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A series of glycinamide conjugates and N-methoxy amide derivatives of valproic acid (VPA) analogs and con-
stitutional isomers were synthesized and evaluated for anticonvulsant activity. Of all compounds synthesized
and tested, only N-methoxy-valnoctamide (N-methoxy-VCD) possessed better activity than VPA in the fol-
lowing anticonvulsant tests: maximal electroshock, subcutaneous metrazol, and 6-Hz (32-mA) seizure
tests. In mice, the ED50 values of N-methoxy-VCD were 142 mg/kg (maximal electroshock test), 70 mg/kg
(subcutaneous metrazol test), and 35 mg/kg (6-Hz test), and its neurotoxicity TD50 was 118 mg/kg. In rats,
the ED50 of N-methoxy-VCD in the subcutaneous metrazol test was 36 mg/kg and its protective index
(PI=TD50/ED50) was N5.5. In the rat pilocarpine-induced status epilepticus model, N-methoxy-VCD demon-
strated full protection at 200 mg/kg, without any neurotoxicity. N-Methoxy-VCD was tested for its ability to
induce teratogenicity in a mouse strain susceptible to VPA-induced teratogenicity and was found to be non-
teratogenic, although it caused some resorptions. Nevertheless, a safety margin was still maintained be-
tween the ED50 values of N-methoxy-VCD in the mouse subcutaneous metrazol test and the doses that
caused the resorptions. On the basis of these results, N-methoxy-VCD is a good candidate for further eval-
uation as a new anticonvulsant and central nervous system drug.
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1. Introduction

Valproic acid (VPA) (1, Fig. 1), a major antiepileptic drug (AED), is
used for the treatment of various types of epileptic seizures [1–3]. Yet
VPA is the least potent AED as reflected by its higher ED50 and higher
doses compared with other AEDs [4]. In addition, its clinical use is
limited because of two severe side effects: teratogenicity and hepato-
toxicity [5, 6]. Consequently, there is a substantial need for the devel-
opment of new second-generation drugs to VPA that preserve its
broad-spectrum efficacy at lower doses and lack hepatotoxicity and
teratogenicity [5–12]. Both teratogenicity and hepatotoxicity are
related to structure, although, unlike teratogenicity, hepatotoxicity
results from a minor metabolite(s) of VPA with a terminal double
bond (e.g., 4-ene-VPA) [13]. Following extensive structure–activity
relationship (SAR) studies in mouse strains prone to VPA-associated
teratogenicity, it has been found that an analog of VPA is likely to be
teratogenic if it contains tertiary carbon bound to a carboxylic group,
a hydrogen atom, and two alky chains [8, 14, 15]. Forming a VPA CoA
ester is the first step in the formation of a VPA hepatotoxic metabo-
lite(s). Therefore, a free carboxylic group is mandatory for VPA hepa-
totoxicity [16].

Valpromide (VPD) (2, Fig. 1), the corresponding amide of VPA, is
4–10 times more potent than VPA in anticonvulsant animal (rodent)
models and is nonteratogenic (mouse). VPD has been clinically used
in Europe since the 1970s as an antiepileptic and antipsychotic
agent [17]. Nevertheless, VPD's lack of teratogenicity and its better
potency (compared with VPA) in animal models has no clinical impli-
cations, because in humans, VPD is rapidly and presystemically
metabolized to VPA and thus acts as a VPA prodrug [17].

Various amide derivatives of VPA, other than VPD, have been syn-
thesized and evaluated in our laboratory and found to possess potent
anticonvulsant activity in animal models with minimal metabolism to
their corresponding acids [18–20].

Glycine is a neuroinhibitory amino acid and, when co-administered
with other AEDs, demonstrated improved anticonvulsant potency
in rats as a result of the synergism between the AED and glycine [21–
23]. Therefore, it was hypothesized that conjugation of VPA to inhibi-
tory neurotransmitters such as glycine, taurine, and GABA would pro-
duce potent anticonvulsants. Instead, it resulted in nonactive
compounds [20]. However, conjugation of VPA to the corresponding
amides of glycine and taurine led to valproylglycinamide (VGD) (3,
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Fig. 1. Chemical structures of VPA (1), VPD (2), VGD (3), VCD (4), DID (5), and PID (6) and their corresponding acids VCA (7), DIA (8), and PIA (9).
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Fig. 1) and valproyltaurinamide, respectively, which possessed po-
tent anticonvulsant activity [24]. In mice, VGD was slightly more po-
tent than VPA and had better protective index (PI) values in the
maximal electroshock (MES) and subcutaneous metrazol (scMet)
seizure tests [25]. In the rat, VGD was 14 times more potent
than VPA in the MES test, but was inactive in the scMet test [18].
VGD was also more potent than VPA in the bicuculline, picrotoxin,
and 6-Hz psychomotor seizure tests and in audiogenic seizure-
susceptible mice [24]. VGD is currently in phase IIa clinical trials
[26, 27]. Three constitutional isomers of VPD—valnoctamide (VCD)
(4, Fig. 1), diisopropylacetamide (DID) (5, Fig. 1), and propylisopro-
pylacetamide (PID) (6, Fig. 1)—have been synthesized and found to
possess potent activity in various anticonvulsant animal models
[12, 28]. VCD has been used in Europe as an anxiolytic drug. Unlike
VPD, VCD underwent minimal biotransformation to its correspond-
ing acid valnoctic acid (VCA) [29, 30]. Recently, VCD completed
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Fig. 2. Chemical structures of VGD's constitutional isomers VCGD (10), DIGD (11), (R,S)-PIG
(17).
successful phase IIa clinical trials as an add-on therapy for risperi-
done in the treatment of patients with bipolar disorder [31]. VCD,
DID, and PID are not teratogenic (mice) and do not metabolize in
dogs and rats to their respective corresponding acids: valnoctic
acid (VCA, 7), diisopropyl acetic acid (DIA, 8), and propylisopropyla-
cetic acid (PIA, 9) (Fig. 1) [20, 32–35].

Conjugates of VCA andDIAwith glycinamidewere synthesized and
evaluated for their anticonvulsant activity in mice [25]. On a molar
basis, valnoctylglycinamide (VCGD) (10, Fig. 2) was slightly more po-
tent than VPA (1 mmol/kg vs 1.4 mmol/kg, respectively) in the MES
test and had a PI similar to that of VPA. In the scMet test, VCGD was
more potent than VPA (0.54 mmol/kg vs 1 mmol/kg) and had a better
PI. Diisopropylglycinamide (DIGD) (11, Fig. 2) was less potent than
VCGD in the MES test, but still slightly more potent than VPA
(1.15 mmol/kg vs 1.4 mmol/kg). Like VCGD, DIGD was more potent
and had a better PI in the scMet test (ED50=0.46 mmol/kg, PI=3.6)
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[25]. VCGD and DIGD were tested only in the mouse MES and scMet
models.

Conjugation of VPA to hydroxamic acid and its N-methoxylamine
derivative to yield N-methoxy-VPD (12, Fig. 3) led to two new com-
pounds that possess better anticonvulsant activity than VPA in the
MES test in mice. Valproyl hydroxamic acid was metabolically
stable and was not hydrolyzed to VPA in dogs [19]. The N-methoxy
amide derivative of 2,2,3,3-tetramethylcyclopropanecarboxylic acid
(TMCA), N-methoxy-TMCD, was found to be highly potent in several
animal models of epilepsy [36–38].

In a study conducted previously in our laboratory, urea derivatives
of VPA analogs with short alkyl chain moieties were synthesized and
tested as anticonvulsants [39]. The urea derivatives of pivalic acid
(2,2-dimethylpropionic acid, PVU) and 3,3-dimethylbutyric acid
(DBU) were found to possess anticonvulsant activity in mice [39].

In this study we synthesized VCGD and DIGD to evaluate their an-
ticonvulsant activity in the rat following oral dosing, the likelymode of
administration of new AEDs. Furthermore, as a continuation of our
previous studies on developing new central nervous system-active
VPA derivatives, we aimed to explore a series of glycinamides and N-
methoxy amide derivatives of VPA constitutional isomers (including
PIA) and short-chain analogs. PIA is a chiral constitutional isomer of
VPA with one asymmetric carbon in its structure; it is thus composed
of two enantiomers: (R)-PIA and (S)-PIA. In this study we synthesized
racemic PIA-glycinamide ((R,S)-PIGD, 13), and its two individual
enantiomers (R)-PIGD (14) and (S)-PIGD (15) (Fig. 2). In addition,
we also synthesized and evaluated pivaloylglycinamide (PVGD, 16)
and 3,3-dimethylbutyrylglycinamide (DBUGD, 17), two glycinamide
conjugates of VPA analogs with short side chains and the N-methoxy
derivatives of PID (18), DID (19), VCD (20), PVD (21), and DBD (22).

2. Materials and Methods

2.1. Chemicals

Chemicals were purchased from Sigma–Aldrich. The pure enantio-
mers of propylisopropylacetic acid ((R)-PIA and (S)-PIA)were purchased
from Zyfine-Cadilla Healthcare (Ahmedaba, India). Tetrahydrofuran
(THF), acetonitrile (ACN), dichloromethane (DCM), petroleum ether,
N-methoxy
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Fig. 3. Chemical structures of theN-methoxy derivatives of VPA's constitutional isomers and an
(20), N-methoxy-PVD (21), and N-methoxy-DBUD (22).
ammonium hydroxide, 25% NH3 in water, and ethyl acetate were pur-
chased fromFrutarom Israel. Dry dichloromethane, tetrahydrofuran, ace-
tonitrile, and DMPU were obtained by reflux over CaH2 for 2 hours and
fresh distillation prior to use. DMPU was refluxed over CaH2 for 2
hours, distilled under reduced pressure, and stored over 4-Å molecular
sieves (8–12 mesh) under a nitrogen atmosphere.

2.2. Animals

Adult male CF No.1 albinomice (18–25 g) and adult male Sprague–
Dawley albino rats (100–150 g) were used for evaluation of anticon-
vulsant activity and neurotoxicity. Animals were maintained in the
animal facilities of the University of Utah. Animals were allowed to ac-
climate for 24 to 48 hours before testing. A 12-hour light, 12-hour dark
cycle was maintained, and the animals were allowed free access to
food and water, with the exception of the testing times. The animals
were maintained and handled according to the recommendations of
the U.S. Department of Health, Education and Welfare publication
(NIH) No. 8623, Guide for the Care and Use of Laboratory Animals. All
animal experiments were approved by the Institutional Animal Care
and Use Committee of the University of Utah.

Virgin SWV/Fnn female mice (2–3 months of age, 20–25 g) and
SWV/Fnnmalemice (3–4 months of age, 25–35 g) raised from a breed-
ing colony at the Institute of Biosciences and Technology, Houston, TX,
USA, were used in the teratogenicity studies. The mice were housed in
clear polycarbonate cages, and were allowed free access to food and
water (Harlan Tekad, Madison, WI, USA; Rodent Diet 8604), and main-
tained on a 12-hour light, 12-hour dark cycle in the vivarium at the In-
stitute of Biosciences and Technology, Houston. The teratogenicity
studies were approved by the Institutional Animal Care and Use Com-
mittee of Texas A&M University.

2.3. Anticonvulsant activity

The protocols used by the NIH Anticonvulsant Drug Development
Program were followed [40]. Anticonvulsant activity was identified
first in mice (intraperitoneally) using the MES and scMet seizure
tests and, in some cases, also the 6-Hz psychomotor seizure test.
The active compounds were subsequently evaluated in rats (orally).
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Table 1
Anticonvulsant activity and toxicity of compounds 13–22 after intraperitoneal administration in mice.

Compound Structure Dose
(mg/kg)

MES test scMet test Neurotoxicity

0.5 h 4h 0.5 h 4h 0.5 h 4h

(R,S)-PIGD (13) O

NHCH2CONH2

30 0/1 0/1 0/1 0/1 0/4 0/2
100 1/3 0/3 0/1 0/1 0/8 0/4
300 1/1 0/1 0/1 0/1 0/4 0/2

(R)-PIGD (14) O

NHCH2CONH2

30 0/1 0/1 0/1 0/1 0/4 0/2
100 0/3 0/3 0/1 0/1 0/8 0/4
300 1/1 0/1 0/1 0/1 0/4 0/2

(S)-PIGD (15) O

NHCH2CONH2

30 0/1 0/1 0/1 0/1 0/4 0/2
100 0/3 0/3 0/1 0/1 0/8 0/4
300 1/1 0/1 0/1 0/1 1/4 0/2

PVGD (16) O

NHCH2CONH2

30 0/1 0/1 0/1 0/1 0/4 0/2
100 0/3 0/3 0/1 0/1 0/8 0/4
300 0/1 0/1 0/1 0/1 0/4 0/2

TBUGD (17)

NHCH2CONH2

O 30 0/1 0/1 0/1 0/1 0/4 0/2
100 0/3 0/3 0/1 0/1 0/8 0/4
300 0/1 0/1 0/1 0/1 0/4 0/2

N-Methoxy-PID (18) O

NHOCH3

30 0/1 0/1 0/1 0/1 0/4 0/2
100 1/3 1/3 1/5 0/1 2/8 0/4
300 1/1 1/1 1/1 0/1 3/4 0/2

N-Methoxy-DID (19) O

NHOCH3

30 0/1 0/1 0/1 0/1 0/4 0/2
100 3/3 0/3 0/1 0/1 1/8 0/4
300 1/1 0/1 1/1 0/1 4/4 0/2

N-Methoxy-VCD (20) O

NHOCH3

30 0/1 0/1 0/1 0/1 0/4 0/2
100 3/3 0/3 0/1 0/1 0/8 0/4
300 1/1 1/1 1/1 0/1 4/4 0/2

N-Methoxy-PVD (21) O

NHOCH3

30 0/1 0/1 0/1 0/1 0/4 0/2
100 0/3 0/3 0/1 0/1 0/8 0/4
300 0/1 0/1 0/1 0/1 0/4 0/2
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Table 1 (continued)

Compound Structure Dose
(mg/kg)

MES test scMet test Neurotoxicity

0.5 h 4h 0.5 h 4h 0.5 h 4h

N-Methoxy-DBUD (22)

NHOCH3

O 30 0/1 0/1 0/1 0/1 0/4 0/2
100 0/3 0/3 0/1 0/1 0/8 0/4
300 0/1 0/1 5/5 1/1 0/4 0/2
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Neurotoxicity was assessed in mice with the rotorod ataxia test, and
in rats, with positional sense, gait, and stance tests. After the initial
qualitative analysis, the ED50 and 95% confidence interval (95% CI)
of the active compounds were determined using probit analysis [40].

2.3.1. Maximal electroshock seizure test
In this test an alternating current of 50 mA for adult male CF No. 1

albino mice and 150 mA for adult male Sprague–Dawley albino rats is
delivered for a period of 0.2 second through a corneal electrode: A
drop of 0.5% tetracaine solution in saline is applied to the subject ani-
mal's eyes immediately after the test substance is administered. Sa-
line is placed in each eye and immediately the corneal electrodes
are placed. After stimulation, the animals are released and observed
throughout the seizure. The endpoint of the MES test is the abolition
of the hindlimb tonic extensor component. When the hindlimbs are
not fully extended at 180° with the body plane, tonic extension is
considered abolished. If such extension does not occur, then the test-
ed substance is able to prevent the spread of seizure discharge
through neural tissues.

2.3.2. Subcutaneous metrazol seizure threshold test
In this test a convulsive dose of metrazol is injected subcutaneously

into CF No. 1 albino mice (85 mg/kg) and adult male Sprague–Dawley
albino rats (56.4 mg/kg). The animals are isolated and observed for
Table 2
Comparative ED50 values of VPA (1), N-methoxy-VPD (12), and N-methoxy-VCD determine

Compound MES test scM

ED50 PI ED

O

OH

VPA (1)

263 1.5 22

O

NHOCH3

N-methoxy-VPD (12) 

80 2 18

O

NHOCH3

N-Methoxy-VCD (20)

143 0.8 70
the presence or absence of clonic spasms that persist at least 5 seconds.
When clonic seizures are not observed, the test compound is considered
effective in raising the seizure threshold.

2.3.3. 6-Hz psychomotor seizure test
This test is performed in CF No. 1 albino mice only. The mice are

first injected intraperitoneally with the test substance. Then, at vary-
ing times (0.25, 0.5, 1, 2, and 4 hours), a sufficient current of 32 mA is
delivered at 6 Hz for 3 seconds through corneal electrodes to induce a
psychomotor seizure, characterized by a minimal clonic phase fol-
lowed by stereotyped, automatistic behavior. The test compound is
considered effective when the tested animals do not display such
behavior.

2.3.4. Pilocarpine-induced status epilepticus test
To determine if N-methoxy-VCD can prevent acute pilocarpine-

induced status, a challenge dose of pilocarpine was administered to
male albino Sprague–Dawley rats (150–180 g), and N-methoxy–VCD
was administered immediately after the first stage 3 convulsive seizure
was observed. Seizure severitywas determined by using the established
Racine scale [41]. Rats were considered protected if no additional stage
3 (or greater) seizures were observed over the remaining observation
period. N-Methoxy-VCD was tested only at doses of 200 mg/kg at sei-
zure onset and 400 mg/kg 30 minutes after seizure onset.
d after intraperitoneal administration in mice.

ET test 6-Hz test Neurotoxicity

50 PI ED50 PI

0 1.8 126 3.2 398

0 0.87 NT — 157

1.7 35 3.4 118



Table 3
Anticonvulsant activity and neurotoxicity of compounds 10, 11, 13, 20, and 22 administered orally to rats.

Compound Test Dose (mg/kg) 0.25 h 0.5 h 1.0 h 2.0 h 4.0 h

VCGD (10) MES test 50 0/4 0/4 0/4 1/4 0/4
scMet test 50 — 0/3 0/4 0/4 —

Neurotoxicity 50 0/4 0/4 0/4 0/4 0/4
DIGD (11) MES test 50 0/4 2/4 0/4 0/4 0/4

scMet test 50 0/4 0/4 0/4 — —

Neurotoxicity 50 0/4 0/4 0/4 0/4 0/4
PIGD (13) MES 50 1/4 1/4 0/4 0/4 1/4

scMet 100 1/4 2/4 1/4 0/4 0/4
Neurotoxicity 100 0/4 0/4 0/4 0/4 0/4

N-Methoxy-VCD (20) scMet test 75 2/4 4/4 3/4 — —

scMet test 100 3/4 2/4 3/4 0/4 0/4
N-Methoxy-DBUD (22) scMet test 50 0/4 1/4 0/4 1/4 1/4

Neurotoxicity 50 0/4 0/4 0/4 0/4 0/4
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2.4. Teratogenicity analysis: Induction of neural tube defect

For this study, the highly inbred SWV/Fnn mouse strain with a
known susceptibility to AED-induced neural tube defects (NTDs)
[42] was used, according to the previously published procedure [43].
Dams were allowed to mate overnight with male mice and were ex-
amined the following morning for the presence of vaginal plugs. The
onset of gestationwas set at 10 PMof the previous night. On gestation-
al day 8.5, pregnant females received a single intraperitoneal injection
(10 μL/g body wt) of sodium valproate 3.6, 2.7, or 1.8 mmol/kg or
N-methoxy-VCD 1.8 or 1.1 mmol/kg. Dams injected intraperitoneally
with 25% Cremophor EL water solution constituted the control
group. On gestation day 8.5, dams were sacrificed by CO2 asphyxia-
tion, the abdomens opened, and the gravid uteri removed. Locations
of all viable, dead, and resorbed fetuses were recorded, and the fetuses
were grossly examined for the presence of exencephaly.

3. Results

3.1. Anticonvulsant activity

Comparison in mice of the qualitative anticonvulsant activity of
PIGD (racemate or individual enantiomer) with that of its constitu-
tional isomers VCGD and DIGD is outlined in Table 1, along with the
results for compounds 13–22. Despite the activity of VCGD (10) and
DIGD (11) in the mouse MES and scMet tests, PIGD (racemate and in-
dividual enantiomers) showed minimal anticonvulsant activity at
doses up to 300 mg/kg.

N-Methoxy-PVD (21) and N-methoxy-DBUD (22) were inactive
in the MES and scMet tests and exhibited no neurotoxicity in mice.
N-Methoxy-VCD was active at 100 and at 300 mg/kg and its mouse
ED50 values (Table 2) were (MES test) 142 mg/kg (95% CI=116–
175 mg/kg), (scMet test) 70 mg/kg (95% CI=61–95 mg/kg), and (6-
Hz test) 35 mg/kg (95% CI=22–50 mg/kg). Its neurotoxicity TD50

was 118 mg/kg (95% CI=94–136 mg/kg). Consequently, its PI values
were 0.8 (MES), 1.7 (scMet), and 3.4 (6 Hz). In the MES test no
Table 4
Teratogenic effect of N-methoxy-VCD (20) compared with VPA (1) in the SWV mouse mod

Compound Dose mg/kg
(mmol/kg)

Number
of litters

Number of
implants

Control 0 11 128
VPA (1) 600 (3.6) 13 131
VPA (1) 452 (2.7) 13 160
VPA (1) 301 (1.8) 12 154
N-Methoxy-VCD (20) 312 (1.8) 10 145
N-Methoxy-VCD (20) 189 (1.1) 11 141

a Neural tube defect.
separation was observed between activity and neurotoxicity. N-
Methoxy-VCD was more potent than VPA in the scMet and 6-Hz tests
and had PI values similar to those of VPA. In contrast to its constitution-
al isomer, N-methoxy-VPD, which was relatively potent in the MES test
(80 mg/kg), N-methoxy-VCD was more potent in the scMet test and
had a better PI (Table 2).

PIGD (racemate, 13), N-methoxy-VCD (20), and N-methoxy-DBUD
(22)were tested in rats, and their anticonvulsant activity in comparison
to that of VCGD (10) and DIGD (11) is summarized in Table 3. Despite
relatively potent activity (compared with VPA) in mice, the constitu-
tional isomers of VGD exhibited minimal anticonvulsant activity in the
rat MES and scMet tests. VCGD and DIGD were inactive in both tests
at 50 mg/kg with the exception of one or two of four rats in the MES
test. In contrast to its two isomers, PIGD exhibited partial anticonvul-
sant activity in both the MES (50 mg/kg) and scMet (100 mg/kg)
tests. All three constitutional isomers did not demonstrate any neuro-
toxicity at the tested doses, but the ED50 value was N200 mg/kg.

In contrast to the glycinamide derivatives of VPA constitutional
isomers, N-methoxy-VCD was active in the rat scMet test and, at a
dose of 75 mg/kg, afforded full protection 30 minutes after oral dos-
ing in rats. Consequently, its ED50 was assessed at 30 minutes, and
the ratios of protected to treated rats were 1/8 (12.5 mg/kg), 2/8
(25 mg/kg), 6/8 (50 mg/kg), and 7/8 (100 mg/kg). The slope of the
dose–response curve was 2.8, and the ED50 of N-methoxy-VCD was
36 mg/kg (95% CI=21–59 mg/kg). N-Methoxy-VCD exhibited no
neurotoxicity in the rat at doses N200 mg/kg; therefore, its scMet PI
is at least 5.5. The ability of N-methoxy-VCD to protect rats against
chemically induced status epilepticus was evaluated in the pilocarpine-
induced status model. N-Methoxy-VCD (200 mg/kg) prevented status
epilepticus in all eight rats tested at the indicating ED50 values
b100mg/kg, with only one rat observed to be sedated.

The teratogenic potential of N-methoxy-VCD was tested in a
mouse model highly susceptible to VPA-induced NTDs. The results
of the teratogenicity analysis compared with VPA are summarized
in Table 4. At doses of 312 and 189 mg/kg, N-methoxy-VCD did not
cause NTDs, but did result in 7–9% resorption.
el.

Number of
resorptions (%)

Number of live
fetuses (%)

Number of fetuses
with NTDa (%)

0 128 0
10 (7.6) 107 (81.7) 57 (53.3)
18 (11.3) 141 (88.1) 41 (29.1)
17 (11.0) 133 (86.4) 2 (1.5)
13 (9.0) 132 (91) 1 (0.8)
10 (7.1) 131 (92.9) 0
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4. Discussion

The aim of this study was to find potent anticonvulsants that
might be follow-up compounds to VPA.

Responses to VCGD and DIGD, previously synthesized and tested
in mice, were evaluated in rats following oral administration. Testing
in rat models of epilepsy following oral administration is important as
it may better predict potential antiepileptic activity in humans. A bet-
ter correlation was demonstrated between rat MES ED50 values (com-
pared with those of mice) and AED therapeutic plasma levels in
patients [4]. Despite their activity in the mouse MES and scMet
models and in contrast to the better activity in rats demonstrated
by other VPA amide derivatives [28], VCGD and DIGD exhibited no
consistent anticonvulsant activity when tested in the rat. Similarly
PIGD, the constitutional isomer of VCGD and DIGD, also exhibited
minor activity in the rat MES and scMet models. The reason could
be the relatively low solubility of the compounds or erratic absorption
of the compounds following oral dosing in rats.

Despite the high potency of the urea derivatives of PVA and
dimethylbutyrylacetic acid [39], the glycinamide conjugates and N-
methoxy derivatives PVGD (16), DBUGD (17), N-methoxy-PVD (21),
and N-methoxy-DBUGD (22) were inactive in both MES and scMet
tests. It is impossible to predict the anticonvulsant potential of a
new compound even when its structure is based on well-established
pharmacophores, namely, glycinamide and N-methoxy moieties
linked to an aliphatic side chain or an "alkyl carrier" as in the case
of PVA and DBUA. What is important is the combination of the alkyl
moiety along with the different amide moiety to create a new chem-
ical entity with optimal pharmacological qualities. Therefore, screen-
ing in animal models is inevitable and essential in the search for new
anticonvulsants, particularly if these anticonvulsants have multiple
mechanisms of action [12, 44]. Of all the compounds tested, only
N-methoxy-VCD demonstrated quantitative anticonvulsant activity
in both mice and rats, and was found to be more potent than VPA
(Table 2). N-Methoxy-VCD was 4 times more potent than VPA in the
mouse scMet and 6-Hz models and 20 times more potent in the rat
scMet test.

Status epilepticus is one of the most severe pathological condi-
tions. It is usually defined as continuous seizure activity lasting at
least 30 minutes or intermittent seizure activity lasting 30 minutes
or longer during which consciousness is not regained. Overall mortal-
ity from status epilepticus in adults is about 25% [45] and it is very im-
portant to find new compounds that prevent its occurrence or stop it
if already started. N-Methoxy-VCD (200 mg/kg) prevented status epi-
lepticus in all eight rats tested at 200 mg/kg, and thus, its ED50 is
b200 mg/kg. In a subsequent study, N-methoxy-VCD (400 mg/kg) ad-
ministered 30 minutes after seizure onset was tested in the pilocar-
pine SE model. Unfortunately, no protection was observed and all
eight animals died during testing.

The major AEDs—VPA, carbamazepine, phenytoin, phenobarbital,
and lamotrigine—are associated with teratogenicity [11, 46]. It is es-
sential to develop new AEDs that are not teratogenic. Despite the
fact that the degree of teratogenicity in humans cannot be precisely
predicted from animal models, it is very probable that drugs that
cause malformations in animals will also be harmful in humans.

N-Methoxy-VCD was found to be nonteratogenic in a mouse
model highly susceptible to VPA-induced teratogenicity (Table 4).
Despite the 7–9% rate of resorptions, the lower dose tested for terato-
genicity (189 mg/kg) is 2.7–5.4 times higher than the ED50 of N-
methoxy-VCD in the mouse scMet and 6-Hz tests.

5. Conclusions

The main pathway in the discovery of new chemical entities for
treatment of epilepsy is the use of structure–activity relationship
studies and comparative analysis in different anticonvulsant animal
models [12, 44, 47]. The aim of this study was to design and synthe-
size new nonteratogenic derivatives of the constitutional isomers
and analogs of VPA that possess better anticonvulsant activity and
safety margins (PI value) than VPA. On the basis of previous structure–
activity relationship studies we synthesized and evaluated glycinamides
and N-methoxy amides of the constitutional isomers and analogs of
VPA. Themost active compound that emerged from these groups of com-
pounds was N-methoxy-VCD, which was not teratogenic in a mouse
model. These results, along with the ability of N-methoxy-VCD to
block the emergence of status epilepticus in the pilocarpine model
in the rat, make this compound a good candidate for further investiga-
tion as a new anticonvulsant and a central nervous system-active
compound.
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