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 Epilepsy affects more than 2 million people in the United States.
   

Epilepsy is defined as a 

condition caused by abnormal electrical activity in the brain which results in a seizure.  The type 

of seizures that will be focused upon are muscle spasms and loss of consciousness.  Because 1 in 

10 will develop some form of epilepsy in their lifetime, it is a disorder that is constantly being 

researched.
1
 One of the areas that has become an area of interest is the Pannexin1 (Panx1) 

Channel because it has been linked to epilepsy. 

 The Panx1 Channel is an integral membrane protein with two extracellular loops and one 

intracellular loop; its amino (NT) and carboxyl (CT) termini are on the inside of the cell exposed 

to the cytoplasm.  Panx1 has an N-glycosylation site at amino-acid 254 and two cysteine residues 

in each extracellular loop (C).  Panx1 has also been known to oligomerize into a hexamer to form 

single-membrane channels at the surface of the cell (EL1, EL2).
2
  (Fig. 1) 

 
Fig. 1:  This picture is used to clarify the position of the Panx1 Channel in comparison to the cell 

membrane.
 

Panx1 can be opened by mechanical stimulation, caspase cleavage, cytoplasmic Ca
2+

, membrane 

depolarization, and extracellular ATP and K
+
; it has many different scenarios that can cause it to 

malfunction which include CO2-mediated cytoplasmic acidification, negative feedback from 

ATP release, mimetic peptides, and channel blockers such as carbenoxolone, probenecid, and 

fluefenamic acid.  Some channel blockers that will be important in later experiments are 

carbenoxolone, probenecid, and fluefenamic acid.  What links Panx1 to epilepsy is that it is part 

of the P2X7 receptor complex that is necessary for ATP release.  The ATP is released by 

caspases which cleave Panx1 and open the channel to allow for the release.
2   

 P2X7 is a channel 

that when activated, opens an ion channel, but it also slowly opens Panx1.  Panx1 is a channel 

that releases ATP and other ions from the cell.
3
 It releases ATP and other ions in the brain 

because of its co-expression with P2X7. During a seizure, there is a decrease of O2 and glucose 

which can open the Panx1 channel and can lead to conductance of large currents.  Because 

seizures are caused by abnormal electrical activity, this release of large current can prolong a 

seizure.  Ways to control the Panx1 channel is continually being studied.
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  The first step in finding a way to control a specific channel is figuring out how exactly it 

works with many experiments.  Back in 2009, researchers hypothesized that Panx1 was activated 

by K
+
; researchers did this experiment on Xenopus oocytes.  Xenopus is a species of frog which 

is often used for experimentation for gene expression and channel activity due to human disease.    

Varying amounts of K
+
was applied to the voltage-clamped Panx1 at -50 mV.  This is a potential 



 

 

at which the channel is normally closed.  The researchers started out with 130 mM K
+
 and 

decreased it until 20 mM.  20 mM was the lowest concentration that was possible to still see 

detectable activation of Panx1.  Panx1 is suspected to open only when depolarized to positive 

membrane potentials.  When the K
+
 was added along with voltage, Panx1 was activated with 

depolarization enabling the process.  At high positive potentials, K
+ 

was not as effective.  This 

experiment showed that when Panx1 is exposed to high doses of K
+
, it will open at potentials 

that it would normally be closed.  The experiment was also able to prove that Probenecid can 

block Panx1 from being activated with K
+
.  Probenecid is Panx1’s “specific” inhibitor; it stops 

voltage-induced Panx1 currents.
4
   

 More research was done connecting Panx1 and epilepsy after 2010 because after 

researchers knew the structure and the primary role of Panx1, they wanted to know what else it 

did.  The next experiment was done using mice hippocampal tissue and exposing it to Co
2+ 

which 

was used to induce the seizures.  Once the seizures were induced, it was shown that the Panx1 

expression increased.  They knew that this was due to the seizure activity because it did not 

occur during their controls.  This was the next step in research because it was able to show 

evidence that Panx1 is, in fact, stimulated during seizure activity.
5 

 
The most important chemical that the Panx1 channel can release that contributes to 

seizures is ATP.  It is important that the previous researchers were able to prove that the Panx1 

expression is increased due to seizure activity.  An experiment done by another set of researchers 

was done with mice as well, but there was a new, improved control that was used.  They are 

called Panx1 KOfirst mice; these are mice that have had the Panx1 channel removed from their 

genome, so if they have a response to an inhibitor that is supposed to be specific to the Panx1 

channel, something is wrong.  This time the experiment was not just done to see if Panx1 showed 

expression; there were before and after tests done to measure how much ATP was being released 

extracellularly during the opening.  The ATP was measured using luciferin/luciferase assay 

which uses bioluminescence to determine the amount of ATP, and it was found that during the 

induced seizure activity the ATP levels rose from 0.18±0.02 nM/µg to 0.36±0.02 nM/µg; the 

concentration doubled.  This was a big discovery.  Are seizures being prolonged due to this 

increase in levels of ATP?
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 ATP may be the cure to the prolonged seizures.  ATP can be broken down into adenosine 

by ectonucleotideses.  An increase in extracellular adenosine has been seen to give antiepileptic 

effects like many antiepileptic drugs.  An experiment was performed on humans with epilepsy.  

The individuals showed improvement when they were exposed to an adenosine-releasing graft.  

This is a very big step towards helping patients with epilepsy that cannot be controlled with the 

traditional antiepileptic drugs.
7  

Antiepileptic drugs are medications taken by an individual with 

epilepsy.  These drugs target voltage-gated cation channels (Ca
2+

, Na
+
, and K

+
).
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 The experiments done above were able to link the Panx1 to epilepsy.  This is an 

important discovery because epilepsy can be a very treatable disorder, but if it is not able to be 

treated, it causes fatality.  Due to this fact, anything that shows promising effects to curing or 

helping with this disorder is being researched.  
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