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summary, BBG does not possess any remarkable anticon-
vulsant potential in acute seizure models in mice.
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Abbreviations
AEDs  Antiepileptic drugs
ATP  Adenosine 5′-triphosphate
BBG  Brilliant blue G
ip  Intraperitoneally
iv  Intravenously
MEST  Maximal electroshock seizure threshold
PTZ  Pentylenetetrazole
sc  Subcutaneously
SEM  Standard error of the mean

Introduction

Epilepsy is a common and chronic disorder experienced by 
about 65  million people across the globe. It is character-
ized as recurrent unprovoked seizures which are transient 
signs and/or symptoms of abnormal excessive and/or syn-
chronous action of neurons in the brain [1]. Despite the 
fact that numerous antiepileptic drugs (AEDs) have been 
introduced in past decades, about one-third of affected pop-
ulation remains refractory to current treatment, and many 
others experience severe side effects such as sedation and/
or cognitive dysfunction. Moreover, all available AEDs 
enable only symptomatic treatment and they cannot cure 
or prevent the disease. Therefore there is still an unfulfilled 
need to identify new agents with a better side effects profile 
to control drug-resistant seizures and to prevent or impair 
process of epileptogenesis [2, 3].

Abstract Epilepsy is one of the most common neurologi-
cal disorders which is diagnosed in around 65 million peo-
ple worldwide. Clinically available antiepileptic drugs fail 
to control epileptic activity in about 30% of patients and 
they are merely symptomatic treatments and cannot cure or 
prevent epilepsy. There remains a need for searching new 
therapeutic strategies for epileptic disorders. The P2X7 
receptor has been recently investigated as a new target in 
epilepsy treatment. Preclinical studies revealed that P2X7 
receptor antagonists have anticonvulsant properties in some 
models of epilepsy. We aimed to investigate whether P2X7 
receptor antagonist—brilliant blue G (BBG)—is able to 
change seizure threshold in three acute seizure models in 
mice, i.e., in the intravenous pentylenetetrazole seizure 
threshold, maximal electroshock seizure threshold and 
6 Hz psychomotor seizure threshold tests. BBG was admin-
istered acutely (50–200 mg/kg, 30 min before the tests) and 
sub-chronically (25–100 mg/kg, once daily for seven con-
secutive days). Moreover, the chimney and grip strength 
tests were used to estimate the influence of BBG on the 
motor coordination and muscular strength in mice, respec-
tively. Our results revealed only a week anticonvulsant 
potential of the studied P2X7 receptor antagonist because it 
showed anticonvulsant action only in the 6 Hz seizure test, 
both after acute and sub-chronic administration. BBG did 
not significantly influence seizure thresholds in the remain-
ing tests. Motor coordination and muscular strength were 
not affected by the studied P2X7 receptor antagonist. In 
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Until recently, synaptic dysfunctions and properties of 
neuronal membrane were analyzed as principal epilepsy 
mechanisms and therapeutic strategy. However, several 
novel approaches to epilepsy treatment are investigated cur-
rently and particular attention is paid to neuron–glia inter-
actions and purinergic signaling. Purinergic neurotrans-
mission includes receptors for adenosine and adenosine 
5′-triphosphate (ATP) classified as P1 and P2, respectively. 
The P1 receptors are also called adenosine receptors (ARs) 
and four kinds of these are defined—A1, A2A, A2B and 
A3. Among P2 receptors two subfamilies are distinguished, 
i.e., ionotropic P2X receptors (mammalian P2X1–7), which 
are involved in fast synaptic transmission and synaptic 
plasticity, and metabotropic P2Y receptors (mammalian 
P2Y1, 2, 4, 6, 11, 12, 13, 14) which typically mediate slow 
responses to nucleotides. Although purinergic receptors are 
widely expressed through the central nervous system both 
in neurons and glia cells, P2X2 and P2X4 receptors are 
thought to be characteristic for neurons while P2X1/5 and 
P2X7 receptors dominate in astrocytes. P2X7 receptors, 
which are of interest to the present study, are involved in 
glia–glia and neuron–glia communication [4–7].

Interest has developed in the role of P2X7 receptors in 
the pathophysiology of numerous neurological disorders 
[8, 9], i.e., epilepsy [5, 6], Huntington’s disease [4], Alz-
heimer’s disease [10], migraine [11], pain [12] and mood 
disorders [13, 14]. These receptors are membrane-bound, 
non-selective cation channels, which are activated by high 
extracellular ATP concentration. Compared to other P2X 
receptors, P2X7 receptor has the lowest affinity for ATP, 
it needs mM levels for activation [15]. The characteristic 
feature of these receptors is also their slow desensitiza-
tion. The P2X7 receptor allows rapid and nonselective pas-
sage of  Na+,  K+ and  Ca2+ across the cell membrane, and 
what is more, their prolonged activation by agonist leads 
to formation of reversible plasma membrane pore perme-
able to larger molecular weight (up to 800 Da) molecules. 
They are expressed in neurons both pre- and postsynapti-
cally as well as in glia (i.e., microglia cells, astrocytes, oli-
godendrocytes, Schwann cells) in various regions of central 
nervous system, i.e., in cortex, striatum, brainstem, nucleus 
accumbens, cerebellum and hippocampus [5, 6, 15]. Wide 
distribution of P2X7 receptors across the central nerv-
ous system enables them to modulate variety of signaling 
pathways. First of all, trans-membrane fluxes of  Na+,  K+ 
and  Ca2+ caused by P2X7 receptor pore formation mediate 
fast excitatory neurotransmission and modulate release of 
neurotransmitters (i.e., glutamate, GABA, ATP) both from 
neuronal terminals and astrocytes. These receptors might 
be also involved in the cross-talk between glial and neu-
ronal cells. Moreover, the P2X7 receptors mediate cellular 
processes such as cell proliferation, apoptosis and inflam-
matory processes [5, 6, 9, 15].

In addition to dysfunctions of neurotransmission, neuro-
inflammatory processes seem also to be an important factor 
in pathogenesis of epilepsy. Numerous experimental and 
clinical results showed increased level of pro-inflammatory 
factors in brain tissues both from human epileptic patients 
[16] and animal models [17, 18]. Since P2X7 receptors 
have relatively scant affinity to ATP they are mainly acti-
vated under conditions of pathologically high concentra-
tion of ATP elicited in the wake of brain injury, ischemia 
or pathologic brain activity, such as during prolonged and 
repeated seizures. Therefore, ATP might be considered as 
a danger molecule which mediates pathological changes. 
Activation of P2X7 receptors promotes neuroinflammation 
and release of proconvulsive inflammatory cytokine inter-
leukin 1β and tumor necrosis factor alpha [6, 19, 20].

Although contribution of P2X7 receptor in epileptogenic 
processes was widely investigated, little is known about 
influence of P2X7 receptor antagonists on seizure thresh-
olds in experimental models of seizures. This fact inspired 
us to investigate the effect of brilliant blue G (BBG), a 
blood–brain barrier permeable selective P2X7 receptor 
antagonist [21], on seizure thresholds in three acute seizure 
models, i.e., in the 6 Hz seizure threshold, maximal elec-
troshock seizure threshold (MEST) and intravenous pentyl-
enetetrazole (iv PTZ) seizure threshold tests in mice. The 
potential anticonvulsant effect of BBG was investigated 
both after its acute and sub-chronic (7-day) administration. 
Moreover, some acute side effects provoked by BBG were 
examined in the chimney test (estimate motor coordination) 
and grip-strength test (estimate muscular strength) in mice.

Materials and Methods

Animals

Naïve male Swiss mice weighing 23–28  g obtained 
from a licensed breeder (Laboratory Animals Breeding, 
Słaboszów, Poland) were used in the study. The animals 
were housed in the polycarbonate cages under strictly con-
trolled conditions (ambient temperature 20–23 °C, relative 
humidity 45–55%, a 12/12 light/dark cycle with the light on 
at 6:00 a.m., chow pellets and tap water continuously avail-
able). Mice were used in the study after at least one week 
of acclimatization. All experiments were performed at the 
same time of day (between 8:00 a.m. and 3:00 p.m.) to min-
imize circadian influences. Control and drug experiments 
were always done on the same day to avoid day-to-day 
variations in convulsive susceptibility. The total number of 
animals used in the present study was 582. All procedures 
were conducted in accordance with the European Union 
Directive of 22 September 2010 (2010/63/EU) and Polish 
legislation acts concerning animal experimentations. The 
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experimental procedures and protocols were approved by 
the First Local Ethics Committee at the Medical University 
of Lublin (25/2014).

Drugs

BBG (Sigma-Aldrich, Germany) was dissolved in saline 
and injected intraperitoneally (ip) at a volume of 0.1  ml 
per 10 g body weight. The studied compound was admin-
istered acutely (30 min prior to the tests) or sub-chronically 
(once daily for seven consecutive days) and the tests were 
performed 30 min after the last injection. The pretreatment 
time was selected during initial experiment which exam-
ined time-course effect of BBG in the 6 Hz seizure thresh-
old test in mice. In order to verify the reliability of the sei-
zure tests we additionally evaluated the influence of VPA 
(at a dose of 150 mg/kg in the iv PTZ and MEST tests and 
at a dose of 50 mg/kg in the 6 Hz test) on seizure thresholds 
in these tests (as positive control). VPA (as sodium salt; 
Sigma-Aldrich Co., St. Louis, MO, USA) was dissolved in 
saline and administered ip 15  min before the tests (acute 
treatment). All drug solutions were prepared freshly. Con-
trol animals received saline at the appropriate volume and 
time.

The 6 Hz Electroshock-Induced Seizures

Psychomotor seizures (6  Hz seizures) were induced via 
corneal stimulation (0.2  ms square pulse at 6  Hz for 3  s) 
using Grass S48 stimulator coupled with a constant current 
unit CCU1 (both from Grass Technologies, West Warwick, 
RI, USA). A drop of ocular anesthetic, 1% solution of tet-
racaine hydrochloride (Sigma-Aldrich Co., St. Louis, MO, 
USA), was placed on the animals’ corneas before the stim-
ulation and the electrodes were soaked in the 0.9% saline 
immediately before testing to ensure a good electrical con-
tact. Mice were restrained manually during stimulation and 
placed in a Plexiglas box (35 × 20 × 14 cm) for observation 
immediately after stimulation. Six Hertz electroshock-
induced seizures were characterized by stun, which was 
often followed by rearing, forelimb clonus, and twitching 
of vibrissae, Straub-tail, which lasted at least 10  s from 
the stimulation [22]. The animal was considered to be pro-
tected if it resumed its normal exploratory behavior within 
10 s from the stimulation.

In order to determine the time course of anticonvulsant 
effect of BBG in the 6 Hz test in mice, the compound was 
injected ip at a fixed dose of 200 mg/kg and tested at 15, 30, 
60, 120 and 240 min post-injection time points. We used a 
relatively high dose of the studied drug, i.e., 200 mg/kg, to 
detect its potential anticonvulsant effect. To evaluate effect 
of acute treatment with BBG animals (groups of 18–20 ani-
mals) were given with different doses (50–200  mg/kg) of 

this compound and tested 30  min after injection (at time 
point in which the studied compound was at most effica-
cious). In case of sub-chronic treatment, animals received 
BBG once daily for seven consecutive days at doses of 
25–100 mg/kg. In both cases, control groups were treated 
with saline.

The mice were subjected to stimuli with different current 
intensities according to the “up-and-down” method and the 
median current strength  (CS50 in mA; the current strength 
of 6 Hz stimulation which induce psychomotor seizures in 
50% of the tested animals) with 95% confidence limits was 
calculated as described elsewhere [23, 24]. Each mouse 
was stimulated only once at any given current intensity 
(8–23 mA) and convulsant activity was judged as described 
above. If the mice responded with seizures, the next mouse 
was stimulated with current of an intensity 0.06-log step 
lower than the previous one. If the mice did not have sei-
zures, the next one was stimulated with a current of inten-
sity 0.06-log step higher [23].

The Maximal Electroshock Seizure Threshold Test

The seizures were induced by applying a sine-wave alter-
nating current (maximal output voltage 500  V, 50  Hz for 
0.2  s) via transcorneal copper electrodes. A constant cur-
rent stimulator (Rodent Shocker, Type 221, Hugo Sachs 
Elektronik, Freiburg, Germany) was used. Ocular anes-
thetic (1% solution of tetracaine hydrochloride) was applied 
to animals’ eyes before stimulation and 0.9% saline was 
used to wet electrodes before testing to provide a good 
electrical output. Animals were manually restrained during 
stimulation and immediately after stimulation they were 
placed in a Plexiglas box (35 × 20 × 14  cm) and observed 
for the presence or absence of maximal (tonic) hindlimb 
extension.

The threshold for maximal seizures was determined 
according to the above-mentioned method described by 
Kimball et al. [23]. Each mouse was stimulated only once 
at any given current intensity. The data obtained in groups 
of 19–21 mice were used to determine the threshold current 
intensity which induces the hindlimb extension in 50% of 
the animal tested  (CS50 in mA).

The Timed iv PTZ Infusion Test in Mice

At the appropriate time after drugs suspensions or vehi-
cle administration mice were placed in the restrainer and a 
needle (27G, 3/4 in.,  Sterican®, B. Braun Melsungen AG, 
Melsungen, Germany) was inserted in the lateral tail vein. 
The needle was connected by polyethylene tube (PE20RW, 
Plastics One Inc. Roanoke, VA, USA) with a plastic 
syringe that was placed in the syringe pump (model Physio 
22, Hugo Sachs Elektronik-Harvard Apparatus GmbH, 
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March-Hugstetten, Germany). The proper placement of the 
needle in the vein was confirmed by appearance of blood 
in the cannula and afterwards the needle was secured to 
the tail by adhesive tape. The syringe contained 1% solu-
tion of PTZ in saline, which was administered into the vein 
of unrestrained animal at a constant rate of 0.2  ml/min. 
The time intervals from the start of infusion of PTZ solu-
tion to the appearance of three separate endpoints, i.e., first 
myoclonic twitch, generalized clonus with loss of righting 
reflex and forelimb tonus, were recorded. The threshold, in 
mg of PTZ per kg of body weight, for each endpoint was 
calculated according to the following formula:

Each group consisted of 10–15 animals.

Chimney Test and Grip-Strength Test

Chimney test [25] was used to detect the motor deficits 
in mice induced by BBG. In this test, the inability of ani-
mals to climb back-ward up through a Plexiglas tube (3 cm, 
inner diameter × 30 cm, length) within 60 s is an indicator 
of motor impairment. Each group consisted of 11–12 mice.

Influence of BBG on muscular strength in mice was 
determined in the grip-strength test [26]. The apparatus for 
this test consisted of a steel wire grid (8 × 8 cm) connected 
to an isometric force transducer. Mice were lifted by their 
tail so that they grasp the grid with their forepaws. The 
mice were then gently pulled backward until they released 
the grid and the maximal force in millinewtons (mN) 
exerted by the mouse before losing grip was measured. The 
mean of three consecutive measurements for each animal 
was calculated and normalized to body weight (mN/g). 
Each experimental group consisted of 11–12 animals.

The chimney test and the grip strength test are quick and 
non-invasive procedures, and thus they were performed in 
the same groups of animals before seizure tests. This made 
it possible to reduce the total number of animals used for 
experiments, which was in accordance with the recommen-
dations of the Ethical Committee.

Statistical Analysis

Seizure thresholds in the 6  Hz and MEST tests are 
expressed as  CS50 values with their 95% confidence 
limits.  CS50 values were compared with the one-way 
analysis of variance (ANOVA) followed by the post-hoc 
Tukey’s test for multiple comparisons. The results from 
the iv PTZ test are presented as mean threshold doses of 
PTZ in mg/kg (+SEM) which induce the first myoclonic 

PTZ(mg∕kg) =
Infusion duration (s) × infusion rate (ml/s) × PTZ concentration (mg/ml)

Weight (kg)

twitch, generalized clonus with loss of righting reflex 
and forelimb tonus in mice. The differences between 
seizure thresholds in this test were analyzed with one-
way ANOVA with Tukey’s post-hoc test. Moreover, dif-
ferences between the groups treated with VPA (positive 
control) and the appropriate groups treated with saline 
(negative control) were analyzed using one-tailed Stu-
dent’s t test.

Results from the chimney test are presented as the per-
cent of mice with impaired coordination in a group and 
statistical analysis was performed with Fisher’s exact 
probability test. Statistical analysis of data from the grip-

strength test was performed with one-way ANOVA.
Statistical significance was noted when p values were 

equal to or < 0.05.

Results

Time-Course and Dose–Response Relationship for BBG 
in the 6 Hz Seizure Test in Mice

BBG at a dose of 200 mg/kg showed statistically signifi-
cant anticonvulsant effect 15, 30 and 60 min after its acute 

Fig. 1  Time course effect of BBG on the threshold for 6 Hz-induced 
seizures in mice. Results are presented as median current strengths 
 (CS50 in mA with their 95% confidence limits as the error bars) 
required to produce psychomotor seizures in 50% of animal tested. 
BBG at a dose of 200 mg/kg was administered ip 15, 30, 60, 120 and 
240 min prior to the test. One-way ANOVA followed by the Tukey’s 
post-hoc multiple comparison test was used to analyze the data. 
*p < 0.05 and ***p < 0.001 versus control group



3118 Neurochem Res (2017) 42:3114–3124

1 3

administration in the 6  Hz seizure test in mice (Fig.  1; 
one-way ANOVA: F(5,50) = 13.06; p < 0.0001). Seizure 
threshold increased from 11.02 (10.73–11.31) mA in 
control group (saline treated) to 13.41 (12.33–14.58) mA 
15  min after BBG administration (p < 0.05). The higher 
anticonvulsant effect was noted 30 and 60 min after drug 
treatment and seizure thresholds had a value of 15.49 
(14.40–16.66) mA and 14.52 (12.94–16.29) mA, respec-
tively (p < 0.001 vs. control group).

BBG administered acutely at doses ranging from 50 to 
200  mg/kg increased seizure thresholds in the 6  Hz test 
(Fig.  2a) although statistically significant changes were 
noted in groups which were treated with BBG at doses of 
100 and 200  mg/kg (one-way ANOVA: F(3,32) = 26.64, 
p < 0.0001). In control group, seizure threshold was 11.02 
(10.73–11.31) mA while in group of animals treated 
with BBG at a dose of 100 mg/kg it had a value of 14.88 
(14.26–15.53) mA. BBG administered at a dose of 200 mg/
kg raised seizure threshold to 15.49 (16.66–14.40) mA.

After sub-chronic administration of BBG at doses of 
25–100  mg/kg, statistically significant increase in seizure 
threshold in the 6  Hz seizure test in mice was noted in a 
group of animals injected with BBG at a dose of 100 mg/kg 
(Fig. 2b; one-way ANOVA: F(3,34) = 2.976, p = 0.0452). In 
control group, seizure threshold was 10.87 (10.10–11.69) 
mA while after sub-chronic administration of BBG at a 
dose of 100 mg/kg raised to 12.50 (11.86–13.16) mA.

Moreover, VPA (positive control) administered ip 
15 min before the 6 Hz test caused statistically significant 
increase in psychomotor seizure threshold from 11.57 
(11.10–12.06) mA in control (saline-treated) group to 14.93 
(14.35–15.53) mA (Fig. 2c, Student’s t test: p < 0.0001).

Effect of BBG on Seizure Threshold in MEST and iv 
PTZ Tests in Mice

Neither acute (doses ranging of 100–400 mg/kg) nor sub-
chronic (doses ranging of 25–100 mg/kg) administration 
of BBG caused any statistically significant changes in 
seizure thresholds in comparison to the respective control 
group in the MEST test in mice (Fig. 3a, b; acute treat-
ment; one-way ANOVA: F(3,34) = 3.00, p = 0.044; sub-
chronic treatment; one-way ANOVA: F(3,33) = 5.767, 
p = 0.0028). VPA (positive control) at a dose of 150 mg/
kg increased seizure threshold in the MEST test by ~56% 
in comparison to control group (Fig. 3c, Student’s t test: 
p < 0.0001 vs. saline-treated group).

BBG administered acutely (doses ranging of 
100–400  mg/kg) and sub-chronically (doses ranging 
of 25–100  mg/kg) did not change significantly seizure 
thresholds for first myoclonic twitches (acute treatment; 
one-way ANOVA: F(3,35) = 0.2771, p = 0.8415; sub-
chronic treatment; one-way ANOVA: F(3,54) = 1.047, 
p = 0.3793), generalized clonus seizures (acute treatment; 
one-way ANOVA: F(3,36) = 0.2699, p = 0.8467; sub-
chronic treatment; one-way ANOVA: F(3,53) = 0.2714, 
p = 0.8457) and forelimb tonic extension (acute treat-
ment; one-way ANOVA: F(3,32) = 1.064, p = 0.378; sub-
chronic treatment; one-way ANOVA: F(3,52) = 0.4237, 
p = 0.7368) in the iv PTZ test in mice. VPA (at a dose 
of 150 mg/kg), which was tested as a positive control in 
this test, caused statistically significant increase in the 
thresholds for all three seizure kinds (Student’s t test: 
p < 0.0001 vs. saline-treated group). Data are shown in 
Fig. 4.

Fig. 2  Effect of BBG on 6 Hz-induced psychomotor seizure thresh-
old in mice. BBG was administered acutely 30 min prior to the test at 
doses ranging from 50 to 200 mg/kg (a) or sub-chronically for seven 
consecutive days at doses ranging from 25 to 100 mg/kg and the test 
was performed 30 min after the last injection (b). VPA (positive con-
trol) was injected 15 min before the test (acute treatment) at a dose 
of 50 mg/kg (c) and tested to verify reliability of the method. Results 

are presented as median current strengths  (CS50 in mA with their 95% 
confidence limits as the error bars) required to produce psychomo-
tor seizures in 50% of animal tested. One-way ANOVA followed by 
the Tukey’s post-hoc multiple comparison test was used to analyze 
the data received in the groups treated with BBG while effect of VPA 
was analyzed using Student’s t test. *p < 0.05 and ***p < 0.001 versus 
control group
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Effect of BBG in the Grip Strength and Chimney Tests 
in Mice

BBG administered acutely (at doses of 100–400  mg/
kg) and sub-chronically (at doses of 25–100  mg/kg) did 
not cause any statistically significant changes in mus-
cular strength (Table  1) which was assessed in the grip 
strength test in mice (one-way ANOVA: acute treat-
ment; F(3,43) = 0.116, p = 0.9503; sub-chronic treatment; 
F(3,44) = 1.810, p = 0.1593). Moreover, neither acute nor 
sub-chronic administration of BBG produced statistically 
significant changes in motor coordination in the chimney 
test in mice (Table 1, p > 0.05).

VPA administered acutely at a dose of 150 mg/kg also 
did not affect significantly muscular strength (Student’s t 
test: p > 0.05) and motor coordination (Fisher’s exact prob-
ability test: p > 0.05) in mice.

Discussion

The aim of the present study was to investigate the anticon-
vulsant potential of BBG, a potent and selective antago-
nist of P2X7 receptor [21], in three well-established acute 
seizure models, i.e., in the 6 Hz-induced psychomotor sei-
zures, MEST and iv PTZ tests in mice. Both the MEST 
and PTZ tests are experimental models of seizures which 
are considered as a “gold standard” in screening new sub-
stances with anticonvulsant activity. The MEST test is 
recognized as a model of tonic-clonic seizures in patients 
while the iv PTZ test is thought to be a model of gener-
alized nonconvulsive seizures. The 6  Hz psychomotor 
seizure test has been added in recent years to procedures 
used by the Anticonvulsant Screening Program (ASP)/

Epilepsy Therapy Screening Program (ETSP) at the Uni-
versity of Utah during searching new therapeutics for epi-
leptic patients and it has been described as model of resist-
ant epilepsy. However, Löscher et  al. [27] have recently 
argued that 6 Hz induced seizures should not be considered 
as a model of drug-refractory partial seizures because these 
seizures seem to be refractory mainly to sodium channel 
modulators, e.g., phenytoin and lamotrigine, whereas drugs 
with other mechanism of action, especially GABAergic 
compounds, are quite effective in this test. Models which 
we used in the present study allow initial differentiation 
of the potential anticonvulsant effect of BBG and they 
are thought to be useful to identify anticonvulsant drugs 
that block different kinds of seizures in epileptic patients. 
Although the used seizure models are well-proven and 
widely used in screening substances with potential anticon-
vulsant effects, we investigated the effect of VPA in these 
tests as a positive control to additionally validate reliability 
of these methods. Our findings confirm the reliability and 
property of the used methods because classical antiepilep-
tic drug, i.e., VPA, caused statistically significant increase 
in the seizure thresholds versus appropriate control (saline-
treated) group in all cases analyzed.

In the last decade, there has been growing interest in 
relationship between P2X7 receptors and epileptogenic 
processes. Moreover, it is widely suggested that these 
purinergic receptors might be a new target in epilepsy treat-
ment [5]. Firstly, numerous studies demonstrated increased 
expression of P2X7 receptor protein in brains of epileptic 
animals and patients with temporal lobe epilepsy. Dona 
et al. [28] reported heightened expression of these receptors 
both in glial cells and glutamatergic terminals in neocortex 
during acute and chronic phase of epilepsy in pilocarpine 
model in rats. This study did not revealed any significant 

Fig. 3  Effect of BBG on seizure threshold in the MEST test in mice. 
BBG was administered acutely 30 min prior to the test at doses rang-
ing from 100 to 400 mg/kg (a) or sub-chronically for seven consecu-
tive days at doses ranging from 25 to 100 mg/kg and the test was per-
formed 30 min after the last injection (b). VPA (positive control) was 
injected 15 min before the test (acute treatment) at a dose of 150 mg/
kg (c) and tested to verify reliability of the method. Results are pre-

sented as median current strengths  (CS50 in mA with their 95% con-
fidence limits as the error bars) required to produce tonic hindlimb 
extension in 50% of animal tested. One-way ANOVA followed by the 
Tukey’s post-hoc multiple comparison test was used to analyze the 
data received in the groups treated with BBG while effect of VPA 
was analyzed using Student’s t test. ***p < 0.001 versus control group
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changes in expression of hippocampal P2X2 and P2X4 
receptors during acute and latent phase of epilepsy, which 
might suggest that these receptors are not so meaningful 
in epileptogenic processes [28]. Upregulation of the P2X7 
receptor was also noted in hippocampus in pilocarpine 
model in rats [29, 30] and both in hippocampus and neo-
cortex after status epilepticus induced by intra-amygdala 
microinjection of kainic acid in mice [6, 31, 32]. It was 
reported that P2X7 receptors are characteristic for astro-
cytes [7]. Loss and/or dysfunctions of these cells might 
play significant role in epileptogenesis and these processes 
were investigated in pilocarpine-induced model of status 
epilepticus in rats. Received results showed that BBG and 

OxATP (P2X7 receptor antagonists) prevented apoptotic 
loss of astrocytes in molecular layer of the dentale gyrus 
and frontoparietal cortex in these animals [33].

Participation of P2X7 receptors in epileptogenesis was 
also confirmed in clinical studies. Higher expression of 
these purinergic receptors was noted in neocortical neu-
rons in patients with epilepsy [32, 34]. Moreover, it is sup-
posed that P2X7 receptors participate in development of 
pharmacologically resistant epilepsy in patients with focal 
cortical dysplasia. Their increased expression was noted in 
some abnormal cells characteristic for this disorder, i.e., in 
dysmorphic cells and balloon cells. Moreover overexpres-
sion of P2X7 receptor in surgically resected cortical lesions 

Fig. 4  Effect of BBG on the thresholds for the first myoclonic twitch 
(1a, 2a), generalized clonic seizures (1b, 2b) and forelimb tonic 
extension (1c, 2c) in the iv PTZ test in mice. BBG was adminis-
tered acutely 30  min prior to the test at doses ranging from 100 to 
400  mg/kg or sub-chronically for seven consecutive days at doses 
ranging from 25 to 100  mg/kg and the test was performed 30  min 
after the last injection. VPA (positive control) was injected 15  min 

before the test (acute treatment) at a dose of 150  mg/kg and tested 
to verify reliability of the method (3a, 3b, 3c). Data are presented as 
means + SEM. One-way ANOVA followed by the Tukey’s post-hoc 
multiple comparison test was used to analyze the data received in the 
groups treated with BBG while effect of VPA was analyzed using 
Student’s t test. ***p < 0.001 versus control group
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of these patients was connected with higher expression of 
interleukin  β1, a downstream factor of the P2X7 receptor 
signaling pathway [35].

There are also some studies which demonstrate anticon-
vulsant and antiepileptogenic properties of P2X7 receptor 
antagonists in some animal models of epilepsy. BBG and 
A-438079 markedly weakened both electrographic and 
behavioral seizures during status epilepticus triggered by 
intra-amygdala microinjection of kainic acid in mice [6, 
32]. Another P2X7 receptor antagonist, i.e., JNJ-42253432, 
significantly reduced the severity of spontaneously recur-
rent seizures but did not affect their frequency in the estab-
lished chronic epilepsy phase after kainic acid administra-
tion in rats [36]. Injection of kainic acid into the amygdala 
in mice raised expression of P2X7 receptor protein in CA1 
pyramidal and granule neurons, as well as in microglia. 
Systemically injected JNJ-47965567 (the centrally avail-
able potent and specific P2X7 receptor antagonist) reduced 
both spontaneous seizures monitored in EEG recording 
and restricted mioglosis and astrogliosis processes in hip-
pocampus in this model [31]. In addition, other studies 
revealed that BzATP, a P2X7R agonist, potentiated the 
electrographic seizures in mice with kainic acid-induced 
status epilepticus [6, 32]. Fischer et  al. [37] reported that 

some P2X7 receptor antagonists, i.e., BBG, AFC-5128, 
JNJ-47965567 and tanshinone IIA sulfonate, attenuate 
PTZ-induced kindling development in rats by reduction of 
mean seizure stage. Moreover, in study conducted by Soni 
et al. [38] BBG not only decreases the mean score of PTZ-
kindled seizures but also prevented associated cognitive 
and motor coordination impairments. This effect of P2X7 
receptor antagonist was potentiated by ceftriaxone—a 
GLT-1 upregulator [38]. A740003, a P2X7 receptor antag-
onist, reduced the amplitude of slow field potentials of 
recurrent epileptiform discharges induced by high extracel-
lular potassium concentration combined with application 
of pilocarpine in naïve rats but did not significantly affect 
these parameters in pilocarpine-treated chronic epileptic 
rats [7].

Activity of BBG and three other CNS-permeable P2X7 
receptors blockers, i.e., AFC-5128, JNJ-47965567 and 
tanshinone, has been recently studied in two acute seizure 
models in mice, i.e., in the MEST and subcutaneous (sc) 
PTZ tests [37]. In our research, we used the additional sei-
zure model, i.e., the 6 Hz-induced psychomotor seizure test 
in mice, and we also replaced the sc PTZ test with the iv 
PTZ test which is thought to be more sensitive and allow to 
determine the effect of the studied compound on thresholds 
for three separate seizure endpoints, i.e., the first myoclonic 
twitch, generalized clonus with loss of righting reflex and 
forelimb tonus. Furthermore, this test is appropriable to 
detect proconvulsant potential of the studied substance 
[39]. In addition to acute administration of BBG, we used 
also sub-chronic treatment with BBG. BBG was admin-
istered once, 30  min before the respective seizure test, to 
check effect of acute blockade of P2X7 receptor, and sub-
chronically by seven consecutive days, to check whether 
prolonged inhibition of P2X7 receptors influences seizure 
activity in the used experimental models.

Our results revealed only slight anticonvulsant action of 
BBG because statistically significant increase in the seizure 
threshold was noted only in the 6  Hz test in mice. BBG 
did not affect seizure thresholds in the MEST and iv PTZ 
tests in mice, which is consistent with the results presented 
by Fischer et al. [37]. They ascertained that studied P2X7 
receptor antagonists change neither threshold for tonic 
hindlimb extension in the MEST test nor latency to gener-
alized clonic seizures in the sc PTZ test [37]. Moreover, our 
study revealed that sub-chronic administration of BBG did 
not improve its anticonvulsant activity in the used acute sei-
zure models in mice. Based on the above mentioned results, 
it might be postulated that inhibition of P2X7 receptors 
does not play significant role in inhibition of seizures.

Results of many studies show that anticonvulsant and 
antiepileptic activity of some P2X7 receptor antagonists 
observed in animal models of epilepsy (i.e., kindling 
model, kainic acid and pilocarpine models) might arise 

Table 1  Effects of BBG in the grip strength and chimney tests in 
mice

Results are presented as mean (±SEM) grip strengths in millinew-
tons per gram of mouse body weight (mN/g) from the grip-strength 
test, assessing neuromuscular strength in mice, and as percentage of 
animals showing motor coordination impairment in chimney test in 
mice. Each experimental group consisted of 11–12 animals Statisti-
cal analysis of data from the grip-strength test was performed with 
t Student’s test (part I; p = 0.206) and one-way ANOVA (part II: 
F(3,43) = 0.116; p = 0.9503; part III: F(3,44) = 1.81; p = 0.1593) and 
the Fisher’s exact probability test (part I, II and III p > 0.05) was used 
to analyze the results from the chimney test

Treatment (mg/kg) Neuromuscular 
strength (mN/g)

Impairment of 
motor performance 
(%)

I. Acute treatment
 Vehicle (control) 30.68 ± 1.02 16.6
 VPA (150) 28.72 ± 2.11 8.3

II. Acute treatment
 Vehicle (control) 30.85 ± 0.93 9.1
 BBG (100) 30.85 ± 0.74 0
 BBG (200) 31.13 ± 1.14 0
 BBG (400) 30.34 ± 1.03 36.36

III. Sub-chronic treatment
 Vehicle (control) 26.87 ± 1.06 0
 BBG (25) 29.75 ± 0.92 0
 BBG (50) 27.98 ± 0.99 0
 BBG (100) 26.69 ± 1.19 0
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from their anti-inflammatory action [20, 35]. The lack of 
anticonvulsant action of BBG in the present study may not 
be surprising, as there is no inflammation in used acute 
seizure models. In the present study, convulsions were 
triggered in healthy animals as a result of electrical stimu-
lation (MEST and 6 Hz tests) or administration of chemo-
convulsant—PTZ. In these models, inflammatory processes 
are not relevant and thus BBG, a selective P2X7 receptor 
antagonist, could not exhibit its anti-inflammatory and 
potentially anticonvulsant effect. There are also other com-
pounds with anti-inflammatory properties which revealed 
protective action in models of epilepsy but did not affect 
seizure activity in acute seizure models in mice. So like 
luteolin, it alleviated the seizure score, elevation of gluta-
mate levels in the hippocampus, neuronal death and micro-
glial activation in hippocampus after kainic acid adminis-
tration in rats [40] but it did not affect seizures in the 6 Hz 
and MEST tests in mice [41]. Although rutin and querce-
tin showed diverse protective effects in some epilepsy 
models [42–45] they had limited influence on the seizure 
thresholds in acute seizure models. They increased seizure 
threshold only in the 6 Hz test and were ineffective in the 
MEST and iv PTZ tests in mice [46].

Difference in activity of BBG in the used seizure models 
might also result from influence of the studied compound 
on the specific brain regions which are involved in seizure 
activity in these tests. Barton et al. [22] used the immedi-
ate early gene c-Fos as a marker of seizure-induced neu-
ronal activation to determine structures which are involved 
in convulsant activity in the 6 Hz, iv PTZ and MES tests. 
They revealed that 6 Hz simulation with low current inten-
sity, i.e., 22 and 32 mA, does not significantly activate hip-
pocampus regions while they are highly active both after 
6  Hz simulation with high intensity, i.e., 44  mA, and in 
the MES and PTZ tests. In our study we did not used high 
current intensity stimulation in the 6 Hz test and therefore 
we could suppose that there were no significant activation 
of hippocampus. It is probable that lack of anticonvulsant 
activity of BBG in the MEST and iv PTZ is caused by high 
activity of hippocampus regions.

There is also evidence that P2X7 receptor-mediated 
current increases  Ca2+ entry into neuron cells and thereby 
might influence excitability of neurons. This fact and pre-
synaptic localization of these receptors cause that they 
might influence neurotransmitters release and thereby con-
trol excitatory processes in neuronal cells [20]. However, 
it might be presumed that influence of P2X7 receptors on 
neuronal excitability is too subtle to modulate significantly 
seizure threshold in acute seizure models.

Although BBG is considered as a selective antagonist 
of P2X7 receptor, there is probability that at high doses 
(which were used in our study) it might affect other puriner-
gic receptors, mainly P2X2 and P2X4 [21]. Participation of 

these two kinds of purinergic receptors in seizures and epi-
leptogenic processes have been less investigated but seems 
to be much less important than P2X7 receptors [20]. Nev-
ertheless, we cannot exclude interactions with other types 
of receptors, which could affect seizure susceptibility in the 
used seizure tests.

Conclusions

Although some P2X7 receptor antagonists have been 
reported to produce potent anticonvulsant effects in differ-
ent animal models of status epilepticus, ability of BBG, a 
selective antagonist of P2X7 receptor, to suppress acute 
seizures in animal models is very limited. Both contribu-
tion of these receptors in epileptogenic processes and anti-
convulsant properties of their antagonists should be further 
investigated.
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