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A major treatment modality of epilepsy consists of phar-
macological interventions using small-molecule drugs 
that reduce the incidence and severity of seizures. In the 
last decades, efforts to discover these antiseizure medica-
tions (ASMs) have been dominated by a phenotypic ap-
proach using rodent seizure and epilepsy models. These 
efforts have resulted in the marketing of numerous small 
molecules that effectively treat the symptoms of the dis-
ease.1 Unfortunately, a significant number of patients fail 
to achieve seizure freedom due to the occurrence of drug-
resistant epilepsy (DRE), even when these ASMs are ad-
ministered in combination.2

In an effort to find new molecules with an improved 
clinical efficacy profile, different research groups have 
taken different paths. An interesting approach is based on 
identifying compounds of interest using connectivity map-
ping (CMap, Broad Institute),3 a database that provides the 
ability to compare the transcriptional profile of a disease 
with the gene expression signatures elicited by treatment 
of mammalian cells with these compounds. Highly similar 
or opposing expression signatures are termed connected 
and suggest disease- and compound-related physiological 
effects on mammalian cells. Thus, by querying a disease-
related gene expression profile against the CMap database, 
one can find compounds with an expression profile that is 
opposite to the profile found for the disease, and that by 
reversing the genetic background of the disease, may im-
prove the disease-related symptomatology. Importantly, 

the database also includes approved medicinal products, 
which offers the possibility to bring repurposed therapeu-
tics to the market, reducing the costs associated with tra-
ditional de novo drug development.

In previous work, a similar CMap-based strategy was 
used to identify compounds that could revert the diseased 
transcriptional profile of human tissue from epilepsy-
affected brains. Next, a selection of compounds was func-
tionally tested in a behavioral assay with zebrafish larvae 
and was found to suppress PTZ-induced seizures.4 In the 
present follow-up study, Morgan Sturgeon and coworkers 
discovered that naltrexone, a compound previously found 
in the C-Map query, was able to decrease the abnormal 
locomotion of PTZ-treated zebrafish larvae and homozy-
gous scn1Lab mutant (scn1Lab−/−) zebrafish.5

The latter mutant fish represent a model of Dravet 
syndrome (DS), a severe and highly drug-resistant devel-
opmental and epileptic encephalopathy, in the majority 
of cases due to SCN1A gene mutations, with onset of re-
current seizures during the first year of life of patients.6 
Of note, the zebrafish DS model was previously used to 
identify potential treatment options for Dravet syndrome7 
and to further decipher the mechanism of action of fen-
fluramine,8 a therapeutic that together with cannabidiol is 
now considered second-line treatment for DS patients.9,10

In addition to the effects observed in the zebrafish mod-
els, naltrexone was also able to reduce in vitro neocortical 
seizure-like events in brain slices of adult WT mice, and to 
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decrease in vivo the number and duration of PTZ-induced 
convulsive seizures in mice.

The results of the current study therefore confirm the 
possibility of using certain opioids as ASMs, at least in 
specific conditions. Naltrexone is presently used in the 
clinic for treating alcohol use disorder and manage opioid 
abuse.11,12 The compound is considered a nonselective opi-
oid receptor antagonist, although there is a significantly 
higher affinity for μ-receptors than for κ- and δ-receptors 
(Ki: 0.89 nM, 20.2  nM and 64.1  nM, respectively).13 As a 
result, naltrexone has been found to produce a nearly com-
plete blockade of μ-receptors in humans at a dose of 50 mg/
day, compared with 20% to 35% blockage of δ-receptors.12

In previous studies, naltrexone has demonstrated anti-
seizure but also proseizure effects at different doses using 
different animal models.5 It is therefore tempting to think 
that the conflicting profile of the compound largely de-
pends on the amount of different opioid receptors occu-
pied, in combination with their relative distribution across 
different areas of the brain and the epileptic foci involved. 
In the current study, the homozygous scn1Lab mutant ze-
brafish larvae were exposed by immersion to 75 μM nal-
trexone at 7dpf (days post-fertilization), but it is presently 
not known how much compound entered the brain, and 
what the affinity is for the zebrafish's individual opioid re-
ceptors. Future work could address these pending issues 
with the goal of further deciphering the mechanistic back-
ground of the results and translating the present findings 
to the clinic.

In conclusion, the data show that a combined CMap-
zebrafish drug discovery strategy can be successfully 
applied to find antiseizure hits and identify novel pharma-
cological applications in the field of epilepsy.

CONFLICT OF INTERESTS
I have no conflicts of interests to disclose. I confirm that 
I have read the Journal's position on issues involved in 
ethical publication and affirm that this report is consistent 
with those guidelines.

ORCID
Peter de Witte   https://orcid.org/0000-0002-9989-9567 

REFERENCES
	 1.	 Sills GJ, Rogawski MA. Mechanisms of action of currently used 

antiseizure drugs. Neuropharmacology. 2020;168:107966.
	 2.	 Kalilani L, Sun X, Pelgrims B, Noack-Rink M, Villanueva V. The 

epidemiology of drug-resistant epilepsy: a systematic review 
and meta-analysis. Epilepsia. 2018;59:2179–93.

	 3.	 Subramanian A, Narayan R, Corsello SM, Peck DD, Natoli TE, 
Lu X, et al. A next generation connectivity map: L1000 platform 
and the first 1,000,000 profiles. Cell. 2017;171:1437–52.

	 4.	 Brueggeman L, Sturgeon ML, Martin RM, Grossbach AJ, 
Nagahama Y, Zhang A, et al. Drug repositioning in epilepsy 
reveals novel antiseizure candidates. Ann Clin Transl Neurol. 
2018;6:295–309.

	 5.	 Sturgeon ML, Langton R, Sharma S, Cornell RA, Glykys J, 
Bassuk AG. The opioid antagonist naltrexone decreases seizure-
like activity in genetic and chemically induced epilepsy models. 
Epilepsia Open. 2021;6:528–38.

	 6.	 Wirrell EC, Nabbout R. Recent advances in the drug treatment 
of Dravet syndrome. CNS Drugs. 2019;33:867–81.

	 7.	 Baraban SC, Dinday MT, Hortopan GA. Drug screening in Scn1a 
zebrafish mutant identifies clemizole as a potential Dravet syn-
drome treatment. Nat Commun. 2013;4:2410.

	 8.	 Sourbron J, Smolders I, de Witte P, Lagae L. Pharmacological 
analysis of the anti-epileptic mechanisms of fenfluramine in 
scn1a mutant zebrafish. Front Pharmacol. 2017;8:191.

	 9.	 Lagae L, Sullivan J, Knupp K, Laux L, Polster T, Nikanorova M, 
et al. Fenfluramine hydrochloride for the treatment of seizures 
in Dravet syndrome: a randomised, double-blind, placebo-
controlled trial. Lancet. 2019;394:2243–54.

	10.	 Lagae L. Dravet syndrome. Curr Opin Neurol. 2021;34:213–8.
	11.	 Edinoff AN, Nix CA, Orellana CV, St Pierre SM, Crane EA, 

Bulloch BT, et al. Naltrexone implant for opioid use disorder. 
Neurol Int. 2021;14:49–61.

	12.	 Ray LA, Chin PF, Miotto K. Naltrexone for the treatment of al-
coholism: clinical findings, mechanisms of action, and pharma-
cogenetics. CNS Neurol Disord Drug Targets. 2010;9:13–22.

	13.	 Takemori AE, Ho BY, Naeseth JS, Portoghese PS. Nor-
binaltorphimine, a highly selective kappa-opioid antagonist in 
analgesic and receptor binding assays. J Pharmacol Exp Ther. 
1988;246:255–8.

https://orcid.org/0000-0002-9989-9567
https://orcid.org/0000-0002-9989-9567

	Commentary on “Antiseizure activity by opioid receptor antagonism, new evidence”
	CONFLICT OF INTERESTS
	REFERENCES


