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Ab stract. Kaurenic acid [(-)-kaur-16-en-19-oic acid] is a diterpene iso -
lated from the ae rial parts of Espeletia semiglobulata, one of 85 spe cies of
Espeletiinae found in Ven e zuela. Its anticonvulsive ac tiv ity was stud ied us ing
two dif fer ent mod els of ex per i men tal sei zures: spi nal sei zures in duced by sud -
den cool ing (SSSC) in am phib i ans and sei zures in duced by pentylenetetrazol
(PTZ) in mice. In SSSC, kaurenic acid (KA) in hib ited the tonic hind-limb ex -
ten sion with an ED50 of 2.5 mg/kg. It was 4-fold more po tent than known
anticonvulsant drugs such as carbamazepine and phenytoin and 100-fold more 
po tent than valproic acid. How ever, KA as well as valproic acid were in ef fec tive 
against the clonic phase of SSSC. In the PTZ-in duced sei zures, KA at doses of
0.625 and 1.25 mg/kg in creased the la tency of sei zure on set and pro tected
against gen er al ized clonic-tonic sei zures by 45% and 65%, re spec tively. The
sed a tive ef fects of KA had an ED50 of 8.5 mg/kg in mice and 75 mg/kg in am -
phib i ans. This work pro vides ex per i men tal ev i dence sup port ing the po ten tial
value of kaurenic acid as an anticonvulsive drug.
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Sobre la actividad anticonvulsiva del ácido kaurénico.
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Re su men. El áci do kau ré ni co [(-)-kaur-16-en-19-oic acid] es un di ter pe -
no ais la do de las par tes aé reas de la plan ta Espe le tia se mi glo bu la ta, una de la
85 es pe cies de Espe le tii nae en con tra das en Ve ne zue la. El efec to an ti con vul si -
vo del áci do kau ré ni co fue es tu dia do em plean do dos mo de los di fe ren tes de
con vul sio nes ex pe ri men ta les: con vul sio nes es pi na les in du ci das por en fria -
mien to brus co (SSSC) en an fi bios y con vul sio nes in du ci das por pen ti le no te -
tra zol (PTZ) en ra to nes. En SSSC, el áci do kau ré ni co (KA) in hi bió la fase tó ni -
ca con una ED50 de 2,5 mg/kg. KA fue cua tro ve ces más po ten te que an ti con -
vul si vos co no ci dos ta les como car ba ma ze pi na y fe ni toí na y 100 ve ces más po -
ten te que el áci do val proi co. Sin em bar go, el KA al igual que el áci do val proi -
co, fue ron ine fec ti vos con tra la fase cló ni ca de las SSSC. En con vul sio nes in -
du ci das por PTZ en ra to nes, el KA au men tó la la ten cia y dis mi nu yó la in ci den -
cia de la fase cló ni ca-tó ni ca ge ne ra li za da de las con vul sio nes in du ci das por
PTZ en 45% y 65%, a do sis de 0,62 y 1,25 mg/kg, res pec ti va men te. KA pro du -
jo se da ción a una do sis efec ti va (ED50) de 8,5 mg/kg en los ra to nes y de
75 mg/kg en an fi bios. Este tra ba jo apor ta evi den cia ex pe ri men tal que so por ta 
el va lor po ten cial del KA como una dro ga anticonvulsiva.

Re ceived: 17-05-2006. Ac cepted: 30-11-2006.

INTRO DUC TION

An in tense search for new antiepileptic 
agents has been the fo cus of many in ves ti -
ga tors in the last three de cades, aim ing to
treat some types of gen er al ized clonic-tonic 
sei zures that are re sis tant to drug ther apy.
In this con cern, some at ten tion has been
gained by diterpenes, a group of nat u ral
prod ucts of the terpene class con tain ing 20 
car bon at oms and 4 branched methyl
groups. This oc curred spe cially af ter the re -
port that forskolin pre vents pentylene -
tetrazol (PTZ)-in duced sei zures (1). This
work was pub lished af ter the dis cov ery that
forskolin, iso lated from the root of Co leus
forskohlii, is a po tent diterpene ac ti va tor of
adenylate cyclase. Forskolin in creases the
intracellular level of cAMP and pro duces

sub se quent ac ti va tion of cAMP-de pend ent
pro tein kin ases in volved in the bi o log i cal
re sponses to many re cep tor agonists (2).
How ever, some stud ies about the anti -
convulsant ac tiv ity of diterpenes are con tra -
dic tory (3-5).

Kaurenic acid [(-)-kaur-16-en-19-oic
acid], is a diterpene iso lated from the ae rial 
parts of Espeletia semiglobulata (6). We
have pre vi ously found that E semiglobulata
is the spe cies from which kaurenic acid
(KA) is eas ily iso lated be cause its resin is
rich in this acid and it con tains very lit tle
grandiflorenic acid, a com pound which
makes pu ri fi ca tion dif fi cult (7).

KA from dif fer ent nat u ral sources is
un der in ves ti ga tion for pos si ble an ti bac te -
rial (8), cytotoxicity (9) and anti-in flam ma -
tory ac tiv i ties (10). In the course of sev eral
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ex per i ments de signed to in ves ti gate the
anti-in flam ma tory ef fect of KA us ing rats
and mice, we no ticed that treated an i mals
ex hib ited some de gree of se da tion and som -
no lence. Since these are com mon side ef -
fects pro duced by most antiepileptic drugs,
we de cided to screen a pos si ble anti -
convulsant ac tiv ity of KA by us ing two an i -
mal mod els: a) In am phib i ans, the spi nal
sei zure-in duced by sud den cool ing (SSSC),
at trib uted to re lease of ex cit atory amino ac -
ids, glu ta mate, aspartate and the co-ag o nist 
glycine (11, 12), in which com mon anti -
convulsant drugs are ac tive at a sim i lar
dose range that max i mal elec tro shock sei -
zure model (13); b) in mice, the gen er al -
ized sei zure in duced by the PTZ, a GABAA

re cep tor an tag o nist, used even at high
doses, in the screen ing of pu ta tive drugs
with anti-ab sence ac tiv ity (14).

MA TE RI ALS AND METH ODS

Iso la tion of kaurenic acid (KA)
Ae rial parts of E. semiglobulata, 30 Kg, 

was col lected at Páramo of Piedras Blancas,
Mérida, Ven e zuela. The leaves were air dried, 
grounded and ex tracted sev eral times with
n-hex ane at room tem per a ture. The hex ane
ex tract was con cen trated and shaken with a
0.5 N NaOH so lu tion. The aque ous layer,
which con tained the so dium salt of KA as an
emul sion was fil tered in a Büchner fun nel.
The solid pre cip i tate was mixed with wa ter,
acid i fied with di luted HCl and it was shaken
with hex ane. The KA re cov ered from the
hex ane layer was fur ther pu ri fied by flash
chro ma tog ra phy over sil ica gel us ing hex ane 
and hex ane/di ethyl ether (9:1) as sol vent.
An aliquot of each chro mato graphic frac -
tion was meth yl ated and in spected by gas
chro ma tog ra phy at 250°C (6).

In duc tion of sei zures in am phib i ans
Ex per i ments were per formed us ing the 

iso lated spi nal cord-hind limb prep a ra tion

of South Amer i can trop i cal toads (Bufo
marinus) fol low ing the tech nique pre vi -
ously de scribed (11). Am phib i ans were cap -
tured in the sur round ing ar eas of the city of 
Barquisimeto. They were kept in open
spaces for 1-2 weeks be fore used. Af ter
pithing, the spi nal cord was sep a rated from
the brain at C1 level and kept in its ver te -
bral ca nal joined to the hind limbs by the
sci atic nerves.

The sei zure was in duced by plac ing the 
iso lated spi nal cord into a cold Ringer’s
bath main tained at 7°C us ing a bath
circulator (Haake, model FK). The in ten sity 
of the sei zure was as sessed by re cord ing the 
con trac tions of the gas troc ne mius mus cle
us ing a myograph type B con nected to a
physiograph (Narco Biosystems). The la -
tency of the sei zure on set was de fined as
the time elapsed be tween the im mer sion of
the iso lated cord into the cold Ringer’s
bath and the vi su al iza tion of the first clonic 
mus cle con trac tions. An i mals with sim i lar
body weight were se lected in or der to com -
pare the la ten cies for sei zure on set. The du -
ra tion of sei zure was de ter mined by mea sur -
ing on the re cord ing pa per the time from
the ap pear ance of the first group of mus cle
con trac tions un til all mus cle ac tiv ity
ceased. In this model, the pat tern of re -
corded mus cle con trac tions, la ten cies and
du ra tion of sei zures were com pared with
com mon anticonvulsants drugs (13).

In duc tion of sei zures by pentylenetetrazol
(PTZ) in mice

Groups of 40-60 NMRI mice weigh ing
25 to 35 g were ob tained from the An i mal
Fa cil ity of the Universidad Centroccidental
Lisandro Alvarado, Barquisimeto and were
ac cli ma tized for 1 day be fore used. All ex -
per i ments were per formed in the morn ing.
A dose of PTZ at 85 mg/kg, i.p. re ported to
in duced con vul sions in 96-98% of the an i -
mals was used (15, 16), The la tency of the
first gen er al ized clonic sei zure, as well as,
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the num ber of an i mal that ex hib ited gen er -
al ized clonic-tonic sei zure was noted.

Anticonvulsant ef fect end points
In am phib i ans, the eval u a tion of the

anticonvulsant ef fect was done us ing two
end points: a) ab o li tion of tonic hind limb
ex ten sion (THE) and b) to tal block ade of
sei zure ac tiv ity, i.e. no vi su al iza tion nei ther
of tonic nor clonic mus cle con trac tions
(13), whereas in the i.p. PTZ model the
end point was the first ep i sode of con tin u -
ous gen er al ized clonic-tonic sei zure of fore- 
and/or hind limbs with loss of the right ing
re flexes, i.e. an i mals fell onto their side
(17).

Eval u a tion of ad verse ef fects
A gen eral be hav ioral pro file was used

to eval u ate se da tion. In mice, se da tion was
noted when ex hib ited som no lence (de -
crease in mo tor ac tiv ity) and de creased the
right ing re flexes, i.e. when mice were
placed in their back (U shape) and de layed
more than 5 sec to re gain the nor mal po si -
tion on their four feet pad. Mo tor im pair -
ment was pres ent when mice showed weak -
ness of the hind limbs. Am phib i ans were
con sid ered se dated when ex hib ited a de -
creased in the right ing re flexes, i.e. more
time to re cover their nor mal po si tion af ter
an i mals were placed on their back. Mo tor
im pair ment was con sid ered pres ent when
an i mals were un able to walk and jump nor -
mally.

In jec tion of drugs
KA was dis solved in dis tilled wa ter at a

con cen tra tion of 6 mg/mL and stored in
the re frig er a tor for no more than 2 weeks.
In am phib i ans, KA was in jected into the
ven tral lym phatic sac (i.l.) and mice were
in jected i.p. In am phib ian, KA was in jected
1 to 17 h be fore the in duc tion of sei zure in
or der to es ti mate its peak ef fect. Sub se -
quently, in both mod els KA, was given 4 h

be fore the in duc tion of sei zure.
Carbamazepine and phenytoin were pur -
chased from Sigma (St. Louis, MO);
valproic acid from com mer cial sources
(Valpron®, Farma, Ca ra cas, Ven e zuela) and
PTZ from RBI (Natick, MA). Valproic acid
was dis solved in 0.65% sa line, while
carbamazepine and phenytoin were dis -
solved in DMSO plus 0.65% sa line. Com mon 
anticonvulsants were ad min is tered i.l. 1 h
be fore the in duc tion of SSSC. Con trol am -
phib i ans re ceived the re spec tive sol vent and 
con trol mice were in jected with PTZ dis -
solved in 0.85% sa line.

Sta tis ti cal anal y sis
Data for la ten cies and du ra tion of sei -

zures were an a lyzed us ing one way ANOVA
fol lowed by Dunnett’s test com pared with
con trol val ues in the am phib ian model and
Stu dent’s “t” test in the PTZ model as sug -
gested (17). A p < 0.05 was con sid ered as
sig nif i cant.

RE SULTS

Iso la tion of kaurenic acid
In to tal, 43 g of KA were ob tained from 

E. semiglobulata (Fig. 1), its melt ing point
was 175-178oC and the chem i cal struc ture
is pre sented in Fig. 1. The so dium salt of
KA was fairly sol u ble in wa ter; but the so lu -
tion of ten re quired to be shaken be fore it
was taken into the sy ringe for in jec tion.

The spi nal sei zure-in duced by sud den
 cool ing (SSSC)

In con trol am phib i ans the im mer sion
of the iso lated spi nal cord into a cold
Ringer’s bath in duced a typ i cal sei zure re -
corded as mus cle con trac tions that be gan
with a la tency of 84 ± 6.7 sec. Ini tially, it
was ob served as very tiny mus cle fi bril la -
tions or trem ors which were vi su al ized, but
dif fi cult to re cord. Af ter this ini tial phase, a 
group of larger clonic mus cle con trac tions
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ap peared that in creased in in ten sity un til a
full tonic hind-limb ex ten sions (THE) was
reached. This THE phase lasted 4 to 6 sec -
onds, and it was fol lowed by a sec ond group 
of ir reg u lar clonic mus cle con trac tions un -
til all ac tiv ity ceased. The mean total du ra -

tion of the SSSC was 12.5 ± 4.1 sec (n =
17) (Fig. 2).

KA was re mark ably ef fec tive for abol -
ish ing the THE at a dose as low as 0.62
mg/kg (Fig. 2), but to tal block ade of the
clonic phase was not achieved even when a
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Fig. 1. Sour ce and struc tu re of kau re nic acid. This di ter pe ne was iso la ted from the ae rial parts of
Espe le tii nae, re si nous plants that grow abo ve 2500 me ters of al ti tu de in the Andes of Ecua -
dor, Co lom bia, and Ve ne zue la. About 85 spe cies have been des cri bed for Ve ne zue la and Espe -
le tia se mi glo bu la ta (at the left) is the best sour ce of kau re nic acid (at the right).

Fig. 2. Pat tern of mus cle con trac tions du ring SSSC. Con trol: Typi cal sei zu re in con trol toad. Note
that du ring to nic hind limbs ex ten sion (THE), the myo graph ex ceeds its ma xi mal ca pa city and
a straight line is re cor ded. Re cor dings af ter kau re nic acid (2.5), val proic acid (500), car ba ma -
ze pi ne (10) and pheny toin (5). Do ses are ex pres sed in mg/kg. THE was abo lis hed af ter kau re -
nic acid and val proic acid and the clo nic pha se de pres sed af ter car ba ma ze pi ne and pheny toin.
Ca li bra tion of myo graph and speed of re cor ding shown in ver ti cal and ho ri zon tal brac kets ap -
plies to all re cord ings.



large dose of 160 mg/kg was given. The
best peak ef fec tive time post-KA in jec tion
was observed to be at 4 h af ter in jec tion;
how ever, the block ing ef fect of KA could
still be observed 17 h post injection (80
mg/kg, n = 4). When com pared with com -
mon anticonvulsants, KA in hib ited the THE
with an ED50 of 2.5 mg/kg; while
carbamazepine and phenytoin had an ED50
of 8.6 and 13.0 mg/kg, re spec tively
(Fig. 5). To tal block ade of sei zure, (i.e. to -
tal de pres sion of the clonic phase), was at -
tained for carbamazepine and phenytoin
with an ED50 of 12 and 16 mg/kg, re spec -
tively; while KA and valproic acid were in ef -
fec tive even at doses of 160 and 1000
mg/kg, re spec tively.

KA did not al ter the la tency of sei zure
on set (i.e. the be gin ning of mus cle con trac -
tions). Sim i lar re sult was ob tained when
com pared with valproic acid at 500 mg/kg;
but carbamazepine and phenytoin sig nif i -

cantly pro longed the la tency at 5 and 10
mg/kg, re spec tively (Fig. 3).

KA had no ac tiv ity against du ra tion of
the clonic phase of sei zure and a sim i lar ef -
fect was found when it was com pared with
valproic acid at doses of 50 and 100 mg/kg
(Fig. 4); in con trast, carbamazepine and
phenytoin tended to de crease the du ra tion
of the clonic phase at 5 mg/kg (Fig. 2).

Sei zures in duced by PTZ
In 14% of mice PTZ in duced only clonic

sei zures, with out loss of right ing re flexes 
while gen er al ized clonic-tonic sei zure were
ob served in 86% of the an i mals (n = 22).
When KA was pre vi ously given at doses of
0.62 (n = 18) and 1.25 (n = 20) mg/kg,
KA pro tected mice against the gen er al ized
clonic-tonic sei zure to 45% and 65% of the
cases, re spec tively.

In an i mals treated with PTZ only the
mean la tency of sei zure on set was 61 ± 9
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Fig. 3. Effect of kau re nic acid (KA) and ma jor an ti con vul sant drugs on la ten cies to on set of sei zu re.
KA (ove rall ANOVA, F = 1.989, DF = 86, p = 0.058) and val proic acid (VAL) did not en han ce
the la tency, whe reas car ba ma ze pi ne (CBZ) and pheny toin (PNT) in crea sed the la tency sig ni fi -
cantly. Each drug had its own con trol group and at least 6 toads were trea ted with each dose.
Ver ti cal bars in di ca ted the SE of the mean. Asterisk is a p < 0.05.



sec. Af ter pre treat ment with KA at doses of
0.62 and 1.25 mg/kg re spec tively, the mean
la tency of sei zure in creased sig nif i cantly to
291 ± 77 sec and 254 ± 55 sec (p < 0.05).

Es ti ma tion of ad verse ef fects
In mice, KA at dose of 20 mg/kg, ex -

hib ited mo tor im pair ment that be gan 2
min af ter in jec tion and long last ing signs of 
se da tion (8 to 12 h) were seen in 70% of an -
i mals 30 min af ter treat ment. While in
amphibians, the sed a tive ef fect of KA was
vis i ble at 80 mg/kg, 30 min af ter treat -
ment, but it lasted no more than 2 h
(Fig. 5).

DIS CUS SION

This work pres ent ev i dences that KA, a 
diterpene iso lated from E. semiglobulata,
has a po tent and re mark able ac tiv ity
against THE of SSSC in trop i cal toads and

PTZ-in duced clonic-tonic sei zure in mice.
Af ter 4 h of KA ad min is tra tion the pat tern
of SSSC, re corded as mus cle con trac tions,
was very sim i lar to that found af ter 1 h of
valproic acid in jec tion, i.e. both drugs abol -
ished the tonic phase of the SSSCs, but
failed to block the clonic phase or to al ter
the la tency and du ra tion of the clonic
phase of SSSC. How ever, the ac tion of KA
was dif fer ent from that of carbamazepine
and phenytoin, wich were able to produce a
to tal block of the clonic phase (13).

Dur ing SSSC, the THE is seen as a max -
i mal mus cle con trac tion, when into the spi -
nal cord take place a large and long last ing
de po lar iza tion ac com pa nied of re pet i tive
fir ing of motoneurons, that was re corded
physio graphically us ing the hemisected iso -
lated spi nal cord with a su crose gap re cord -
ings (18). The re pet i tive fir ing is ef fec tively
abol ished by N-methyl-D-aspartate (NMDA)
re cep tor an tag o nists, but they only re duce
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Fig. 4. Effect of kau re nic acid and ma jor an ti con vul sant drugs on du ra tion of clo nic pha se of SSSC.
Drug ab bre via tions are pre sen ted in pre vious fi gu re. Although it is not sig ni fi cant, kau re nic
acid (ove rall ANOVA, F = 1.109, DF = 80, p = 0.367) and val proic acid tend to in crea se the
du ra tion of the clo nic pha se. On the con trary, car ba ma ze pi ne and pheny toin tend to de crea se
it. Each drug had its own control group.



the long last ing de po lar iza tion about one
half (18). Fur ther more, when NMDA re cep -
tor an tag o nists are in jected and, their ef -
fect on SSSC re corded as mus cle con trac -
tion, we have been able to see pro longed
and weak clonic mus cle con trac tions that
last up to 28 sec (11, 13, 19) These pre vi -
ous find ings let us think that KA in the
SSSC model may not be act ing as a NMDA
re cep tor an tag o nist.

PTZ is the most com monly used chem -
i cal convulsant act ing as GABAA re cep tor
an tag o nist used to in duce sei zure in ro -
dents. Sev eral routes of ad min is tra tion and
dos age re gimes are used, but the most pop -
u lar are: a) low PTZ doses (20-30 mg/kg)
that in duced ab sence-like sei zure that re -
quires EEG mon i tor ing which is the ma jor
ob sta cle at these doses (14); b) in ter me di -
ate subconvulsant doses of PTZ (40 – 60
mg) are used for in ves ti ga tion of pro -
convulsant ac tion of drugs (3, 20) and
c) high doses of PTZ (80 – 100 mg/kg, s.c.) 
which can in duce gen er al ized clonic
seizure in all an i mals (15-17). Even though
these high doses do not meet the cri te ria
for ex per i men tal ab sence sei zure, these
clonic sei zures are used to screen for
anti-ab sence ac tiv ity and are re ported to

pro duce re cruit ment of brainstem cir cuitry
with re sul tant tonic sei zures (14). Af ter
PTZ (85 mg/kg, s.c.) la ten cies to the on set
of sei zure was re ported be tween 60–210 sec 
(15), but smaller la ten cies be tween 40 to
110 sec were ob served af ter PTZ given i.p.
in our ex per i ments.

Mem bers of the diterpene fam ily have
a con tro ver sial ef fect af ter ad min is tra tion
of GABAA re cep tor an tag o nists. Whereas,
forskolin, has been re ported to pre vent
PTZ-in duced sei zures in mice (1) and it pro -
tects against bicuculline-in duced con vul -
sions (3); in hippocampal slices, it ap pears
to en hance the gen er a tion of after -
discharges and there fore to be pro -
convulsant (5). In ad di tion, sclareol gly col,
an other diterpene of the labdane fam ily, ap -
pears to po ten ti ate PTZ-in duced sei zures
(20). Whether KA acts as ac ti va tor of
adenylate cyclase, sim i lar to forskolin, re -
mains to be in ves ti gated.

In our lab o ra tory KA has shown
hypotensive ef fects that are as so ci ated with
the gen er a tion of ni tric ox ide (NO). In deed, 
spon ta ne ously hy per ten sive rats treated
with KA, 20 mg/kg, in the pres ence and ab -
sence of L-NG-nitroarginine methyl es ter
(L-NAME), a NO synthase (NOS) in hib i tor,
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Fig. 5. Dose res pon se cur ve com pa ri son and ad ver se ef fect of kau re nic acid. The to nic hind limb ex -
ten sion (THE) in the SSSC mo del was in hi bi ted (ED50 in mg/kg) by: kau re nic acid 2.5, car ba -
ma ze pi ne 8.6, pheny toin 13 and val proic acid 120. Se da ti ve dose (ED50) in mice was 8.5
mg/kg and in toads 75 mg/kg. The in hi bi tion of THE (%) or se da tion (%) re fer to the per cen -
ta ge of ani mals wit hout ex hi bi ting THE or sho wing se da tion, wit hin the res pec ti ve group. Do -
ses of drugs in X axis are in log scale. Drug abbreviations are indicated in Fig. 3.



the vaso-re lax ant ef fects were sug gested to
be a NO-me di ated event (21). It is not fea si -
ble that KA may be act ing as anticonvulsant 
by a NO gen er at ing mech a nism, be cause
the doses needed to pro duce this ef fect are
10-fold higher than its anticonvulsant dose. 
In ad di tion, the role of NOS in hib i tors in
sei zure ac tiv ity has a large vari a tion (22).
For in stance, the model of PTZ-in duce sei -
zure in mice: it is in hib ited by L-NAME
(23); but it is nei ther af fected by
7-nitroindazole, a pref er en tial in hib i tor of
neuronal NOS nor by NG-ni tro-L-arginine,
an arginine an a logue (22).

A pos si ble ef fect of KA on so dium
chan nel act ing by a mech a nism sim i lar to
carbamazepine and phenytoin could not be
ruled out, but these agents are in ef fec tive
(17) or tend to ag gra vate PTZ-in duced ab -
sence sei zure (14), on the con trary,
valproic acid (16, 17) and KA are ef fec tive
against PTZ-in duced clonic-tonic sei zures.

In con clu sion, this work pres ents ev i -
dence that KA, at a dose rel a tively low
(ED50 of 2.5 mg/kg), has anticonvulsant ef -
fects on the SSSC model, with a pat tern of
mus cle con trac tions sim i lar to valproic
acid, but more po tent than carbamazepine,
phenytoin and valproic acid. Fur ther more,
it shows that KA is ef fec tive for de creas ing
PTZ-in duced clonic-tonic sei zures, as it was
also re ported for valproic acid (16). We do
not have yet an ex pla na tion for the mech a -
nism of ac tion of KA, but these find ings
sug gest that KA deserves at ten tion and it
should be tested in other an i mal models of
sei zures in or der to fully char ac ter ize its
anticonvulsant antivity.
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