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The cellular distribution of P2X7, 
P2Y6, and P2Y12 during or after 
pilocarpine‑induced status epilepticus 
and literature review
Yue Li1,2, Fengru Tang3#, Yumin Luo4#

Abstract:
BACKGROUND: When a seizure occurs, the distribution of purine receptors in different cell types 
at various time points remains poorly understood. Our literature review revealed that P2X7, P2Y6, 
and P2Y12 are expressed in different cells during epilepsy pathogenesis. Therefore, we studied the 
protein expression patterns of the purinergic receptors P2X7, P2Y6, and P2Y12 in the normal mice 
hippocampus, as well as during or after pilocarpine‑induced status epilepticus (DPISE or APISE).
MATERIALS AND METHODS: Immunohistochemical staining and double‑labeling immunofluorescence 
staining were used to study the cellular distribution of various purinergic receptors across several 
groups: control, 2‑hour DPISE, 1‑day APISE, 2‑day APISE, 3‑day APISE, and 1‑week APISE.
RESULTS: In the normal mouse brain, P2X7, P2Y6, and P2Y12 were predominantly expressed in 
the neurons. Microglia and astrocytes were found to express these receptors at the onset of seizures. 
Immunofluorescence analysis showed that P2X7 and P2Y12 are expressed in microglia, whereas 
P2Y6 is mainly expressed in astrocytes.
CONCLUSION: Different purinergic receptors are expressed in neurons, microglia, and astrocytes, 
mediate their interactions, and are involved in epileptogenesis.
Keywords:
Astrocytes, microglia, neuron, P2X7, P2Y12, P2Y6, purinergic receptors, status epilepticus

Introduction

Background

Epilepsy is a spontaneous, unprovoked 
seizure affecting approximately 

70 million people worldwide, with an 
incidence of 1%.[1] Pilocarpine‑induced status 
epilepticus (SE) is a common epilepsy animal 
model. Pilocarpine induces SE by acting 
on the M1 muscarinic receptor subtype. 
Pilocarpine‑induced SE can be divided into 
four phases: during pilocarpine‑induced 
SE (DPISE), characterized by spontaneous 

remitting tonic‑clonic seizures for several 
hours; the acute stage, characterized by the 
loss of neurons  (days 1 to 3 post‑SE); the 
latent stage, characterized by a seizure‑free 
period with more prominent neuron loss 
(days 7 to 14 post‑SE); and the chronic 
stage, characterized by uncontrolled 
spontaneous seizures and sclerosis  (days 
60 post‑SE), these three stages were called 
after pilocarpine‑induced SE (APISE).[2,3]

Increased blood–brain barrier (BBB) 
permeability, altered synaptic structure 
and plasticity, degeneration, neurogenesis, 
and inflammation are the key pathological 
process of epilepsy.[4] A study on both 
experimental models and epileptic patients 
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demonstrates that astrocytes and microglia contribute to 
increased brain hyperexcitability. Astrocytes have been 
proven to participate in gliotransmission, the balance of 
extracellular water and ions, BBB maintenance, arteriolar 
blood flow regulation, energy supply, metabolism, 
oxidative stress, and inflammation.[5] Astrocyte activation 
can cause epileptic seizures that do not involve other 
pathologies.[6] Microglia can be classified into homeostatic 
microglia and disease‑associated microglia and they are 
involved DPISE and APISE in rodent epileptic models.[7]

Inflammation contributes to both seizure generation 
and epilepsy development.[8] The discovery of novel 
soluble inflammatory mediators is in exponential 
growth. Besides glutamatergic and GABAergic 
neurotransmission, purinergic signaling has been 
proven to be the third neuronal transmitter involved 
in seizure generation and epilepsy development.[9,10] 
During epilepsy, adenosine triphosphate (ATP) acts as 
a neurotransmission and gliotransmission factor and it 
has been proven to cause seizures when microinjected 
into the rodent peripheral form cortex.[11] Targeting 
purine receptors has been shown to be one of the 
promising treatments for epilepsy.

Purinergic receptors can be divided into P1 
receptors  (adenosine sensitive), which can be further 
subdivided into A1, A2A, A2B, and A3 receptors, and 
P2 receptors (nucleotide sensitive), which can be further 
subdivided into inotropic P2X and metabotropic P2Y 
receptors. P2X receptors respond to ATP and have 
seven mammalian subtypes, whereas P2Y receptors 
respond to ATP, adenosine diphosphate (ADP), uridine 
triphosphate (UTP), uridine diphosphate (UDP), or 
UDP‑glucose and have eight subtypes. The detailed 
function and classification of purinergic receptors 
are shown in Figure 1. Evidence confirms that the 
nucleoside adenosine has an anticonvulsant effect via 
P1 receptors,[10] and this effect has also been observed 
for P2 receptors.[9]

Neurons and glia can release ATP via exocytosis, 
transporters, membrane channels, and P2X7  (P2X7R) 
channels.[12] ATP can be converted to ADP and adenosine  
monophosphate (AMP), and finally to adenosine by 
ectoenzymes, such as NTPDases, NPPases, and alkaline 
phosphatases. ATP is classified as a damage‑associated 
molecular pattern and is an endogenous dangerous 
signal.[13] ATP  (ADP and UDP) activated by purines 
induces intracellular Ca2+ increases in astrocytes, from 
extracellular P2XRs and intracellular P2YRs.[14] The P2 
receptor is involved in diverse signaling cascades, such 
as proinflammatory cytokines release and processing, 
cytoskeletal rearrangements, and transcription factors 
activation.[15‑17]

Objectives
Astrocytes and other cell types also express purinergic 
receptors.[18] The distribution and function of the 
P2 receptors have generated much interest as their 
expression patterns will change after the onset of several 
neurodegenerative diseases and play roles in pathological 
processes. We determined the distribution of the P2 
receptors DPISE or APISE by choosing ionotropic P2X7 and 
metabotropic P2Y6 and P2Y12 to study their expression 
patterns, as they have received great attention recently. In 
the hippocampus, P2X7 receptors are upregulated by 80% 
when rats enter the pilocarpine‑induced chronic epileptic 
stage.[19] P2X7 expression is thought to alter APISE.[20] The 
P2Y12 receptor is thought to be expressed in microglia 
cells during epilepsy.[21]

Materials and Methods

Pilocarpine treatment
The National Neuroscience Institutional Animal Care and 
Use Committee of Tan Tock Seng Hospital, Singapore, 
approved this study. The animal used was 8–10 weeks 
male Swiss Albino mice weighing 25 g–30 g without 
spontaneous seizures. Methylscopolamine nitrate 
(1 mg/kg) was injected subcutaneously into the mice. 
Thirty minutes later, saline was injected subcutaneously 
into the control group and pilocarpine (300 mg/kg) was 
injected subcutaneously into the experimental group.

Immunohistochemical Study of the Expression of 
P2X7, P2Y6 and P2Y12
The experimental animals were divided into six groups, 
and each group included six mice. The groups were 
as follows: control group, 2  h DPISE group, 1  day 
APISE group, 2  days APISE group, 3  days APISE 
group, and 1 week APISE group. After anesthetization 
with phenobarbital  (40–50  mg/kg), 100ml saline was 
transcardially perfused into the mice, and then 100 ml 
0.1M phosphate buffered saline  (PBS, pH  7.4) was 
dissolved in 4% paraformaldehyde. After perfusion, the 
brains were removed, fixed in 4% paraformaldehyde 
for 4 h, and soaked overnight in PBS dissolved in 30% 
sucrose. Freezing microtome (HM505E, Microm; Zeiss, 
Oberkochen, Germany) was used to cut the brain into 
40‑µm thickness coronal sections. The sections were put 
into 24 well‑tissue culture dishes according to the order. 
They were washed in PBS and then in 0.1M Tris‑buffered 
saline (TBS), and their peroxidase activity was quenched 
with 3% H2O2 for 15 minutes. The sections were then 
washed in TBS for three times, and treated with 2% BSA 
or 4% normal goat serum (this step was adapted to these 
primary antibodies, which were made in goats). These 
sections were incubated in 0.1% Triton‑X100 diluted with 
0.1M TBS (TBS‑TX, pH 7.6) for 2 h. Next, the sections 
were incubated overnight with primary antibodies 
diluted in TBX‑TX against P2X7, P2Y12 (1:1000, 1:300, 
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Sigma, St Louis, MO, USA), and P2Y6  (1:350, Abcam, 
Boston, MA, USA). The next day, sections were washed 
once with TBS‑TX and incubated with biotinylated IgG 
secondary antibodies for 2 h. After washing thrice with 
TBS‑TX, the sections were incubated in an avidin‑biotin 
complex  (ABC) reagent diluted with TBS‑TX for 2  h. 
Washed by 0.1M Tris buffer  (TB, pH  7.6), reacted 
with 0.012% H2O2 and 0.05% 3, 3’‑diaminobenzidine 
hydrochloride TB solution (Sigma, St Louis, MO, USA) 
for 3‑5 minutes and then washed by TB again. Finally, 
the sections were mounted on slides, dehydrated, and 
covered with coverslips.

Double‑labeling immunofluorescence staining
Double‑labeling immunofluorescence staining was 
carried out to colocalize P2X7  (1:500), P2Y6  (1:100), 
and P2Y12  (1:100) with different cell markers, 
i.e. NeuN (1:1000, Chemicon International Inc., CA, USA) 
for neurons, CD11b (1:1000, AbD Serotec, Oxford, UK) 
for microglia, and GFAP (1:1000, Chemicon International 
Inc., CA, USA) for astrocytes. The sections were washed 
with 0.1 M TBS and incubated with 3% H2O2 for 
15 minutes. Next, they were incubated with 2% BSA for 
2 h, and with primary antibodies overnight. The next day, 
sections were incubated with Cy3‑or FITC‑conjugated 
secondary antibodies  (Chemicon International Inc., 
CA, USA) for 4  h. They were then mounted on 
slides, dried, and coverslipped using FluorSaveTM 
Reagent  (Calbiochem, San Diego, CA, USA). Images 
were captured using an Olympus FluoView FV500 
confocal laser scanning biological microscope (Olympus 
Corporation, Tokyo, Japan).

Results

Behavior monitoring
After treatment with pilocarpine, the mice developed 
hyperactivity, recurrent myoclonic convulsions, and SE, 
those symptoms lasting for more than 4 h (Classification 
of seizures referred to Racine’s 1972, only those with 
Racine scale score ≥3 were chosen for the experimental 
group). Mice that did not experience continuous seizures 

for 4 h were considered as non‑SE mice and were excluded 
from the study. Mice who were convulsed and died were 
also excluded. Approximately 14 days after the SE, the 
mice began to experience spontaneous recurrent seizures.

Immunohistochemistry results of P2X7, P2Y6, 
and P2Y12 in the hippocampus of the control and 
pilocarpine‑induced status epilepticus mice
P2X7
In control mice, P2X7 was found to be expressed in 
neurons in different layers of the cornu ammonis (CA) 
area of the hippocampus  [in the border between the 
stratum oriens and alveus‑O/A border, the stratum 
oriens‑SO, the stratum pyramidale‑SP, the stratum 
radiatum‑SR, and stratum lacunosum moleculare‑SLM, 
Figure  2a]. P2X7 immunopositive neurons were also 
observed in the stratum granular cells (GC) and hilus of 
the dentate gyrus (DG) [Figure 3a]. The same situations 
were observed at 2 h DPISE [Figures 2b and 3b]. At 1 
day APISE, P2X7 was found to be expressed in activated 
glial cells in the CA and DG are as [Figures 2c and 3c]. At 
2 days APISE, more P2X7 positive neurons were stained 
in the SP of the CA area and the GC and hilus of the DG 
area. Activated glial cells were observed [Figures 2d and 
3d]. Three days APISE, most of the P2X7 immunopositive 
cells were glial cells  [Figures  2e and 3e]. At higher 
magnification  (×100), P2X7 immunopositive glial cells 
were observed, they changed from the hyper ramified to 
amoeboid and finally to the phagocytic glial cells from 1 
to 3 days APISE [Figure 2p‑r].

P2Y6
In control mice, P2Y6 immunopositive neurons were 
scattered in different layers of the CA area and the GC 
and hilus of the DG area [Figures 2f and 3f]. Except for the 
SP layer, the number of P2Y6 immunopositive neurons 
decreased at 2 h DPISE and 1 day APISE. At 3 days APISE, 
except for P2Y6 immunopositive neurons in the SP layer, 
P2Y6 immunopositive glial cells were observed in the 
CA and DG areas [Figures 2i and 3i]. At 1 week APISE, 
P2Y6 immunopositive glial cells increased and they were 
activated based on their morphology [Figures 2j and 3j]. 

Figure 1:  Purinergic signaling overview. (a) Detailed function of purinergic receptors, (b) Classification of purinergic receptors[4]

ba
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Figure 2: The distribution of P2X7, P2Y6, and P2Y12 receptors in the cornu ammons (CA) area of the hippocampus in control and pilocarpine‑induced status epilepticus 
mice. The detailed descriptions of Figure 2 (a-s) were under Figure 3.
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At high magnification  (×100), the morphology of the 
P2Y6 immunopositive glial cells could be observed more 
clearly [Figure 2s].

P2Y12
From the control to 2 days APISE, P2Y12 immunopositive 
neurons were mainly observed in the SP layer [Figure 2k‑n] 
and in the GC and hilus of the DG  [Figure  3k‑n]. At 
3 days APISE, except for P2Y12 immunopositive neurons 

in the SP layer of the CA area and GC of the DG area, 
P2Y12 immunopositive glial cells could be seen in 
different layers of the CA area without SP, and hilus of 
DG [Figures 2o and 3o].

Double immunofluorescence staining of P2X7, 
P2Y6, and P2Y12 with CD11b or GFAP or NeuN 
in the hippocampus of the control and SE mice
Colocalization of P2X7 with CD11b confirmed 

Figure 3: The distribution of P2X7, P2Y6, and P2Y12 receptors in the denta te gyrus (DG) area of the hippocampus in control and pilocarpine-induced status epilepticus 
mice. In the control and 2h DPISE mice, P2X7 immunopositive neurons were scattered across different layers of the CA and DG areas of the hippocampus.The P2X7 

immunopositive neurons were mainly located in the SP layer of the CA area and GC and hilus of the DG area [Figures 2, 3a, 3b]. At 1–2 days APISE, P2X7 staining was 
observed in glial cells scattered in different layers of the CA and DG areas except for the SP layer and GC [Figures 2, 3c, 3d]. The P2X7 positive glial cells were found in 
each layer of the hippocampus at 3 days APISE [Figures 2, 3e]. In the control and2 h DPISE to 1 d APISE, P2Y6 immunopositive neurons were mainly in the SP, GC and 
hilus of the hippocampus [Figures 2, 3f-h]. At 3 days to 1 week APISE, P2Y6 positive glial cells were observed [Figures 2, 3i, 3j]. From the control to 2 days APISE, P2Y12 

positive neurons were mainly observed in the SP layer of the CA area and GC and hilus of the DG area [Figures 2, 3k-n]. At 3 days APISE, except for P2Y12 positive neurons 
in the SP layer of the CA area, P2Y12 positive glial cells were also observed in other layers of the CA area and the hilus of the DG area [Figures 2, 3o]. P2X7 and P2Y6 

immunopositive glial cells were identified at ×100 [Figure 2p-s]. The scale bars indicate 100 µm in a-o in Figures 2 and 3, and 20 μm in p-s in Figure 2.
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the microglial expression of P2X7 at 1-3  days 
APISE  [Figure  4a‑c]. The colocalization of P2X7 with 
NeuN confirmed the neuronal expression of P2X7 at 
2 days APISE [Figure 4e‑h]. No colocalization of P2X7 
and GFAP at 3 days APISE confirmed that P2X7 was 
not expressed in astrocytes [Figure 4j‑l], which was also 
confirmed by three‑dimensional scanning  [Figure  4i]. 
P2X7 immunopositive products were also found in the 
stratum lucidum of the CA3 area and the hilus of the DG 
at 1 day APISE [Figure 4d, arrow].

At 1 week APISE, the P2Y6 receptor localized to the 
neuronal membrane  [Figure  5a] in the hippocampus. 
It was also colocalized with GFAP immunopositive 
astrocytes [Figure 5a‑f].

In the hippocampus of the 3‑day SE mice, immunopositive 
P2Y12 neurons and microglia cells are shown in red, and 
the CD11b immunopositive microglia cells are shown 
in green. As they are colocalized, the microglial cells 
in Figure 6a‑i appear yellow. A diagram of our purine 
receptor immunohistochemical staining results are 
shown in Figure  7. P2X7 and P2Y12 are expressed in 
neurons and microglia, whereas P2Y6 is expressed in 
neurons and astrocytes DPISE and APISE.

Discussion

Key results
The authors studied the cellular distribution of 
P2X7, P2Y6, and P2Y12 DPISE and APISE. In the 
hippocampus of the control mice, the P2X7, P2Y6, 
and P2Y12 immunopositive cells were neurons, in 
principal cells  (pyramidal neurons and granule cells) 
and nonprincipal neurons. From 1 day to 3 days APISE, 
P2X7 was found to be expressed in active microglia, and 
at 1  day APISE, P2X7 was expressed by mossy fibers 
and/or terminals in the hilus of the DG, that is, it can 
also be expressed in axonal or presynaptic locations.[22] 
At approximately 3 days APISE, P2Y12 was expressed 
in reactive microglia. At approximately 3 days to 1 week 
APISE, P2Y6 was expressed in reactive astrocytes.

Using Western blotting, Huang et al. found that P2X7 
receptors increased at 1 day, reached their peak at 2 days, 
and returned to baseline at 2 weeks in the hippocampus 
in a rat SE model induced by Coriaria lactone.[23]

There is a range of P2Y receptors expressed in microglia, 
with P2Y1 receptors inducing microglial migration,[24] 

Figure 4:  Double immunofluorescence labeling of P2X7 with CD11b, NeuN, and GFAP in the hippocampus of the experimental mice. Double‑labeling immunofluorescence 
staining shows colocalization (yellow, arrows) of P2X7 (red) with CD11b (green). (a and d): 1-day after pilocarpine‑induced status epilepticus (APISE), (b):2-day APISE, (c): 
3-day APISE, and colocalization of P2X7(red) with NeuN (green). (e‑h): 2-day APISE. It also shows no colocalization of P2X7 (red) with GFAP (green). (i‑l): 3-day APISE. 

Scale bar = 50 µm in a‑l.
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P2Y6 receptors inducing microglial phagocytosis,[25] 
and P2Y12 receptors inducing chemoattraction of 
microglia to ATP accumulation sites.[26] The significance 
of the induced P2Y6 expression in astrocytes but not 
in microglia in the present immunofluorescence study 
needs to be investigated further.

The interactions between neurons or neurons and glia 
in the hippocampus are complex. As different layers of 
the hippocampus receive input from different brain or 
hippocampal regions, we described the detailed cellular 
distribution of these three purinergic receptors and 
hope that this information can provide clues for future 

Figure 5: Double immunofluorescence labeling of P2Y6 with GFAP in the hippocampus of experimental 1-week APISE mice. Double‑labeling immunofluorescence staining 
shows colocalization (yellow, arrows) of P2Y6 (red) with GFAP (green, a‑f) at 1 week APISE. Scale bar = 50 µm in b‑c, and 12 µm in a,d‑f
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Figure 6: Double immunofluorescence labeling of P2Y12 with CD11b in the hippocampus of the experimental 3-day APISE mice. Double‑labeling immunofluorescence 
microscopy shows colocalization (yellow, arrows) of P2Y12 (red) with CD11b (green, a‑i) at 3 days APISE. Scale bar = 50 µm in a‑i
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functional studies. ATP modulates the neuron–neuron 
and neuron–glia interactions and produces physiological 
effects via the P2X and P2Y receptors, which can be 
modulated using pharmacological methods.

Significance and the progressive changes of 
the expression of P2X7, P2Y6, and P2Y12 in 
hippocampal neurons and glial cells during
or after pilocarpine‑induced status
epilepticus
P2 receptors are mainly expressed in neurons and 
glial cells and can be involved in neurotransmission, 
neurogenesis, and neuron–glia interactions.[27,28] Among 
them, P2X4 and P2X7 function in tandem and are involved 
in neuroinflammation.[29] P2X4 is located on chromosome 
12, close to P2X7, and P2X4 and P2X7 have different 
affinities for ATP, milimolar ATP activates the former, 
while the latter is activated by micromolar concentrations.[30] 
P2X4 works with pannexin 1 to release ATP and trigger 
the reaction, and P2X7 amplifies this signal and elevates 
the information in the brain.[31] P2X7 can promote the 
release of proinflammatory cytokines such as IL1α, IL1β,[32] 
IL6,[33] and IL18,[34] and act as gate keeper of inflammation. 
Spontaneous seizures are the manifestation of epilepsy, 
and epileptogenesis is the underlying mechanism.[35,36] It 
was found that P2X7Rs are preferentially expressed on 
resident macrophages‑microglia cells in the central nervous 
system(CNS),[37] which is consistent with our findings.

As stated in the introduction section, ATP can mediate 
signaling among astrocytes and the signal between 
astrocytes and neurons or microglia. Astrocytes can 
release ATP in different ways under physiological 
or pathological conditions.[12] When epilepsy occurs, 
astrocytes release ATP, and through P2X7 receptors, 
mediate communication between microglia and 

astrocytes. Activated P2X7 receptors on the microglia 
trigger inflammatory signals and promote astrogliosis.[38] 
The interaction of astrocytes with neurons occurs mainly 
through metabotropic P2Y1 receptors, while the 
interaction of astrocytes with microglias occurs mainly 
through ionotropic P2X7 receptors.[39] Their interactions 
are characterized by immune cells entering the CNS 
system and the activation of astrocytes and microglia.[40] 
Neuroinflammation has two functions: one is to promote 
astrogliosis, and the other is to alter the excitability of 
neuronal networks.[41] In conclusion, purinergic signaling 
is vital for astrocytic cell‑to‑cell communication.[42]

P2X7 expression is elevated in the hippocampus and cortex 
in both epilepsy models and in patients with temporal 
lobe epilepsy.[20,43‑45] It has been found to be expressed on 
microglia, mossy fibers, and nerve terminals in epilepsy rat 
models induced by pilocarpine, which is consistent with 
our results. We also demonstrate the cellular distribution 
of it in different time points of SE.[19,20] Activation of P2Y12 
on microglia can elicit microglial process outgrowth, and 
stimulate migration to the inflammation sites via PI3K/
PLC signaling. It guides the inflammatory factors to the 
injury site and mediates neuronal damage.[46,47]

Figure  8 summarizes the different functions of P2X 
and P2Y receptors in the progression of epilepsy. 
A shows that (1) when the brain has an acquired insult, 
ATP is released through different pathways: ATP and 
its breakdown products, such as ADP, activate P2 
receptors and induce cell motility, proliferation, and 
activation of microglia, and astrocytes. (2) The activation 
of microglial P2X receptors leads to up‑regulation of 
inflammatory transcription factors  nuclear factor-κ-
gene binding (NF-κB) and nuclear factor of activated 
T cells (NFAT); this is also applied for P2Y1. ATP and 
ADP act on the P2Y12 receptors of microglia, initiating 
proinflammatory cascades, and releasing ATP. (3) P2Y1 
activation in the endoplasmic reticulum of astrocytes 
releases Ca2+, inducing cytokine and ATP release. ATP 
further potentiates these inflammatory cascades via 
paracrine‑signaling. (4) Inflammation and ATP increase 
brain excitability and epilepsy progression. Chronic 
inflammation and excitotoxicity during seizures induce 
further release of ATP and exacerbate the development 
of epilepsy. B shows seizure suppression effects when 
some of the P2 receptors are blocked at different stages 
of acquired epilepsy.[8] Apoptosis/necrosis and neuronal 
progenitor cells (NPCs) differentiation are associated with 
P2X7R activation.[48] P2Y1 receptors are involved in NPC 
proliferation and migration.[49] Therefore, the function of 
P2Y6 in epilepsy warrants further investigation.

Limitation
As stated in the Introduction, there are seven types of P2X 
receptors and eight types of P2Y receptors; however, we 

Figure 7: The cellular distribution of P2X7, P2Y6, and P2Y12 during or after 
pilocarpine‑induced status epilepticus which is created by Figdraw. P2X7 and 

P2Y12 are expressed in neurons and microglia, whereas P2Y6 is expressed in 
neurons and astrocytes DPISE and APISE.
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studied only three of them. The roles of other purinergic 
receptors in epileptogenesis remain unknown. We failed 
to obtain positive results for P2X4 expression.

Interpretation
Our study supports the notion that the expression of 
purinergic receptors changes during epilepsy progression. 
P2X7, P2Y6, and P2Y12 triggered the interaction of neurons, 
astrocytes, and microglia with neuroinflammation, and 
play a role in neuronal death and astrogliosis. Microglial 
dysregulation may reinforce inflammation and cause 
cell death. P2X7 receptor antagonists, such as Brilliant 
Blue G, can pass through the blood–brain barrier and 
ameliorate the neuropathology in several animal models 
of neurodegeneration. Klaft et  al.[50] demonstrated that 
P2X7 receptor antagonists exert antiepileptic effects in 
the medial entorhinal cortex of pilocarpine‑induced 
rat SE models. MicroRNA‑22  (miR‑22), which targets 
P2X7 and negatively regulates its expression, and its 

inhibitor  (antagomir‑22)‑treated epileptic mice show 
more severe epileptic symptoms than scramble‑treated 
epileptic mice.[51] In general, purinergic receptors may 
be targets for the treatment of epilepsy.[52] Clinical trials 
have demonstrated that brain‑penetrant P2X7 receptor 
antagonists are safe.[53] Even the purine levels in the 
blood have been proven to be relevant to seizure severity. 
They are elevated in patients with epilepsy, which can 
be developed as a biomarker for epilepsy patients.[54] 
Anti‑inflammatory drugs such as purinergic receptors 
antagonists have reached the clinical trial stage, which 
could pave the way for their future clinical use.[55]

Conclusion

Purinergic receptors are differently expressed during the 
specific phases of the epilepsy progression. For P2X7, it is 
predominantly expressed in neurons, and after seizures 
occur, it is expressed in neurons and microglial cells as 

Figure 8: The different function of P2X and P2Y in the progression of epilepsy[8]. (a) After an insult, ATP is released along with its breakdown products. These products 
activate P2 receptors in microglia and astrocytes, which in turn initiates proinflammatory cascades and further ATP release. This process increases brain excitability and 

epilepsy progression. (b)Regarding what happens when P2 receptors are blocked at different stages of acquired epilepsy: At the initial insult stage, blocking P2X7 or P2Y1 
receptors will cause seizure suppression. However, blocking P2Y12 receptors will lead to increased seizure severity. During the latent stage, blocking P2X7, P2X3, or P2Y1 

receptors will delay the development of epilepsy. In the later stage, blocking P2X7 or P2Y1 receptors will again cause seizure suppression.

b

a
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well as mossy fibers indicating cell over‑excitation. P2Y6 
is expressed in astrocytes at 3-7 days APISE, while P2Y12 
is expressed in microglial cells at 3 days APISE.

The purinergic pathway plays a crucial role during 
the acute to latent stages of epileptogenesis. At these 
stages, nucleotides act as mediators to induce the 
interaction between microglial cells and neurons, 
and astrocytes with different pathways leading to the 
convergence of microglial cells at the site of damage 
and consequential engulfing of the dead neurons, 
thereby leading to astrogliosis. Purinergic agents can 
stimulate P2 receptors on neurons or trigger the release of 
proinflammatory cytokines from astrocytes or microglia, 
thereby contributing to neurodegenerative diseases. 
These observations agree with those of Abbracchio and 
Frankes’.[56,57] The selected P2X or P2Y antagonists could 
be used as prospective treatment strategies for epilepsy. 
Purinergic receptors in blood can be used as biomarkers 
for the early diagnosis of epilepsy.
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