 0.01, ***p < 0.001
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Effect of sub‑chronic 3 and 7 days of VGB 
administration on GABA brain level in mice

Mean GABA concentration in brain homogenates in 
mice after 3  days of experiment in control animals 
was 171.94 ± 15.40  μg/g of wet brain tissue. 3  days of 
VGB administration at the doses of 250 mg/kg, 500 mg/
kg and 750  mg/kg produced a significant elevation of 
GABA brain level in mice to 276.39 ± 20.13  μg/g tis-
sue (p < 0.01), 297.04 ± 68.68 μg/g tissue (p < 0.01) and 
404.07 ± 91.55 μg/g tissue (p < 0.01), respectively (Fig. 4).

After 7 days of experiment, the mean GABA concentra-
tion in brain homogenates in mice was 187.14 ± 19.39 μg/g 
of wet brain tissue. Mice after 7 days of VGB treatment 
at the doses of 500 mg/kg and 750 mg/kg also had higher 
GABA brain levels, calculated as 379.29 ± 68.53 μg/g tis-
sue (p < 0.001) and 433.39 ± 71.14 μg/g tissue (p < 0.001), 
respectively (Fig. 4).

Effect of 3 and 7 days of VGB administration on GAD 
activity in mice brains

The mean GAD activity in brain homogenates in mice after 
3 days of the study in the control group was 1882 ± 200 μg 
GABA/g tissue. 3 days of VGB administration at the doses 
of 125 mg/kg and 250 mg/kg decreased GAD activity in the 
brain homogenates in mice to 1222 ± 367 μg GABA/g tis-
sue (p < 0.01) and 1418 ± 304 μg GABA/g tissue (p < 0.01), 
respectively (Fig. 5).

Additionally, after 7 days of the study the mean GAD 
activity in the brain homogenates in the control mice was 
10,248 ± 490 μg GABA/g tissue. 7 days of VGB admin-
istration at the doses of 125 mg/kg, 250 mg/kg, 500 mg/
kg and 750 mg/kg significantly decreased GAD activity to 
6643 ± 1324 μg GABA/g tissue (p < 0.001), 6414 ± 1211 μg 
GABA/g tissue (p < 0.001), 6704 ± 594 μg GABA/g tissue 
(p < 0.001) and 6619 ± 975 μg GABA/g tissue (p < 0.001), 
respectively (Fig. 5).

Effect of 7 days of VGB administration on plasma 
and brain antiepileptic drug levels in mice

VGB given for 7 days at the dose of 75 mg/kg slightly 
elevated total plasma ethosuximide concentration from 
102.1 ± 9.8 to 117.1 ± 16.7 μg/ml (data not shown), although 

Table 1   The influence of 7  days vigabatrin (VGB) and antiepileptic 
drug administration on passive avoidance retention tests in mice

The presented data are medians with 25 and 75 percentiles of 
12 determinations. The retention was analyzed as a time period 
expressed in seconds during which the animals avoided the dark com-
partment. Results were analyzed with the use of Kruskal–Wallis test 
followed by Dunn’s post hoc test

Substance (mg/kg) Median (25, 75 percentile)

Vehicle 180 180, 180
Vigabatrin (75) 172 145, 180
Ethosuximide (121) 145 116, 180
Ethosuximide (144) 126 112, 180
Ethosuximide (144) + vigabatrin (75) 106 72, 180
Valproic acid (142) 148 94, 180
Valproic acid (148) 154 138, 180
Valproic acid (148) + vigabatrin (75) 116 80, 174
Clonazepam (0.023) 156 124, 180
Clonazepam (0.028) 162 122, 180
Clonazepam (0.028) + vigabatrin (75) 122 106, 178

Fig. 4   Influence of 3 and 7  days vigabatrin (VGB) administration 
on γ-aminobutyric acid (GABA) brain concentration in mice. The 
concentration of GABA is expressed in micrograms per gram of 
wet brain tissue. Data are shown as a mean percentage of control 
GABA production ± SD. Results were analyzed with the nonparamet-
ric ANOVA Kruskal–Wallis test followed by post hoc Dunn’s test. 
**p < 0.01 versus control, ***p < 0.001 versus control

Fig. 5   Influence of 3 and 7 days vigabatrin (VGB) administration on 
glutamate dehydrogenase (GAD) activity in mice brains. The activ-
ity of GAD is expressed in micrograms of GABA per gram of wet 
tissue. Data are shown as a mean percentage of control GABA pro-
duction ± SD. Results were analyzed with the nonparametric ANOVA 
Kruskal–Wallis test followed by post hoc Dunn’s test. **p < 0.01 ver-
sus control, ***p < 0.001 versus control

327



	 M. J. Świąder et al.

1 3

VGB did not affect brain concentrations of ethosuximide. 
On the contrary, VGB did not change the plasma and brain 
level of clonazepam and valproate in the examined mice 
(data not shown).

Discussion

In the present study, it was shown that 3 days and chronic 
7 days of VGB administration suppressed PTZ-induced 
clonic seizures in mice. However, VGB given for 7 days in 
combination with ethosuximide, clonazepam or valproate 
did not substantially change their anticonvulsive activity. 
When compared to single AED injections, VGB in combi-
nation with ethosuximide or clonazepam worsened motor 
coordination in mice. However, after VGB administration 
with valproate, motor disfunction in mice was not observed. 
Additionally, 7 days of VGB administration alone or together 
with ethosuximide, clonazepam or valproate did not signifi-
cantly disturb long-term memory in the passive avoidance 
task in mice. After 7 days of VGB administration, a slight 
increase in ethosuximide plasma concentrations in mice was 
observed, whereas clonazepam and valproate plasma levels 
did not change. Additionally, VGB treatment did not affect 
the brain level of the analyzed AEDs. 3 days and 7 days of 
VGB administration led to a significant elevation of GABA 
concentration in the mouse brains. Moreover, VGB given for 
3–7 days lowered GAD activity in the mouse’s brain.

It is well documented that the anticonvulsive activity of 
VGB is related to an increase in the central nervous sys-
tem GABA level [38, 39]. Except for GABA-AT inhibi-
tion, stimulation of GABA release from synaptosomes is 
also considered as VGB’s mechanism of action [40]. Other 
AEDs, like valproate or clonazepam have also been shown 
to possess GABA enhancing property. A combination of 
GABA-related drugs, especially VGB and gabapentin [41] 
or tiagabine [42], produced favorable additive or synergistic 
interactions depending on drugs fixed ratio in the mouse 
model of PTZ-induced clonic seizures. Unfortunately, the 
anticonvulsive activity of valproate, clonazepam and etho-
suximide was not changed after 7 days of VGB administra-
tion in PTZ-induced seizures in mice. Also, a slight eleva-
tion in plasma concentration of ethosuximide was observed, 
whereas plasma levels of other AEDs were unaffected. Con-
trary to that, Łuszczki et al. [43] have reported that VGB 
given in combination with ethosuximide exerts synergistic 
interaction against PTZ-induced seizures in mice. Addition-
ally, an elevation in ethosuximide brain level was presented, 
although valproate and phenobarbital concentrations did not 
change in the experimental animals. The differences between 
our results and those previously published might be due to 
a longer time of observation in the presented paper. Despite 
the fact that VGB presents great pharmacokinetic profile 

[44], about 17.1% of total plasma of VGB is bound to pro-
tein and may be responsible for drug interactions. Pharma-
cokinetic interactions on cytochrome P-450 level should be 
excluded, since VGB is mainly secreted in the urine and not 
metabolized through liver enzymes [45]. However, 7 days 
of VGB administration seems to be safe and did not signifi-
cantly change the anticonvulsive properties of the examined 
AEDs and their plasma levels.

There has been evidence reporting that besides the anti-
seizure activity, AEDs possess neuroprotective properties. 
In the pilocarpine model of temporal lobe epilepsy, VGB 
was reported to prevent hippocampal damage in rats [46]. 
Cuadrado et al. [47] showed that VGB can slightly decrease 
valproate’s neurotoxicity, with significant increase in brain 
GABA content in the mouse model of PTZ-induced clonic 
seizures. What is more, Gey et al. [48] reported that VGB 
infusion into the subthalamic nucleus in rats lasting 3 weeks 
effectively increases local GABA concentration. Similar to 
that, in our study during 3 or 7 days of VGB administra-
tion, a significant elevation in brain GABA concentration 
was observed in mice, with concomitant reduction in GAD 
activity. This result seems to be expected, since lower GAD 
activity was previously linked with VGB activity, especially 
after its prolonged administration [49]. In fact, there is a 
growing body of evidence suggesting that GABA analogs 
decrease GAD and GABA-AT brain activity in a similar 
manner [50]. Comparable results were demonstrated by 
Rimvall et al. after incubating cerebral cortical neurons cul-
tures with VGB [51].

In conclusion, the presented results indicate that 3 days 
or 7 days of VGB treatment provides an effective anticon-
vulsive effect in PTZ-induced seizures. Lack of significant 
pharmacokinetic interactions with AED confirms the safety 
of long-term VGB administration.
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