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Abstract: Sodium channel blocking, anticonvulsant activity, and sigma (o) binding of selected leads in a series of a-
amino amide anticonvulsants were examined. While anticonvulsant compounds were always endowed with low
micromolar sodium (Na*) channel site-2 binding, compounds with low site-2 Na* channel affinity failed to control
seizures. No correlation could be drawn with o, binding. Both anticonvulsant and Na* channel blocking activities
were independent of stereochemistry, while o, binding seems to be favoured by an S-configuration on the
aminoamide moiety. © 1999 Elsevier Science Ltd. All rights reserved.
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Epilepsy is a leading neurological disorder in man, currently affecting 50 milion people world-wide.
Classical antiepileptic drugs, such as phenobarbital, phenytoin carbamazepine and valproic acid do not
produce complete or satisfactory seizure control in roughly 25-30% of the treated patients.'

Some novel drugs for epilepsy have recently been marketed (e.g., vigabatrin, lamotrigine, gabapentin,
oxcarbazepine, felbamate) and it appears that some of them may be better tolerated than established
anticonvulsant drugs.’

Despite the variety of drugs now available in the market that permit control of the seizures in the majority
of cases, there is still a need for new antiepileptic drugs with more potent and broader spectrum
anticonvulsant effect and less toxicity.

In a program aimed at the discovery of new, potent and safe anticonvulsant agents, various 2-
aminopropanamides were evaluated and found highly active in physically- and chemically-induced animal
seizure models.’ PNU-151774E (1) was the lead compound of this new class of anticonvulsants.* Its
receptorial profile demonstrated no affinity for GABA receptors or excitatory amino acid (EAA) receptors,
but a high affinity for sodium channels and sigma-1 (o) binding sites.’
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Although the role of o binding sites in the CNS remains unclear, there is a considerable evidence
supporting their biological relevance.®” In particular, a link between ¢ activity and inhibition of glutamate

(Glu) release has been recently proposed®'’ and o binding sites have also been
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involved in the potentiation of kainic acid (KA), an EAA with potent excitotoxic and pro-convulsant

properties. '

1 was found to inhibit at low micromolar concentrations the binding of *H-batrachotoxin a-20-benzoate
(BTX-B) at site 2 of rat brain sodium channels. Several lines of evidence converge towards an important

role of sodium channel blockade in neurologic disorders such as epilepsy and cerebral ischemia.’*™"’

Many
compounds endowed with anticonvulsant activity (e.g. phenytoin, carbamazepine, lamotrigine,
dextromethorphan, riluzole) are thought to display their effect mainly through blockade of the voltage-gated
neuronal sodium channels.'®

In the present work possible correlations between rat brain sodium channel site-2 affinity, ¢ binding, and
anticonvulsant activity in the MES test were examined for four selected leads in the 2-aminopropanamide
series (1,3,5,7) and their R-enantiomers (2,4,6,8) and compounds bearing different spacers between the two
phenyl moieties or in the aminoamide part of 1.

Compounds (2-12) were synthesized by reductive alkylation of the suitable optically pure a-amino acid
derivatives and aldehyde following a previously described protocol.*"’

The affinity of (1-12) to o binding sites (Table 1) did not correlate with their anticonvulsant activity as
measured in the MES test. Some of the compounds (i.e., 1 or 5) displayed a high affinity for the &;-site and
were potent anticonvulsants. Others (i.e. 4, 10 and 11) were ineffective o, ligands, while retaining a similar
anticonvulsant activity. Since a lack of correlation emerged in this study between o; affinity and
anticonvulsant activity of 1-12, no attempt was made to establish a functional role (agonism or antagonism)
for these products at & receptors. It is interesting to note, however, that 5,-binding does not affect the safety
of the compounds, as judged by a comparison of the rotorod values for 1, 5 and 7, and for 4, 10 and 11
(Table 1). The lack of effect of 1 at NMDA receptors’ combined with its nanomolar affinity to o, sites is in
agreement with the current view that there is no direct interaction between o site ligands and NMDA
receptors. '

All compounds displayed only micromolar affinity for o, binding site.'” This affinity seems hardly related
with their anticonvulsant effect since there is no evidence in the literature of a relationship between
micromolar &, binding, a property shared by many different classes of compounds, and neuroprotective
effect. "’

Compounds 1-12 were devoid of affinity to the site 1 of rat brain sodium channels, labeled by *H-saxitoxin
(TTX-site)(Table 1). A broad correlation between the binding of 1-12 to the BT X-site at the o-subunit of rat
brain sodium channel and their anticonvulsant activity (Table 1) could be observed. All compounds blocked
this channel at micromolar concentrations and exhibited similar anticonvulsant action. Of course different
specific bioavailabilities of different compounds makes it difficult to quantitatively compare sodium channel
binding and anticonvulsant activity.

It is worthwhile to note that anticonvulsants that are classified among sodium channel blockers (e.g.,
lamotrigine (LMT) and dextromethorphan (DXM), Table 1) are seemingly acting on the channels in a
different manner: DXM is a potent site-2 sodium channel blocker while LMT is much weaker and thus must
exert its activity through a different mechanism of blockade. Interestingly compounds 1-10 displayed
protective indeces (Pls) consistently higher than the two reference compounds or other proven
anticonvulsants.*"

There was no stereoselectivity both in the anti-MES effect and in the sodium channel blocking activity for
all compounds. However, a certain degree of stereoselectivity was detectable in the o, binding affinity: the S
enantiomers were generally better ligands than the R counterparts.
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