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Increasing the Probability of Discovering Improved 
Antiepileptic Drugs through the Use of Human 

Epileptic Tissue

Editorial

Epilepsy affects millions of people world-wide with wide-
ranging health and economic consequences [1]. A first-line 
approach to the control of epilepsy is through the administration 
of anticonvulsant drugs sometimes referred to as antiepileptics [2]. 
These medicines help control seizure activity but the evidence for 
controlling disease progression in patients is not firmly established 
[3]. There are many antiepileptics approved for clinical use [2] 
that dampen excitatory neurotransmission through different 
mechanisms including positive allosteric modulation of GABA 
(e.g., diazepam, valproic acid) and blockade of ion channels (e.g., 
gabapentin, lacosamide).

However, the need for improved antiepileptics is clearly 
mandated despite this plethora of antiepileptics. Standard of care 
agents do not fully control epilepsies and have a variety of side-
effect and safety issues including sedation, dizziness, cognitive 
impairment, and weight gain [4,5]. Patients typically take multiple 
antiepileptic drugs to increase the probability of seizure control 
and yet many patients continue to have seizures [6]. The continued 
occurrence of seizure activity not only puts the patient at risk, but 
each new seizure event increases the probability of subsequent 
epileptic events through sensitization mechanisms called seizure 
kindling [7,8]. Moreover, nerve cell death can arise [9]. Antiepileptic-
unresponsive seizures are life-disrupting and life-threatening [10]. 
One approach to seizure control to drug-refractory epilepsy is 
surgical resection of affected brain tissue and associated neural 
circuits as required to control seizures [11,12]. 

In addition to detecting novel biological substrates for the  
construction of improved antiepileptics [13], human epileptic  
tissue serves another key use in the discovery process. Human  
epileptic tissue data can significantly increase the ability to translate 
laboratory findings to the human epileptic patient. Combined 
with data from rodent models (e.g., seizure-provocation models), 
studies with human epileptic tissue offer direct assessment of 
the availability of the drug target in diseased tissue, the potential 
modification of the drug target by conventional antiepileptic 
drugs, and the functional ability of the new chemical entity to 
block seizures. Thus, patient-based biological data increase the 
probability that a newly discovered molecule will translate into 
antiepileptic efficacy in patients. Two examples are provided here 
to illustrate the value-added proposition of using human epileptic 
brain tissue in the drug discovery process. 

Positive allosteric modulators of GABAA receptors are 
anticonvulsant (e.g., diazepam) and the 1 protein associated 
with GABAA receptors confers sedative liability [14]. A dedicated 
medicinal chemistry effort was directed toward increasing the 
oral bioavailitity of ethyl 8-ethynyl-6-(pyridin-2-yl)-4H-benzo[f]
imidazo [1,5a] [1,4] diazepine-3-carboxylate (HZ-166) for the 
purpose of creating a more drug-like modulator of GABAA receptors 
with reduced interaction with 1 proteins associated with 
sedation. 5-(8-ethynyl-6-(pyridin-2-yl)-4H-benzo[f]imidazo[1,5]
[1,4] diazepin-3-yl) oxazole (KRM-II-81) was discovered through 
iterative chemistry steps where a bioisosteric replacement strategy 
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was taken to reduce the metabolic liability of the ester function of 
HZ-166. The resulting oxazole, KRM-II-81, demonstrated selectivity 
for the 3 protein over 1 but with significant enhancements in 
its ability to expose plasma and brain through systemic and oral 
dosing [15]. It was postulated that KRM-II-81, that displayed 
anxiolytic activity [15,16], would be anticonvulsant like diazepam 
but would have a larger separation in doses between those 
generating anticonvulsant vs. those producing motor-impairing 
effects. Multiple rodent seizure-provocation models confirmed 
this pharmacological profile [17]. However, additional confidence 
in whether this novel drug target of GABAA(α2/3) receptors would 
be viable in patients was needed. Slices of cortical tissue resected 
from two epileptic patients were used to help establish this 
human translational data element. Electrophysiological recording 
of activated epileptic brain tissue demonstrated that KRM-II-81 
significantly suppressed increased network activity induced by 
two distinct pharmacological agents (picrotoxin and AP-4) [15]. 
These human tissue data provided assurance that GABAA(α2/3) 
receptors are present in epileptic brain and that KRM-II-81 is able 
to access these receptors in order to functionally dampen epileptic 
phenomenon. These conclusions regarding KRM-II-81 would not 
have been possible without the use of human epileptic brain tissue. 
Confidence in an investment in the clinical development of KRM-
II-81 is thus enhanced by these clinically-translatable findings. 

A second example comes from the discovery of 6-[(1S)-1-[1-
[5-(2-hydroxyethoxy)-2-pyridyl] pyrazol -3-yl] ethyl]-3H-1,3-
benzothiazol-2-one (CERC-611, formerly known as LY3130481). 
CERC-611 is an AMPA receptor antagonist that selectively blocks 
AMPA receptors associated with the auxiliary protein TARP-8 
[17]. Perampanel (Fycompa) blocks AMPA receptors globally 
across the brain to reduce fast excitatory neurotransmission [18]. 
At the same time however, side-effects in animal models; [18-21] 
and in patients [22] of motor impairment are observed. These side 
effects limit the doses of perampanel that can be given and thereby 
potentially limit its efficacy as an antiepileptic agent. CERC-611was 
discovered through a multi-tiered compound library screening 
system [18] to find an AMPA receptor antagonist that had selectivity 
for AMPA receptors associated with TARP-8 over TARP-2. 
Screening was followed up by iterative medicinal chemistry 
campaigns for drug optimization [23]. The rationale for this search 
was based upon protein expression patterns;-8 is localized 
in forebrain regions in rodent and human brain, whereas -2 is 
located largely in cerebellum [24]. It was hypothesized that an AMPA 
receptor antagonist with selectivity for AMPA receptors associated 
with TARP-8 over-2 would retain the anticonvulsant efficacy 
of perampanel but would have a reduced liability for motor impact 
from minimized interaction with cerebellar AMPA receptors. This 
hypothesis was realized in rodent models [18,25]. However, despite 
activity of CERC-611 in multiple acute and chronic models of seizure 
provocation, it was still not clear if CERC-611 would function as an 
anticonvulsant with attenuated motor side-effect in patients with 

epilepsy. This possibility was evaluated with human epileptic tissue: 
CERC-611 selectively blocked AMPA current in human cortex but 
not cerebellum [18], whereas perampanel blocked in both tissue 
domains [18,21] mirroring its motoric disrupting pharmacology. 
Further, despite its actions upon only a subset of AMPA receptors, 
CERC-611 blocked network activity in slices freshly resected from 
human epileptic brain [25] as did perampanel [21]. As with KRM-
II-81, data from human epileptic brain was used to increase the 
basis for the proposition that CERC-611 would be antiepileptic in 
patients with decreased propensity for motoric problems. CERC-
611 is currently under clinical development.

Taken as a whole, combined experimental data input from the 
preclinical laboratory along with data derived from studies with 
human epileptic brain can help direct focus on novel drug targets 
for epilepsy and increase the prediction that pharmacological data 
from a new chemical entity will translate to efficacy in epileptic 
patients.
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