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Valproic acid (VPA) is one of four first-line antiepileptic drugs (AEDs)
currently established in the long-term treatment of epilepsy. Despite VPA’s
wide spectrum of action, in some cases its use is limited due to specific phar-
macokinetics and dangerous adverse effects. These include hepatotoxicity
and teratogenecity. Such limitations account for intensive research that has
been carried out in order to develop new analogues or derivatives of VPA. In
our review, we focus on three out of a number of substances that have been
lately under investigation: NPS 1776, valrocemide and DP-VPA. These po-
tential AEDs present both good anticonvulsive and safety profiles and seem
to be more potent than the original VPA. Clinical trials, which are now ongo-
ing, will answer the question whether or not they could become second gen-
eration of VPA.
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Abbreviations: AEDs – antiepileptic drugs,
BIC – bicuculline, CNS – central nervous system,
D-RAPTM – regulated activation of prodrug,
GABA – -aminobutyric acid, GAERS – geneti-
cally absence epileptic rats of Strasbourg, MES –
maximal electroshock, PIC – picrotoxin, PLA2 –
phospholipase A��

PTZ – pentetrazole, SE – status
epilepticus, VLR – valrocemide, VPA – valproic
acid

Introduction

Epilepsy is definitely the most common neuro-
logic disorder of the human brain, affecting 0.4–1%
of world population [28]. The pathology requires
long-term pharmacological treatment, often for the
patient’s entire life.

Valproic acid (VPA) is one of the four first-line
antiepileptic drugs (AEDs) used in the treatment of
seizures. Antiepileptic properties of VPA are linked
with the inhibition of sodium channels and possibly
T-type calcium channels. VPA may also enhance
�-aminobutyric acid (GABA) transmission [10, 11].
Due to its broad spectrum of action, VPA is cur-
rently the most frequently prescribed AED in the
world. VPA is effective in tonic-clonic, myoclonic,
tonic and absence seizures and also in partial sei-
zures as a second-line drug. Moreover, it has been
approved for the treatment of bipolar disorders and
migraine [23, 26].

However, VPA is not a perfect drug from the
pharmacological point of view. It has non-linear
pharmacokinetics, relatively short half-life and it in-
hibits several microsomal enzymes, which leads to
drug interactions [27]. VPA’s metabolites (4-ene-
VPA and 2,4-diene-VPA) have been proved to cause
hepatotoxicity [1, 14, 24]. Another serious problem
connected with VPA is teratogenecity, and this is
why its usage is limited in women in childbearing
age [22].

In recent years, intensive research has been car-
ried out with a view to developing VPA’s deriva-
tives or analogues that would be both more effica-
cious and less toxic than the original substance. As
VPA is a carboxylic acid with relatively simple
chemical structure, a number of compounds have
been tested [3, 19]. Only few of them deserve the
name of second generation VPA. At present they
are being subjected to clinical trials.

NPS 1776

NPS 1776 (3-methylbutanamide, isovalera-
mide) is a branched-chain amide analogue of VPA.
It is a novel experimental AED currently under de-
velopment by NPS Pharmaceuticals [5]. Chemical
structure of NPS 1776 is illustrated in Figure 1.

Pharmacology

NPS 1776 possesses a broad spectrum of anti-
convulsant activity comparable with that of the par-
ent compound [29]. The drug turned out to be effi-
cacious in several animal models of seizures. All
available experimental data are summarized in Ta-
ble 1. The results may suggest that NPS 1776 will
be useful in the treatment of different types of sei-
zures as well as therapy-resistant epilepsy in hu-
mans. It is worth noting that no tolerance to the
therapeutic activity of the drug has been reported in
chronic experiments.

Mechanisms of action

Mechanisms of action of NPS 1776 remain un-
known. Even though several in vitro assays have
been performed, NPS 1776 was active in none of
them at concentrations up to 300 �M [5].
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Table 1. Activity profile of NPS 1776 in different types of ex-
perimental seizure models [29]

Seizure model ED�� (mg/kg)
in mice

ED�� (mg/kg)
in rats

maximal
electroshock
(MES)

913 (po) 75.6 (po)

pentetrazole (PTZ) 750 (po) 205 (po)

audiogenic seizures 186 (po) –

picrotoxin (PIC) 103 (po) –

bicuculline (BIC) partial protection
– no data on ED��

–

corneal kindling – 127 (po)

amygdala kindling – 140 (po)

CH
3
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H
3
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Fig. 1. NPS 1776



Pharmacokinetics

NPS 1776 is soluble in water and easily diffuses
through biological membranes, which results in its
complete oral absorption. There are no data indicat-
ing accumulation of the drug or binding to any pro-
teins. The clearance (Cl) and half-life (t'( ) amo-
unt to: Cl = 9 ml/min/kg, t'( = 0.9 h in rats and
Cl = 5 ml/min/kg, t'( = 1.6 h in dogs. About 50%
of the dose can be found in urine as 3- and 4-hydroxy
metabolites [5].

Toxicity

At its anticonvulsive doses NPS 1776 does not
show any significant behavioral side-effects. In
rota-rod test, spontaneous locomotor activity or Ir-
win general observation test, it was better tolerated
and presented higher therapeutic indices than VPA.
Also in reproductive toxicity studies, NPS 1776
turned out to be safer than VPA. It did not cause
mutagenic changes in either bacterial mutation test,
chromosome aberration assay or mouse micronu-
cleus assay [5].

Drug interactions

No drug interactions have been reported.

Human data

NPS 1776 has been evaluated in phase I clinical
study in healthy volunteers after single (100–1600 mg
po) and multiple dose (1200–2400 mg po for
10 days). In both models pharmacokinetics was lin-
ear with essentially the same parameters (t��) =
30–45 min, t'( = 2.5 h). There was no binding to
plasma proteins and renal excretion was only 2–4%
of the administered dose. There were no marked
differences between males and females. NPS 1776
was well tolerated. No adverse effects in neurologi-
cal state, vital signs, cognitive functions, electro-
cardiogram or laboratory tests were reported [5].

VALROCEMIDE (VLR)

A number of central nervous system (CNS) in-
hibitory neurotransmitters and amino acids, e.g.
GABA or glycine, have been conjugated to the
original particle of VPA in order to use it as a deliv-
ery system into the brain tissue [19]. Most of these
attempts failed resulting in the synthesis of inactive
compounds. The conjugation product between VPA
and glycinamide proved to be a potent AED and is
now known as valrocemide (N-valproyl glycin-

amide, TV 1901 or VGD). For chemical structure
see Figure 2.

VLR is one of the most promising derivatives
of VPA with a broad spectrum of action and is cur-
rently undergoing phase II clinical trials in patients
with drug-refractory epilepsy [4–6, 16, 25]. It should
be emphasized that VLR is not a prodrug of either
VPA or neuroinhibitory amino acids in the brain
but acts as a novel AED of its own.

Pharmacology

Animal experiments suggest VLR’s broad an-
tiepileptic potency in different seizure models
[15, 18]. Currently available data are summarized
in Table 2. Moreover, some experiments indicate
VLR’s efficacy in neuropathic pain [6].

Mechanisms of action

Mechanisms of action of VLR have not been
determined yet.
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Fig. 2. Valrocemide

Table 2. Activity profile of VLR in different types of experi-
mental seizure models [17, 18]

Seizure model ED��

(mg/kg)
in mice

ED�� (mg/kg)
in rats

maximal electroshock (MES) 151 (ip) 73 (po)

pentetrazole (PTZ) 132 (ip) –

bicuculline (BIC) 248 (ip) –

picrotoxin (PIC) 275 (ip) –

6 Hz psychomotor seizures 237 (ip) –

audiogenic seizures 52 (ip) –

corneal kindling – 161 (ip)

hippocampal kindling – no generalization
of seizure activity,
significant
reduction of
afterdischarge –
no data on ED��



Pharmacokinetics

After iv administration in rats, 13% of the drug
dose is excreted unchanged in the urine. Most of
the compound is metabolized to valproyl glycine
and only very low concentrations of VPA are de-
tected in plasma. The basic pharmacokinetic parame-
ters are as follows: Cl = 7.1 ml/min/kg, t'( = 1.1 h
and volume of distribution (Vss) = 0.78 l/kg [4–6,
7]. The oral availability of VLR has been assessed
in dogs and amounts to approximately 95% [6].
The penetration of VLR into the brain is better than
that of VPA [7].

Toxicity

Anticonvulsive doses of VLR are considerably
lower than toxic ones. The median neurotoxic dose
is 332 mg/kg (ip) in mice and above 1000 mg/kg
(po) in rats [18]. Chronic toxicity studies in dogs
and rats confirmed a good safety profile of VLR.
The drug is free of any teratogenecity or mutagenic
potential [5, 6, 17].

Drug interactions

Recent data suggest that VLR metabolism may
be enhanced by other enzyme-inducing drugs. This
indicates that precautions must be taken in case of
phenytoin or carbamazepine co-medication. VLR
itself does not influence the activity of microsomal
enzymes [6].

Human data

The pharmacology of VLR in humans has been
assessed after single and repeated dosage (up to
1000 mg daily po). The substance demonstrated
linear pharmacokinetics in both studies. After sin-
gle oral dose Cl was 5.1–6.8 l/h and t'( was
6.4–9.4 h. Approximately 40% of the drug was
found in urine as valproyl glycine. VPA was a mi-
nor metabolite of VLR (4–6%). No serious adverse
effects were reported after VLR administration.
The most frequent claims concerned CNS function
or gastrointestinal tract. There were also no marked
changes in laboratory tests. In 15 out of 22 patients
with epilepsy, VLR treatment reduced the number
of seizures [5, 6].

DP-VPA

DP-VPA (SPD 421, DP 16, TVA, RAP-
valproate) is a new compound in which VPA parti-

cle is covalently bound to lecithin. The chemical
structure of DP-VPA is depicted in Figure 3.

DP-VPA is a novel prodrug of VPA and is cur-
rently under development for the treatment of par-
tial and generalized seizures. It is also believed to
be efficacious in severe forms of epilepsy e.g.
status epilepticus (SE) or acute repetitive seizures
in children, as well as in manic depression and mi-
graine [4–6, 16, 21, 28].

Pharmacology

Animal studies showed broad antiepileptic po-
tency of DP-VPA in several experimental models
of epilepsy [5, 6]. In PTZ-induced seizure model in
mice, ip or sc drug administration turned out to pro-
tect preferentially against second seizure discharge
(ED&! = 70 mg/kg and 60 mg/kg, respectively). The
ED&! values of DP-VPA expressed as VPA equiva-
lents (8–14 mg/kg) were 50-fold lower than ED&!

of original VPA (116–125 mg/kg). At higher doses,
DP-VPA blocked all the seizures. In the phenytoin-
pentetrazole (PTZ) model of SE in rats, the sub-
stance prevented generalized seizures at the dose of
40 mg/kg sc [4]. DP-VPA was also more effica-
cious than original VPA against single audiogenic
seizures in Frings mice (ED&! = 8–22.3 mg/kg). In
the case of repetitive audiogenic stimulation, the
antiepileptic effect of the drug was even better. In
contrast, DP-VPA failed to protect from seizures in
GAERS (Genetically Absence Epileptic Rats of
Strasbourg) [5, 6].
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Mechanisms of action

The anticonvulsive activity of DP-VPA is re-
lated to its conversion to VPA. DP-VPA is based on
a new drug delivery technology known as Regu-
lated Activation of Prodrug (D-RAPTM) [12]. In
this method, inactive prodrugs of AEDs are admin-
istered systemically and activated only at the sei-
zure focus. DP-VPA penetrates to the CNS and is
cleaved by the enzyme phospholipase A (PLA2) to
release VPA. PLA2 levels are believed to be char-
acteristically elevated in brain regions involved in
seizures [2]. Such approach to AED delivery re-
sults in both enhancing anticonvulsive action of the
drug and reducing its systemic toxicity.

Pharmacokinetics

After oral administration in rats, DP-VPA is
slowly absorbed and slowly but linearly eliminated
(t��) = 8 h, t'( = 8–48 h). Oral bioavailability is
relatively low but food or bile significantly im-
prove absorption. There are no data on binding to
plasma proteins or liver metabolism of DP-VPA.
VPA is the only product of biotransformation. The
major route of elimination is urine in rodents and
feces in dogs. [5, 6].

Toxicity

Animal studies showed no major neurotoxicity
or cardiovascular toxicity after DP-VPA admini-
stration. In chronic experiments, no-effect doses
were: 250 mg/kg in rats and above 200 mg/kg in
dogs. No genotoxicity has been detected. Carcino-
genecity and reproductive toxicity data have not
been published yet [6].

Drug interactions

No interactions with any AEDs or other drugs
have been discovered so far.

Human data

Phase I clinical trials with DP-VPA have al-
ready been completed and the compound has en-
tered phase II trials, which are now under way. Af-
ter a single oral dose of 1200 mg of DP-VPA t��)

was 8–10 h and c��) was 2.12 �g/ml. Dosing after
food increased systemic exposure to DP-VPA. Sin-
gle as well as repeated doses of DP-VPA were well
tolerated; no drop-outs were reported. The most
frequent side effects were: headache, dizziness,

nausea, abdominal pain, loose stools, sore throat
and dyspepsia [5, 6].

FINAL CONCLUSIONS

Despite the development of pharmacotherapy
and the introduction of several new AEDs, epilepsy
remains a considerable neurological problem. The
reason for this is not only the high percentage of
therapy-resistant seizures but also severe side-
effects connected with chronic epilepsy medica-
tion. That is why there is still a strong need for new
AEDs, which would be both more potent and safer
than those currently used.

Among dozens of VPA derivatives only three
substances: NPS 1776, VLR and DP-VPA seem to
hold promise. So far, experimental data have re-
vealed their good anticonvulsive and safety pro-
files. However, only clinical trials in patients with
refractory epilepsy, which are now in progress,
could provide a definite rationale for their usage.
Hopefully, NPS 1776, VLR and DP-VPA will soon
become valuable AEDs with an established posi-
tion in epileptology.

There are two additional aspects concerning the
protective activity of AEDs. The first one is associ-
ated with an undesired effect of methylxanthine de-
rivatives (theophylline or caffeine) upon the anti-
convulsant activity of these drugs. Specifically,
methylxanthines have been documented to sharply
reduce the protective potential of AEDs in experi-
mental models of epilepsy, both after acute and
chronic administration. Interestingly, chronic caf-
feine was even more potent in this respect [8, 13, 30].
A very recent report by Kaufman and Sachdeo [20]
has confirmed clinically the experimental data,
showing that drinking caffeine-rich tea by an epi-
leptic patient has considerably reduced the thera-
peutic efficacy of anticonvulsant therapy. This indi-
cates that there is a strong need for identifying an
AED resistant to these untoward actions of meth-
ylxanthines and possibly, one of the novel AEDs,
derived from VPA, will fulfill this condition. Also
nicotine has been proved to reduce the protection
offered by a number of AEDs against maximal
electroshock-induced convulsions in mice [9]. It is
thus very likely that cigarette smoking may impair
the therapeutic potential of AEDs in epileptic pa-
tients and AEDs resistant to nicotine would be
much more effective in smoking patients.
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