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This paper contains five contributions which were presented as part of the novel therapies section of the
7th London-Innsbruck Colloquium on Status Epilepticus and Acute Seizures. These illustrate recent ad-
vances being made in the management and therapy of status epilepticus. The five contributions concern:
genetic variations in Na + channel genes and their importance in status epilepticus; the European Ref-
erence Network for rare and complex epilepsies EpiCARE; the North American Pediatric Status Epilepti-
cus Research Group (pSERG); Fenfluramine as a potential therapy for status epilepticus’ and the
valproate derivatives, valnoctamide and sec-butylpropylacetamide (SPD), as potential therapies for sta-
tus epilepticus.

This article is part of the Special Issue “Proceedings of the 7th London-Innsbruck Colloquium on Status Ep-
ilepticus and Acute Seizures”

© 2019 Elsevier Inc. All rights reserved.
As part of the 7th London-Innsbruck Colloquium on Status Epilepti-
cus and Acute Seizures, 5 papers were presented, which were con-
cerned with the aspects of novel treatment, and these are presented
jointly here.
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1. Status epilepticus and genetic variations in Na+ channel genes

Ulrike B.S. Hedrich, Holger Lerche
Status epilepticus (SE) is the most severe and often a life-

threatening form of an epileptic seizure. It is defined as an ongoing sei-
zure activity surpassing a conventional length, which is usually 3–5min
for a bilateral tonic–clonic (convulsive) seizure and 20–30 min for a
nonconvulsive focal seizure. Since bilateral convulsive SE is a life-
threatening condition needing immediate treatment, it is important to
know about the conditions that can lead to a status and to know as
much as possible about the underlying cause in order to determine
the best treatment options.

There is increasing evidence that specific medications are nec-
essary and effective in the treatment of severe genetic epilepsies
showing a high degree of pharmacoresistance. These diseases are
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often accompanied by developmental delay or regression and by a
persisting intellectual disability and are therefore called develop-
mental and epileptic encephalopathies (DEEs) [1]. Many of the
DEEs are caused by variants in ion channels, and since most of
the available antiseizure drugs (ASDs) target voltage- or ligand-
gated ion channels, specific consequences for treatment increas-
ingly emerge for those syndromes. This can be either a high effi-
cacy or a specific pharmacoresistance even with deterioration of
patient's seizures, depending on the functional deficits that are
caused by the variants [2, 3]. Since it is important to know about
these specific conditions in clinical practice, we here review the
neuronal Na+ channelopathies as a common example among the
genetic epilepsies, i.e., their most important clinical features, ap-
pearance of SE, and consequences for treatment. We focus on the
three most important Na+ channel genes of the mammalian
brain, SCN1A, SCN2A, and SCN8A, since those are common, whereas
little is known so far about epilepsies associated with variants in
SCN3A, which is expressed mainly during early development.
SCN1A, SCN2A, and SCN8A encode the main (alpha-)subunits of
the voltage-gated Na+ channels NaV1.1, NaV1.2, and NaV1.6.
Whereas NaV1.1 is the main channel in inhibitory interneurons,
NaV1.2 is mainly expressed in excitatory neurons with two differ-
ent expression maxima during development: early on around birth
in myelinated nerve fibers and later on around postnatal day 20
(P20) in unmyelinated fibers, which is related to different clinical
syndromes. NaV1.6 is expressed later than NaV1.2 in principal (ex-
citatory) pyramidal neurons but also found abundantly in inhibi-
tory neurons [4, 5] (Fig. 1).

Variants in SCN1A cause a large variety of mild to severe ep-
ilepsy syndromes, from simple febrile seizures to the most se-
vere form, which is Dravet syndrome (DS). Only for DS, a high
incidence of SE has been described. Dravet syndrome is charac-
terized by febrile, often prolonged seizures starting in the first
or second year of life, and by afebrile myoclonic and generalized
or hemitonic or -clonic seizures, accompanied by developmental
delay or regression. Status epilepticus is common in DS ranging
from 74 to 92% of observed cases. It presents mainly as febrile
SE in the first or second year (often clonic, asymmetric, also al-
ternating sides), and after the second year, as afebrile general-
ized clonic, asymmetric tonic, or multifocal migrating SE [6–8].
The outcome is unfavorable after frequent SE in terms of sei-
zures [7], cognition [9], and residual syndromes, e.g., three
cases with tetraparesis were described [8]. In addition, the mor-
tality is high: in 100 cases of DS, 87 of which due to SCN1A var-
iants, 17 deaths occurred, 10 due to Sudden Unexpected Death
in Epilepsy (SUDEP) four due to SE, two due to drowning, and
one due to asphyxia [10]. A literature-search for deaths in DS re-
vealed 177 deaths, of which 87 were due to SUDEP (49%), 56
due to SE (32%), 14 due to drowning/accident (8%), and 20 for
other reasons (11%) [11]. In addition, a severe form of cerebral
edema after febrile SE, with herniation and death, was described
in five cases, which may be one reason for mortality after SE in
DS [12].

Treatment response was analyzed in a survey of 109 cases [6]:
Stopping of ongoing SE was achieved for 75–100% of cases with bar-
biturates, for 69% with midazolam, for 54% with diazepam, but only
for 21% with lidocaine, and only 15% with phenytoin. Prophylaxis
for SE was well obtained with bromide (41%) but not with phenytoin
(2,6%) or carbamazepine (0%). These observations fit well the known
problem to treat DS with Na+ channel blockers [13]. However, ben-
eficial effects of lamotrigine or provoked seizures after withdrawal
of lamotrigine were reported in older patients [14], in which SE is
more rare, seizures are less severe, and cognitive decline usually
stops.

The pathophysiology of SCN1A-related syndromes including DS
is commonly thought to be built on a deficit of interneuron firing
because of a reduced expression or reduced function of NaV1.1
channels in interneuron axon initial segments [15–17]. However,
the reduced expression seems to be compensated in mouse
models later in development [18], which correspond to the afore-
mentioned changes of the pharmacoresponse and severity in older
age.

SCN2A-related epilepsy syndromes also cover a wide pheno-
typic spectrum from mild to severe disease. Nevertheless, SE is
generally a very rare condition in these syndromes. There are
two different age periods of onset, one in the neonatal–infantile
period and another one later on, which are also related to the
pathophysiology and treatment response. Early onset syndromes
(b3 months of age) include benign familial neonatal–infantile
epilepsy, Ohtahara syndrome, epilepsy of infancy with migrating
focal seizures, and unspecific encephalopathy with early infantile
onset epilepsy. The later onset syndromes (N3 months) include
West syndrome, epilepsy with myoclonic–atonic seizures,
Lennox–Gastaut syndrome, unspecific encephalopathy with in-
fantile/childhood onset epilepsy, and intellectual disability or
autism without epilepsy. In more than 200 cases, only six cases
of ESES (electrical SE during sleep)-like syndromes and two
cases of SE occurred, of which the two early onset cases (1
ESES, 1 SE) responded to Na+ channel blockers. For the late
onset cases, one SE was induced by lamotrigine, and of three
ESES cases treated with Na+ channel blockers, none responded
and some deteriorated. This principle of pharmacoresponse
does also apply to the epilepsy syndromes: The early onset
cases, which are caused by gain-of-function (GOF) variants, re-
spond well to Na+ channel blockers, whereas the late onset
cases, which are caused by loss-of-function (LOF) variants, do
not respond well to Na+ channel blockers [19]. The aforemen-
tioned different early and late expression patterns may explain
these differences, since early expression of GOF variants in pyra-
midal neurons can well explain the early onset epilepsies,
whereas later expression of LOF variants in unmyelinated fibers,
which at least in the case of mossy fibers in the hippocampus
largely project to inhibitory neurons, could explain later onset
seizures with and lack of response to Na+ channel blockers, sim-
ilar as in SCN1A-related disease [19, 20].

SCN8A-related epilepsy is less well described than the two
other Na+ channelopathies so far, but it is clear from the current
literature that the associated epilepsy syndromes are less spe-
cific and that SE is a common phenomenon in severe cases. Be-
nign cases with benign familial infantile (BFIE) do not develop
SE [21], but nonconvulsive SE (NCSE) was found in 16/22 cases
in patients with severe DEE due to de novo variants, 14 of
which had recurrent NCSE. Treatment responses were not well
documented, but it emerges that the early onset DEEs are due
to GOF variants that respond quite well to Na+ channel blockers
[22], similar in SCN2A-related disease, whereas developmental
delay, intellectual disability, or autism without epilepsy have
LOF mutations [23–25].

In summary, SE is a common and threatening condition in DS and in
SCN8A-related DEE, but not in SCN2A-related syndromes. In SCN1A- and
SCN2A-related late onset diseases due to loss-of-function variants, Na+

channel blockers should be avoided, whereas these drugs are beneficial
in early onset SCN2A- and SCN8A-related syndromes that are caused by
gain-of-function variants.



Fig. 1. Localization of the voltage-gated sodium channels NaV1.1, NaV1.2 and NaV1.6. Scheme of an excitatory pyramidal cell (blue) and an inhibitory neuron (green) and their synaptic
connections. NaV1.1 is mainly expressed at axon initial segments of inhibitory neurons. NaV1.2 is localized at the axon initial segment and nodes of Ranvier of excitatory pyramidal cell.
NaV1.6 is found at axon initial segments (AIS) and nodes of Ranvier as well as at lower abundance in the soma and dendrites of pyramidal neurons and also at axon initial segments of
inhibitory neurons.
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2. The European Reference Network for rare and complex epilepsies
EpiCARE and its role in status epilepticus

J Helen Cross, MD

It has become increasingly apparent that epilepsy is not a single con-
dition, but a symptomof a group of rare diseases. Rare epilepsiesmaybe,
therefore, defined as those with incidence b5 in 10,000 population, ei-
ther defined as an epilepsy syndrome or etiologically driven epilepsy.
Traditionally, treatments have been targeted at the seizures with little
understanding of the underlying cause; advances in structural brain im-
aging as well as molecular and metabolic diagnostics have determined
there to be an increasing number of causes resulting in the description
of in excess of 130 rare diseases. With an understanding of underlying
cause, treatments can be more targeted. The relative prevalence of
each disease means that a coordinated approach is required across key
centers of expertise, with the development of e-tools to enable complex
diagnostic and therapeutic interventions in a wider number of patients
across Europe. Only then can we increase the possibility for new treat-
ments that can be integrated into the clinical care pathway.

In 2013, E-pilepsy, one of two pilot European reference networks,
was given funding to be developed over a period of three years. The
aim of this network was to raise awareness and availability of epilepsy
surgery across Europe. This was initially a network of 13 partners and
a further 15 affiliated centers that ultimately achieved participation of
52 centers across Europe; a website was developed with information
translated into 13 languages and an eligibility tool for physicians to
guide referral in 3 languages. Monthly case discussions were
established, and development of web-based tools for postprocessing
Magnetic Resonance Scan (MRI) and neuropsychology assessment
were initiated. Systematic reviews and surveys formed the basis of
work toward guideline development and an electronic case record
form (eCRF)-documented patients moving through presurgical evalua-
tion. In 2016, DG Sante called for proposals for the development of
European Reference Networks (ERNs) for rare diseases. Twenty-four
networks were agreed by the board of member states including
EpiCARE, an ERN for rare and complex epilepsies.

The EpiCARE network (www.epi-care.eu), for the clinical care and
management of individuals across Europe with rare and complex epi-
lepsies, was developed as an extension from the pilot reference net-
work, E-pilepsy. EpiCARE is a network of 28 centers with expertise in
the rare and complex epilepsies, developed to enhance diagnosis and
ultimate management of this group of disorders, and located across 13
countries. Complex epilepsies are those requiring multidisciplinary
management through a care pathway or for comorbidity, with or with-
out known etiology, for example, the surgically treatable epilepsies re-
quiring a high level of multidisciplinary expertise and diagnostic
resource (including video-electroencephalography (EEG) analysis,
functional and/or structural neuroimaging). It is recognized that deliv-
ery of such expertise can be enhanced through the use of e-tools, mini-
mizing the need for patients to travel and ensuring the delivery of
optimal healthcare at a local level. The objective, structure, and func-
tion of EpiCARE is built on the four objectives of the third program
of the EUs action in the field of health (2014–2020), particularly
the protection of Union citizens from serious cross-border health
threats through e-health discussion and local delivery where possi-
ble; contribution to innovative, efficient, and safer health systems
and facilitation of access to better and safer healthcare for Union cit-
izens through networking of expertise, and harmonization of care as
well as education and training.

E-pilepsy continues as the surgical therapeutic arm of EpiCARE and
has continued with case discussion at the European level. However,
there are now both 5 diagnostic (laboratory diagnostics, neurophysiol-
ogy, neuroimaging, neuropsychology, and neuropathology) and a fur-
ther 3 therapeutic work packages (neonatal seizures, targeted medical
therapies, and dietary therapies), all established and working toward
harmonization and availability of diagnosis and care of the rare and
complex epilepsies. There are also cross-cutting themes including regis-
try and guideline development, education and training, research, and
clinical trials. The network has also built on the established neonatal
network for recognition and treatment of neonatal seizures and the
European Epilepsy Brain Bank. With the aim of enhancing clinical care
in the first two years of its existence, we have initiated regular review
and discussion of nonsurgical cases with a clear care pathway as well
asmaintaining the surgical discussions on amonthly basis. A knowledge
of current standards of care has been established across all areas, and
further progress has been made with regard to the development of a
registry to suit both clinical and research purposes. Patient support
groups through Patient Advisory Group (ePAG) have been present at

http://www.epi-care.eu
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all levels of discussion andwill be the key aswemove forward in further
development of the network.

The primary aim of the ERNs is to enhance clinical care of individuals
with rare disease; inevitably, however, from this will stem further re-
search. Collaboration across several platforms are likely to enhance
this. EpiCARE has been integral to the successful European Joint Pro-
gramme with participation at several levels, is partnering with the
Human Brain Project, and will likely leverage utilization of the
European Union (EU) and Innovative Medicines Initiative (INI)-funded
C4C (Connect 4 Children) aiming to facilitate clinical trials in children
across Europe. The development of a registry to determine where pa-
tients with relevant rare diseases are geographically located is a key ob-
jective and is in the early stage of development.

It is anticipated that EpiCARE will be able to contribute to the care
andmanagement of individuals with status epilepticus at several levels.
Status epilepticus requiring intensive care is one rare/complex disease
named as an entity forwhich the networkwas developedwithmonitor-
ing of the number of cases treated in each center. It is anticipated that
the care pathway will enable discussion of complex cases at a
European level both in the search for diagnosis and ongoing manage-
ment using either WebEx or the clinical patient management system
as developed by the EU; further, it would be anticipated that documen-
tation through a registrywould highlight cohorts of patients fromwhich
pilot information onmanagement could be drawn. Ultimately, we hope
to formulate a platform through which standardized protocols could be
utilized with documentation of outcomes, and work building toward
clinical trial readiness and activation.

3. Pediatric Status Epilepticus Research Group (pSERG)

Tobias Loddenkemper, MD
Many aspects of care in Status Epilepticus (SE) and pediatric SE, in

particular in refractory and super-refractory cases, are based on expert
opinion or isolated case series. Upon review of the literature, gaps con-
tinue to present in risk factors, clinical care, and treatment, as well as
short-term and long-term outcomes (1).

In order to address these gaps, multiple centers in North America
joined to prospectively collect and share information on clinical presenta-
tion, test results, care and treatment, aswell as outcomes, and also, jointly
investigate a subgroupof patients' biological specimens. Utilizing variabil-
ity in clinical presentation and care across patients and centers, this group
attempts to identify optimal management and intervention strategies
with regard to outcomes, and large patient numbers as well as prospec-
tively collected data granularity allow for confounder adjustment (1). In-
clusion criteria focus on pediatric patients (1month–21 years) presenting
with convulsive seizures at SE onset. Only patientswhose seizures failed 2
or more antiepileptic drug (AED) classes or needed continuous infusions
to terminate convulsive SE were included (2,3,4).

Among the first 81 patients enrolled, we evaluated timing to treat-
ment. First, second, and third antiseizure medication doses were given
at median times of 28, 40, and 59 min after seizure onset, respectively.
Upon review of medication classes and timing, the first and second
non-benzodiazepine antiseizure medication treatments occurred at 69
and 120 min, respectively (2), and these times were longer than more
recent treatment suggestions. In a subsequent analysis, in 219 patients
with refractory convulsive pediatric SE, intermittent convulsive SE
(as compared with continuous convulsive seizures), and out-of-
hospital SE onset proved to be risk factors for receiving later first-line
treatment (3).

In this larger patient group, we analyzed the relationship between
timing to treatment and outcome (4), selecting death during the related
hospital admission as primary outcome and the need for continuous in-
fusion as secondary outcome. The group was split into patients who
were initially treated in less than or greater than 10 min. Multivariate
analysis revealed that patients receiving first treatment later than
10 min had higher odds of death and of receiving continuous infusion.
Timing of first-line, second-line, and third-line therapy correlated with
each other. Results raise the question of whether time to treatment
and outcomes may be causally related and whether shorter times to
treatment may improve outcomes (4).

Longer treatment timeswere not only seen in this study. A review of
15 articles and 2212 patients with SE revealed 42 min as the average
treatment time. Only half of all patients received treatment by emer-
gency medical services (EMS), and 12% received treatment by care-
givers or families prior to EMS arrival (5).

Next stepsmay focus on attempts to improvemorbidity andmortal-
ity from refractory SE, and one potentially feasible consideration to ad-
just care may include sooner medication application and escalation.
Future interventions in this area may therefore build on implementa-
tion research and quality improvement techniques and may also
leverage technologies in improved seizure and refractory status epilep-
ticus (RSE) detection and evaluation (5, 6).
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Fig. 2. Chemical structures of valnoctamide (VCD) and sec-butylpropylaceamide (SPD).
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Before 1997, fenfluramine was used in combination with
phentermin as an appetite suppressor, but because of cardiac side effects
(valvular hypertrophy and pulmonary hypertension), when used in
high dosages, it was banned as a therapeutic drug in 1997 (Schoonjans
et al., 2017). Fenfluramine has a high affinity for serotonin receptors in
the brain (especially 5HT 2A and 2C), leading to a higher brain serotonin
concentration, and also, is a positive modulator of the sigma 1 receptor
(Sourbron et al., 2017). In the past, several case reports described that
fenfluramine in lowdosages could stop self-induced syncopes and inter-
mittent light-induced paroxysmal events in children with behavioral
problems. Because it could also abolish photosensitivity on the EEG in
some patients, it was hypothesized that fenfluramine should be tested
as an antiepileptic drug (Gastaut, 1984, Aicardi and Gastaut, 1985).
Boel and Casaer published in 1996 a first paper showing that low-dose
fenfluramine was highly beneficial in children with refractory epilepsy
(Boel and Casaer, 1996). In this case series, all children had intellectual
disability and early onset epilepsy with drug-resistant self-induced sei-
zures that were classified as generalized seizures. The effect of fenflur-
amine was remarkable, with a long-lasting seizure freedom in 7/11
children. A retrospective analysis on the effect of fenfluramine in chil-
dren and adolescents with Dravet syndrome (Ceulemans et al., 2012)
showed that 7/10 patients were seizure-free for at least 1 year (mean:
6 years and 7months). Now, data from 2 prospective, double-blind, pla-
cebo-controlled trials are available, and they both confirm the efficacy
and safety of low-dose fenfluramine in Dravet syndrome (Lagae et al.,
2017 and 2018, presentations at American Epilepsy Society meetings).
In a first study, children with Dravet syndrome whose seizures were re-
fractory to standard-of-care treatment, but who were not taking
stiripentol, were included. Two dosages (0,2 and 0,8 mg/kg/day) were
tested against placebo. At both fenfluramine dosages, the effect was sig-
nificantly higher than in the placebo group. The number of 50% re-
sponders in the 0,8 and 0,2 group was 70% and 41%, respectively,
whereas this was only 7,5% in the placebo group. In the 0,8-mg/kg/day
group, 25% of the childrenwere seizure-free or only had 1 seizure during
the 14-week trial. These findings were also seen in the second trial, now
also including children who were on stiripentol at the time of inclusion.
All primary and secondary end points were also met in this study, with
fenfluramine being 54% better than placebo. Here, the number of 50% re-
sponders was 53,5% in the fenfluramine arm compared with 4,5% in the
placebo arm. In another very refractory epilepsy syndrome, the Lennox–
Gastaut syndrome, similar effect sizes of add-on fenfluramine were
found (Lagae et al., 2018). In 6/13 children, a seizure frequency reduc-
tion of at least N60% was found.

Both Dravet and Lennox–Gastaut syndromes are prototypes of se-
vere epileptic encephalopathies. In both syndromes, seizures are notori-
ously difficult to treat, and the large majority of these children have
severe intellectual disability. In a recent survey, it was shown that
only 6,3% of 574 children with Dravet syndrome were seizure-free in
the last 3 months, with even lower numbers in infancy and preschool
years (Lagae et al., 2018). Especially in Dravet syndrome, long-lasting
convulsive and nonconvulsive seizures are typical (Dravet, 2011). In
particular, focal long-lasting (N10 min) febrile seizures before the age
of 1 year are the typical presenting seizure types in Dravet syndrome.
In view of the promising results of fenfluramine in all studies, an obvi-
ous question is whether fenfluramine has an effect on long-lasting sei-
zures and status epilepticus.

There are no specific data available yet that look at the effect of fen-
fluramine on long-lasting seizures types. However, looking in more de-
tail into the data of the 2012 retrospective Dravet study, we can
observe that 5/12 children had a status epilepticus episode in the year
before inclusion. Four of these 5 childrenwith Dravet syndrome became
seizure-free after the introduction of add-on fenfluramine. This is indi-
rect evidence of a preventive fenfluramine effect on long-lasting sei-
zures. A typical example is case 12 in that publication: this child was
22months at inclusion and had suffered already from15 episodes of sta-
tus epilepticus, with 2 times an intensive care hospitalization. She
became seizure-free after add-on fenfluramine, and now only rarely
has short-lasting seizures and no long-lasting convulsive seizures any-
more. Similar indirect evidence can be found in the Lennox–Gastaut
paper. Three out of thirteen children had at least one documented status
epilepticus in the 6 months preceding the start of fenfluramine. In the
core add-on trial lasting 5 months (with no changes in the concomitant
antiepileptic drug (AEDs)), 2/3 did not have a status epilepticus any-
more. At this moment, however, it is too early to consider fenfluramine
as an agent in the intensive care unit as an acute treatment option in
established refractory status epilepticus. In a case of super-refractory
status epilepticus, a 21-year-old female with Dravet syndrome was suc-
cessfully treated with fenfluramine 4 weeks after the start of the status
epilepticus. A higher dose of 0.8 mg/kg had to be administered, and
after weaning and revalidation, she remains with overall significant
less seizures (Dr David Millett, personal communication).

In conclusion, we have indirect evidence that fenfluramine is able to
prevent status epilepticus in patients with refractory epilepsy. It
remains to be studied whether fenfluramine will become a treatment
option in acute status epilepticus situations.
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Valproic acid (VPA) is a major antiepileptic drug (AED)with efficacy
in multiple types of epilepsies (seizures) as well as other nonepileptic
central nervous system (CNS) disorders. As a consequence of VPA's no-
torious teratogenicity that includes declined Intelligence quotient (IQ)
in fetuses exposed to VPA coupledwith autism spectrum (ASD) and hy-
peractivity disorders, Food and Drug Administration (FDA) [1] and
European Medicines Agency (EMA) [2] issued warning against the use
of VPA in women of childbearing age. Consequently, there is a substan-
tial need to develop second-generation CNS drugs and VPA follow-up
compounds that are better and safer than the parent compound [3–5].

Valnoctamide (VCD; Fig. 2) is a CNS-active chiral constitutional iso-
mer of valpromide (VPD; Fig. 2), the corresponding amide of VPA,
with two stereogenic centers denoted with * in Fig. 2 [3–5]. Unlike
VPD that, in human, acts as a prodrug to VPA [6], VCD acts as a drug
on its own with minimal biotransformation to its corresponding acid
valnoctic acid (VCA) [3,6–8]. Valnoctamidewas used in Europe as an an-
xiolytic (1964–2005) and, in 2013–2014, underwent a phase IIb clinical
trial in bipolar disorder [9].

sec-Butylpropylacetamide (SPD; Fig. 2) is a one-carbon chiral homo-
log of VCD, currently in preclinical stage, that has a unique activity
against status epilepticus (SE) and organophosphate neuronal damage
[9–14]. sec-Butylpropylacetamide and VCD possess a unique anticon-
vulsant activity in a wide array of animal models that is superior to
that of VPA, and their ED50 values are 3–15 times more potent than
those of VPA. sec-Butylpropylacetamide and VCD exhibit stereoselective
pharmacokinetics (PK) in humans (VCD) and rats (VCD and SPD)
[9–16]. In mice and rats, VCD's four individual stereoisomers exhibited
similar anticonvulsant activity to one another as well as to racemic-
VCD in the maximal electroconvulsive shock (MES), subcutaneous
Metrazol (scMET), and 6-Hz tests [15].

5.1. VCD and SPD unique activity in various models for status epilepticus
(SE) and organophosphate nerve damage

The activity of SPD andVCDhas been assessed in six differentmodels
of SE in which seizures were induced by pilocarpine, soman, paraoxon,
tetramethylenedisulfotetramine (TETS), sarin, and VX [9–20]. For com-
parison, VPA was also evaluated in most of these models.

In all above SEmodels, SPD, VCD, and VPAwere administered to rats
(ip or im) 20–40 min after seizure onset. Racemic-VCD administered
with the standard medical countermeasures at treatment delays of
5 min, 20 min, and 40 min after seizure onset was capable of stopping
soman-induced SE seizures with ED50 values of 26 mg/kg, 60 mg/kg,
and 62 mg/kg, respectively. sec-Butylpropylacetamide stereoisomers,
administered 30 min after seizure onset at the lithium–pilocarpine-in-
duced SE model, prevented the expression of further convulsive sei-
zures in a dose-dependent fashion with ED50 values ranging between
95 and 135 mg/kg. (2R,3R)-SPD was the least potent SPD stereoisomer
(ED50 N 130 mg/kg) [12]. sec-Butylpropylacetamide and its individual
stereoisomers when given 20 min after seizure onset were capable of
stopping soman-induced SE seizures with ED50 values ranging between
40 and 71 mg/kg.

Treatment with SPD or its individual stereoisomer, (2S,3S)-SPD,
30 min after seizure onset significantly shortened paraoxon-induced SE
and reduced the duration of recorded pathological activity after the SE
was terminated. (2S,3S)-SPDwas superior to racemic-SPD in diminishing
delayedpathological epileptiformactivitywithin thefirst 8 h after SE [17].

In the TETSmodel, SPD (54 and 100mg/kg) terminated SEwithin ~4
and ~2 min, respectively, and protected 65% and 100% of animals from
mortality for N7 days. Valnoctamide (50 and 100 mg/kg) terminated
SE within ~7 and ~2 min, respectively, and protected 62.5 and 90% of
animals frommortality. Both SPD and VCD produced sedation in treated
animals, which was especially pronounced at the dose of 100 mg/kg.
Valproic acid (100 mg/kg) terminated TETS SE transiently in 80% of
animals, and only 20% animals survived. A high VPA dose (200 mg/kg)
terminated SE within ~8.8 min and protected 80% of animals from
mortality [19]. Thus, both SPD and VCD effectively terminate TETS-
induced behavioral SE, protect animals frommortality, and aremore po-
tent and more rapidly acting than VPA [19].

Children are likely to be among the casualties in a civilian nerve
agent exposure, as recent events in Syria have demonstrated. Pediatric
population is particularly susceptible to seizures when compared with
adults [21–23]. Consequently, the efficacy of SPD and VCD, in compari-
son with phenobarbital, was studied in pediatric rats, utilizing a model
recently developed by McDonough et al., for nerve agent-induced SE
in both pediatric and adult rats [24]. Female and male postnatal days
(PNDs) 21 and 28 and PND 70 adult control rats were surgically im-
planted with stainless steel electroencephalographic (EEG) screw elec-
trodes and headpieces and were exposed to seizure-inducing doses of
the nerve agents sarin or VX. These PND ages represent 3–6-year, 8- to
10-year old, and 15- to 18-year-old human equivalent ages, accordingly
[20,25]. Fiveminutes after seizure onset, animals were treatedwith SPD,
VCD, or phenobarbital. The up–down method was used over successive
animals to determine the anticonvulsant ED50 of each drug [26].

The SPD-ED50 values in the VX model were as follows: PND 21,
53 mg/kg (male) and 48 mg/kg (female); PND 28, 108 mg/kg (male)
and 43 mg/kg (female); PND 70, 102 mg/kg (male), and 40 mg/kg (fe-
male). The SPD-ED50 values in the sarin model were as follows: PND
21, 36 mg/kg (male) and 49 mg/kg (female); PND 28, 79 mg/kg
(male) and 34 mg/kg (female); PND 70, 53 mg/kg (male) and
53 mg/kg (female). The VCD-ED50 values in the VX model were as fol-
lows: PND 21, 36 mg/kg (male) and 43 mg/kg (female); PND 28,
166 mg/kg (male) and 59 mg/kg (female); PND 70, 87 mg/kg (male)
and 91 mg/kg (female). The VCD-ED50 values in the sarin model were
as follows: PND 21, 45 mg/kg (male) and 53 mg/kg (female), PND 28,
233 mg/kg (male) and 79 mg/kg (female); PND 70, 97 mg/kg (male)
and 79 mg/kg (female). The phenobarbital-ED50 values in the VX
model were as follows: PND 21, 43 mg/kg (male) and 18 mg/kg (fe-
male); PND 28, 48 mg/kg (male) and 97 mg/kg (female). The
phenobarbital-ED50 values in the sarin model were as follows: PND
21, 32 mg/kg (male) and 32 mg/kg (female); PND 28, 58 mg/kg
(male) and 97 mg/kg (female): PND 70, 65 mg/kg (female) [20].

TheVXand sarin study shows that anticonvulsant ED50 values varied
with age and sex.

sec-Butylpropylacetamide, VCD, and phenobarbital are more effec-
tive in PND 21 rats. Phenobarbital has been effective in pediatric rats,
but its ED50 values could not be determined in adult rats because of
higher doses required that were accompanied with toxicity.

5.2. VCD activity in patients with acute mania

Womenof childbearing agewith epilepsy or bipolar disorder face a di-
lemmawhen pregnant, as VPA andmost of themood stabilizers have ter-
atogenic potential to the unborn fetus [1–5,9,27–29]. Intense research
initiatives have been aimed to design nonteratogenic CNS-active VPA de-
rivatives that possess the antiepileptic andmood stabilizing properties of
VPA [3–5]. In a head-to-head comparison between VCD and VPA, VCD, in
contrast to VPA, was found to be nonteratogenic in three species: mice,
rats, and rabbits [9,13,14]. Consequently, the efficacy and safety of VCD
was evaluated as an add-on drug to risperidone in patient with acute
mania [30]. Valnoctamide was found to be effective from week 3 to the
end of the study atweek 5 [30]. Subsequently, VCD activitywas evaluated
in a phase IIb monotherapy trial in comparison with placebo in the treat-
ment of patients in an acute manic episode. Risperidone was used as an
active control to verify the validity of the trial [9,13,14,31]. In an interim
analysis of the study, VCD showed superiority over placebo in the com-
pleter cohort but not in the intentional-to-treat (ITT) cohort. Because of
the ITT interim analysis results, the study sponsor (Stanley Medical Re-
search Institute (SMRI)) decided to stop the study [9,13,14,31].

Valnoctamide waswell tolerated at 1500mg/day but lacked efficacy
as a monotherapy in the treatment of symptoms in patients with acute
mania. This outcome is in contrast to the results of the add-on phase IIa
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study, which found that dual therapy of VCD and risperidonewas better
than risperidone monotherapy in severely ill patients [13,14,30,31].

5.3. The potential of VCD and SPD as New AEDs

As VCD (SPD's homolog) reached phase IIb, SPD has a potential as a
new antiepileptic and CNS (with potential in pain and migraine) drug
beyond its parenteral antinerve gas and anti-SE activity. The SPD-ED50

values in the rat-MES and -scMet tests are identical following ip and
oral admonitions, indicating complete oral bioavailability. The lack of
significant differences between SPD and VCD and their individual ste-
reoisomers suggest that their unique and broad anticonvulsant activity
is due tomultiplemechanisms of action in addition to their documented
GABAergic activity [32,33].

sec-Butylpropylacetamide's broad anticonvulsant spectrum of activ-
ity, better potency than VPA, and its unique activity at six different ani-
mal models for benzodiazepine-resistant SE coupled with its strong
(composition ofmatter) valid patentmakes it as an attractive candidate
for development as a new molecular entity.

The good tolerability of a high VCD dose (up to 1500 mg/day) in
patients with acute mania, coupled with the unmet need for a
nonteratogenic VPA derivative, emphasizes the potential of VCD in epi-
lepsy as a nonteratogenic CNS-active follow-up compound to VPA suit-
able for women of childbearing age as well as for therapy-resistant
patients with epilepsy.
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