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VELfSEK, L., H. KUBOVA, P. MARES AND D. VACHOVA. Kainate/AMPA receptor antagonists are anticonvuC 
sant against the tonic hindlimb component of pentylenetetrazol-induced seizures in developing rats. PHARMACOL BIO- 
CHEM BEHAV 51(l) 153-158, 1995.-Non-NMDA receptor antagonists CNQX, DNQX, and NBQX (10-40 mg/kg IP) 
were tested against pentylenetetrazol-induced (100 mg/kg SC) seizures in 7 to Wday-old rats. All three drugs significantly 
decreased the incidence of tonic hindlimb component of tonic-clonic pentylenetetrazol seizures, often in favor of increased 
incidence of forelimb tonus throughout development. In addition, in 7 to 25-day-old rats, DNQX and NBQX decreased the 
severity of seizures due to a decrease in total incidence of the tonic component of tonic-clonic seizures compared to age- 
matched controls. However. neither chug was able to consistently suppress the incidence or increase latency to onset of clonic 
and tonic-clonic pentylenetetrazol seizures. The data suggest that, during development, non-NMDA receptor transmission 
may play a role in the generation of the tonic component, but not in the generation of other components of pentylenetetraaol- 
induced seizures. 

Development Seizures Pentylenetetriizol Quinoxalines Rat 

EXCITATORY amino acid (EAA) neurotransmission plays 
an important role in seizures. All three prototypic EAA [kai- 
nit acid, N-methyl+aspartic acid (NMDA) and quisqualic 
acid] as well as glutamic acid, induce seizures in experimental 
animals (2,14,18,22). The seizures are EAA specific and they 
are also age specific (1,13,22,28). On the other hand, antago- 
nists of EAA receptors, especially of NMDA subtype, have 
anticonvulsant properties in various seizure models (5.6, 
26,29). 

Recently, we have demonstrated that NMDA receptor an- 
tagonists 2-amino-7-phosphonoheptanoic acid (2-API-I) and 

MK-801 suppress pentylenetetrazol-induced tonic-clonic sei- 
zures in developing rats. MK-801 was more effective against 
pentylenetetrazol-induced seizures in 7-day-old than in 90-day- 
old rats, whereas ZAPH was virtually equipotent throughout 
development. Another seizure type induced by pentylenetetra- 
zol, i.e., face and forelimb clonus, was not affected by the two 
NMDA receptor antagonists (26.27). NMDA receptor antago- 
nists were also introduced into clinical trials as add-on anticon- 
vulsants. However, these trials were ceased due to serious ad- 
verse effects (20,23). 

Anticonvulsant action of non-NMDA receptor antagonists 
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has been already demonstrated in several seizure models in 
adult animals (4,10,19,21,30). Because non-NMDA receptor 
antagonists poorly cross the blood-brain barrier, first we hy- 
pothesized that they would be better anticonvulsants in young 
than in adult rats. Second, we hypothesized that non-NMDA 
receptor antagonists would suppress both clonic and tonic- 
clonic pentylenetetrazol-induced seizures. We expected that 
these drugs would generally suppress the seizure initiation and 
spread throughout the CNS due to the blockade of fast excit- 
atory synaptic transmission even if they would not directly 
affect specific seizure generators hypothesized previously 
(3,8). 

We used male Wistar albino rats (n = 542) in five age 
groups: 7, 12, 18, 25, and 90 day olds. These ages roughly 
correspond to human preterm newborns (7 days of age), in- 
fants (12 days), children (18 days), prepubescents (25 days), 
and adults (90 days) (9). 

The rats in control groups were treated by pentylenetetra- 
zol (100 mg/kg SC; 100 mg in 1 ml of saline). To control for 
the effects of solvent for non-NMDA receptor antagonists, 
other groups were pretreated with 1 ml/kg of dimethylsulfox- 
ide (DMSO) IP. The same volume of DMSO was used to 
dissolve the drugs tested. 

Three non-NMDA receptor antagonists were used: CNQX 
(6cyano-7-nitroquinoxaline-2,3-dione), DNQX (6,7-dinitro- 
quinoxaline-2,3-dione), and NBQX [2,3-dihydroxy-6-nitro-7- 
sulphamoyl-benzo(F)quinoxaline] (all gifts from the Research 
Institute for Pharmacy and Biochemistry, Prague, the Czech 
Republic). The antagonists were administered in doses 10, 20, 
or 40 mg/kg IP, dissolved in the volume of DMSO corre- 
sponding to the total dose of 1 ml/ 1 kg. 

Thirty minutes following the pretreatment with either di- 
methylsulfoxide or non-NMDA antagonists (4,17,30), the rats 
received the same dose of pentylenetetrazol as control groups 
(100 mg/kg SC). 

Immediately after the injection of pentylenetetrazol, the 
rats were placed into the separate chambers and observed for 
30 min for clonic seizures (clonus of head muscles and fore- 
limbs with preserved righting ability) that occur regularly in 
ll-day-old and older rats (25), and tonic-clonic seizures (loss 
of righting, tonus of the limbs followed by a long clonus), that 
can be observed throughout development (25). Rat pups (7-18 
days old) were placed in cages with an electrically heated floor 
to 34OC. 

We recorded the incidence and latency to onset of clonic 
and tonic-clonic seizures. Our pilot experiments suggested 
that after the pretreatment with non-NMDA antagonists, 
there may be differences, especially in the expression of fore- 
and hindlimb tonic component of seizures. Therefore, the in- 
cidence of tonic phase on fore- and hindlimbs was carefully 
and separately recorded (11). In addition, to evaluate the over- 
all severity of seizures (i.e., clonic seizures, tonic-clonic sei- 
zures, and tonic phases together) score points were arbitrarily 
assigned to each rat according to the maximal pattern in the 
following scale (IS): 0.5 -abnormal behavior (e.g., reorienta- 
tion of already habituated rat, sniffing, rearing); 1 -my- 
oclonic twitches; 2 -unilateral, asymmetric or incomplete clo- 
nic seizures (usually in pups); 3-bilateral symmetric clonic 
seizures; 4 -seizures beginning with the loss of righting reflex 
followed by a long clonus, but without pronounced tonic com- 
ponent; 5 -complete tonic-clonic seizures (tonic component 
present). The incidence of seizures and tonic components was 
statistically evaluated in a contingency table using x*-test with 
post hoc cell contributions. The latency to onset of seizures 
was compared within each age group using ANOVA with post 

hoc Tukey test, if the main effect was detected. Seizure score 
data were evaluated by nonparametric Kruskal-Wallis test fol- 
lowed with nonparametric paired comparisons, if the main 
effect was detected. The level of significance was set to 5% (p 
< 0.05). 

Clonic Seizures (Data Not Illustrated) 

Clonic seizures were regularly elicited by pentylenetetrazol 
in 18-, 25-, and 90-day-old control rats [93%, 93070, and 100% 
respectively; (25)]. Latency to onset of clonic seizures in- 
creased with age of the rats. 

In 7-day-old rats, pretreatments with DNQX (10 and 40 
mg/kg) and NBQX (10 mg/kg) significantly increased the inci- 
dence of clonic seizures compared to 6.3% in controls [x*(10) 
= 28.84, p < 0.051. In lZday-old rats, there was an increase 
in the incidence of clonic seizures from 21% in controls to 
67.5% after DMSO pretreatment [x*(10) = 24.86,~ < 0.051. 
In 18-day-old rats, several doses of non-NMDA antagonists 
(DNQX 10 and 40 mg/kg, and NBQX 40 mg/kg) significantly 
increased the Iatency to onset of clonic seizures compared to 
controls (ANOVA with post hoc Tukey test; F(l0, 68) = 
5.6li, p < 0.051. In 25-day-old rats, the lowest dose of 
DNQX and NBQX (10 mg/kg) identically suppressed the inci- 
dence of clonic seizures to 50% [x*(10) = 23.29, p < 0.051. 
In the same age group, CNQX (40 mg/kg) increased the la- 
tency to onset of clonic seizures compared to controls [AN- 
OVA; F(10, 87) = 2.371,~ < 0.051. In 90-day-old rats, there 
were no significant effects of DMSO and nonNMDA antago- 
nist pretreatment on the incidence and latency to onset of 
clonic seizures. 

Tonic-Clonic Seizures (Data Not Illustrated) 

Tonic-clonic seizures were induced in 100% of 7-18-day- 
old rat pups, in 93% of 25-day-old rats, and in 62.5% of 
adult rats. The latency to onset of tonic-clonic seizures was 
somewhat longer in 7 day than in 12- and 18-day-old rat pups, 
with an increase in 25-day-old and adult rats (25). 

DMSO did not significantly change the incidence of tonic- 
clonic seizures. There was rather a decreasing, but insignifi- 
cant, trend in the latency to onset of tonic-clonic seizures after 
DMSO pretreatment. The effects of non-NMDA antagonists 
on tonic-clonic seizures were inconsistent. In 7-day-old rats, 
DNQX (40 mg/kg) and NBQX (20 mg/kg) compared to con- 
trols significantly increased latency to onset of tonic-clonic 
seizures [ANOVA, F(10, 82) = 3.291, p < 0.051. In lZday- 
old rats, CNQX (10 mg/kg) and DNQX (40 mg/kg) increased 
the latency to onset of tonic-clonic seizures, while the dose of 
20 mg/kg of DNQX decreased the latency compared to con- 
trols [ANOVA; F(l0, %) = 3.935, p < 0.051. In l&day-old 
rats, there was no effect of pretreatment on tonic-clonic sei- 
zures. In 25-day-old rats compared to controls, NBQX (10 
and 20 mg/kg) and DNQX (10 mg/kg) significantly sup- 
pressed the incidence of tonic-clonic seizures [to 37.5%,50%, 
and 25%, respectively; x*(10) = 38.97, p < 0.051. In the 
same age group, CNQX (40 mg/kg) decreased and NBQX (10 
mg/kg) increased the latency to onset of tonic-clonic seizures 
[ANOVA; fll0, 73) = 2.446, p < 0.051. In adult rats, we 
did not find any effects of DMSO and non-NMDA receptor 
antagonists on either incidence or latency to onset of tonic- 
clonic pentylenetetrazol seizures. 

Seizure score (severity of seizures; Table I). In all age 
groups of control rats, the mean score was 4.3-5.0 due to 
prevailing fully developed tonic-clonic seizures (i.e., score 5 
seizures). 
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TABLE 1 

SEVERITY OF SEIZURES (EXPRESSED AS A SEIZURE SCORE) INDUCED BY PENTYLENETETRAZOL AND THE EFFECTS OF 
NON-NMDA RECEPTOR ANTAGONISTS 

Treatment 

Age Controls 
DMSO 
1 ml/kg 

CNQX DNQX NBQX 

10 mg/kg 20 mg/kg 40 mg/kg 10 mg/kg 20 mg/kg 40 mg/kg 10 mg/kg 20 mg/kg 40 mg/kg 

I days 

;95, 
5.0 

(5-5) (z) (:I:) (x) (z) 
4.0*t 3.1.t 4.4 

(l-5) (l-5) (:I;) (4-5) (ii:) 
n = 16 n=8 n=8 n=8 n=8 n=9 n=8 n=8 n=8 n=8 n=8 

12 days 
;Jb_5) (z) (:I:) (:i;) (:I:) (::05) (:I;) 

3.5*t 
& 

4.8 4.4 

(l-5) (4-5) (4-5) 
n = 29 n=8 n=8 n=8 n=9 n=8 n=8 n=8 n=8 n=8 n=8 

18 days 
;:5, (:I:) (?z) (:I;) (z) (05;If) (fi:) 

4.7 

(4-5) (04545) 
5.0 

(5-5) (035::) 
n = 27 n=8 n=8 n=8 n=8 n=8 n=8 n=8 n=8 n=8 n=8 

25 days 4.9 
(z) (z) (z) (:la5) 

2.3*t 
(k:) 

4.8 2.6*t 4.0 
(3-5) (0.5-5) (3-5) (0.5-5) (l-5) (:z) 

n = 30 n=8 n=8 n=8 n=8 n=8 n=8 n=8 n=8 n=8 n=8 
90 days 4.30 

(03545) (;I:) (z) (:I:) (G) (z) (:I:) 
5.0 

(3-5) (5-5) (:I:) 
4.8 

(3-5) 
n = 16 n=8 n=8 n=8 n=8 n = 10 n=8 n=S n=8 n=8 n=8 

The values in the table represent mean (minimal-maximal value-illustrating the uniformity) in the subgroup. 
*Siguificaut difference (p < 0.05) compared to the age-matched control group. 
tSiguificaut difference @ c 0.05) compared to the age-matched DMSO group. 

DMSO pretreatment did not significantly change the score. 
The pretreatment with non-NMDA antagonists decreased the 
severity of seizures in 7-2%day-old rats. In 7- and lZday-old 
rats, only DNQX significantly attenuated the seizures com- 
pared to age-matched controls (Kruskal-Wallis test; H = 
30.759, p < 0.05, and H = 24.373, p < 0.05, respectively). 
In 18- and 25-day-old rats, both DNQX and NBQX signifi- 
cantly decreased seizure severity (H = 20.101, p c 0.05, and 
H = 39.135,~ < 0.05, respectively). 

Effects of Non-NMDA Antagonists on the Expression of 
Tonic Component of Tonic-Clonic Seizures (Fig. I) 

In control rats, the total incidence of tonic component [ei- 
ther only forelimbs (Fig. 1; open part of the bars) or forelimbs 
together with hindlimbs (Fig. 1; dashed part of the bars)] was 
62.5-100% with major (> 80% of total) contribution of com- 
bined forelimb and hindlimb tonus (dashed bars). We never 
observed hindlimb tonus without an accompanying forelimb 
tonus both in control conditions and after pretreatment. 

DMSO did not significantly change either the total inci- 
dence of the tonic component or the share of forelimb tonic 
component. In 7-day-old rats, all three non-NMDA antago- 
nists significantly suppressed the incidence of tonic hindlimb 
component of seizures [x2(10) = 39.55, p < 0.051; however, 
only the largest dose of DNQX (40 mg/kg) and both 20 and 
40 mg/kg of NBQX decreased the total incidence of tonic 
component of seizures compared to age-matched controls 
[x2(10) = 40.44, p < 0.051. In 12-day-old rats, all doses of 
non-NMDA receptor antagonists decreased significantly the 
incidence of tonic hindlimb component of seizures h2(10) = 
36.27, p < 0.051; however, only the largest doses of DNQX 
and NBQX significantly suppressed total incidence of tonic 
component [x2(10) = 23.02,~ < 0.051. In 18-day-old rats, all 
tested non-NMDA receptor antagonists suppressed the tonic 

hindlimb component compared to controls, but without an 
apparent dose dependence [x2(10) = 65.23, p < 0.051. In this 
age group, there was no effect of the drugs on the total inci- 
dence of tonic phase. In 25-day-old rats, although without a 
dose dependence, all drugs used suppressed the incidence of 
tonic hindlimb component of seizures compared to controls 
[x2(10) = 54.37, p < 0.051. Moreover, the lowest dose of 
DNQX (10 mg/kg) and all doses of NBQX suppressed the 
total incidence of tonic phase [x2(10) = 36.02, p < 0.051. In 
adult 90-day-old rats, we found only a suppression of tonic 
hindlimb component, without a specific dose dependence 
[x2(10) = 35.71, p < 0.051. Thus, the preatreatment with 
non-NMDA antagonists had two major effects on pentylene- 
tetrazol seizures if compared to age-matched controls: a) the 
pretreatment significantly decreased the participation of hind- 
limb tonic component of seizures often in favor of increased 
incidence of forelimb tonic phase throughout the development 
and rarely b) suppressed the total incidence of tonic compo- 
nent of pentylenetetrazol seizures in all age groups except for 
adult rats. 

Our data demonstrate that non-NMDA receptor antago- 
nists (CNQX, DNQX, and NBQX) attenuate the severity of 
pentylenetetrazol-induced seizures throughout development 
due to suppression of the tonic hindlimb component in the 
pattern of tonic-clonic seizures. Except for adult rats, non- 
NMDA receptor antagonists also decrease the total incidence 
of tonic component of tonic-clonic seizures. In contrast, non- 
NMDA receptor antagonists have inconsistent effects on the 
incidence and latency to onset of pentylenetetrazol-induced 
clonic and tonic-clonic seizures in developing rats. 

Our present results correspond with previous studies on 
the action of quinoxalines. In audiogenic seizure-prone rats, 
NBQX was about three times more potent in suppression of 
the tonic component of seizures than against the clonic com- 
ponent (19). Systemic administration of NBQX abolished 
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FIG. 1. The incidence of tonic components of pentylenetetrazol-induced seizures in developing rats. Age groups 7, 12, 
18, 25, and 90 days are arranged from top to bottom. x axis-treatment, see the Method section for abbreviations; y 
axis-incidence in percent. Dashed bars represent the incidence of hindhmb tonus observed together with forelimb tonus. 
Open bars represent the incidence of forelimb tonus only. The entire bar shows the total incidence of any tonic 
component in the tonic-clonic seizures (i.e., forelimbs together with hindlimbs + forelimbs only). *Significant differ- 
ence from controls in the incidence of the tonic component present on hindlimbs together with forelimbs (dashed bar); 
x2 test with post hoc cell contributions; p < 0.05. #Significant difference from controls in the incidence of all tonic 
components (dashed + open bar); x2 test with post hoc cell contributions; p < 0.05. 
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tonic hindlimb extension in maximal electroshock seizures in 
mice (21). The data suggest that non-NMDA receptor- 
mediated synaptic transmission may play a role in the genesis 
of tonic component of tonic-clonic seizures during develop- 
ment. The action of non-NMDA antagonists against the tonic 
component of seizures is similar to that seen in some classic 
antiepileptic drugs that suppress seizure spread (e.g., pheny- 
toin and carbamazepine) (11,12). We can speculate that some 
of those antiepileptic drugs might also affect non-NMDA ex- 
citatory transmission as one of their mechanisms of action. It 
should be noted, however, that the antiextensor effects of 
some anticonvulsant and experimental drugs are sometimes 
difficult to interpret due to a possible interaction (coincidental 
or unrelated to anticonvulsant effects) with sustained muscle 
contraction and/or spinal reflexes at the muscle and spinal 
cord levels (16). It is not clear whether quinoxalines act also at 
a muscle or muscle spindle system. Nevertheless, the evalua- 
tion of the tonic component of the tonic-clonic seizure re- 
mains to be a part of routine screening for anticonvulsant 
potency of new drugs (11). 

The induction of both clonic and tonic-clonic pentylenetet- 
razol-induced seizures was much less affected by non-NMDA 
receptor antagonists than the tonic component. In mice, 
NBQX ED, against clonic pentylenetetrazol-induced seizures 
is approximately 85 mg/kg (30), which is a very high dose in 
comparison with our protocol. 

The absence of significant anticonvulsant effects of non- 
NMDA antagonists in the adult rats suggests that there may 
be a substantial influence of blood-brain barrier on the per- 
meability of quinoxalines into the brain of adult rats after 
systemic administration. Thus, anticonvulsant effects of quin- 
oxalines were observed predominantly in young rats. Recent 
studies, however, have demonstrated anticonvulsant effects of 
non-NMDA antagonists in adult animals in various seizure 
models (audiogenic seizures in rats and mice, myoclonus in 
baboons, maximal electroshock, systemic pentylenetetrazol-, 
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quisqualate-, kainate-, NMDA-, and AMPA-induced seizures, 
and ICV bicuculline-induced seizures) (4,7,10,19,21,24,30). 
CNQX also decreased the duration of spike-and-wave dis- 
charges in the WAG/Rij strain of nonconvulsive rat model of 
spontaneous absence epilepsy (17). The time factor of quinox- 
aline action could also play a role. Recent study demonstrated 
that NBQX had maximal anticonvulsant effects 20 min after 
IP administration, which is different from our 30 min pre- 
treatment period. However, in the aforementioned study, the 
anticonvulsant effects were still significant after 60 min (4). In 
the more subtle model of spontaneous EEG absence seizures, 
the anticonvulsant effects of CNQX (ICV application) lasted 
for several hours (17). 

EAA receptor antagonists, and especially NMDA receptor 
antagonists, are excellent experimental anticonvulsants effec- 
tive against different patterns of experimental seizures. 
NMDA receptor antagonists suppress the occurrence of entire 
tonic-clonic seizure while non-NMDA receptor antagonists 
seem to be more specific against the tonic hindlimb com- 
ponent of tonic-clonic seizures. However, this class of ex- 
perimental anticonvulsants did not fulfill the expectations in 
human epilepsy. Significant adverse effects (including a loss 
of anticonvulsant potency, memory deficits, and psychotic 
symptoms) of tested NMDA receptor antagonists MK-801 and 
D-CPP-ene interrupted ongoing clinical trials (20,23). This 
striking difference between experimental and clinical results 
suggests that it is necessary to adjust the battery of experimen- 
tal tests available to depict more accurately the human condi- 
tion. Furthermore, there should be a careful experimental and 
clinical search for predictable adverse effects in putative anti- 
convulsants. 

ACKNOWLEDGEMENT 

This work was supported in part by an Epilepsy Foundation of 
America Research Grant to L.V. 

REFERENCES 

1. Albala, B. J.; MoshC, S. L.; Okada, R. Kainic-acid-induced sei- 
zures: A developmental study. Dev. Brain Res. 13:139-148; 1984. 

2. Ben-Ari, Y.; Tremblay, E.; Riche, D.; Ghilini, G.; Naquet, R. 
Electrograpbic, clinical and pathologic alterations following sys- 
temic administration of kainic acid, bicuculline or pentetrazole: 
Metabolic mapping using the deoxyglucose method with special 
reference to the pathology of epilepsy. Neuroscience 6: 1361-l 391; 
1981. 

3. Browning, R. A.; Nelson, D. K. Modification of electroshock 
and pentylenetetrazol seizure patterns in rats after precollicular 
transections. Exp. Neurol. 93:5&i-556; 1986. 

4. Chapman, A. G.; Smith, S. E.; Meldrum, B. S. The anticonvul- 
sant effect of the non-NMDA antagonists, NBQX and GYKI 
52466, in mice. Epilepsy Res. 9:92-96; 1991. 

5. Clineschmidt, B. V.; Martin, G. E.; Bunting, P. R. Anticonvul- 
sant activity of (+)5-methyl-lO,ll-dihydro-5Hdibenzo(a,d)- 
cyclohepten-5,10-imine (MK 801). a substance with potent anti- 
convulsant, central sympathomimetic, and apparent anxiolytic 
properties. Drug Dev. Res. 2:123-134; 1982. 

6. De Sarro, G. B.; Meldrum, B.; Reaville, C. Anticonvulsant action 
of 2-amino-7 phosphonoheptanoic acid in the substantia nigra. 
Eur. J. Pharmacol. R&175-179; 1984. 

7. Faingold, C. L.; Naritoku, D. K.; Copley, C. A.; Randall, M. E.; 
Riaz, A.; Anderson, C. A.; Americ, S. P. Glutamate in the infe- 
rior colliculus plays a critical role in audiogenic seizure suscepti- 
bility. Epilepsy Res. 13:95-105; 1992. 

8. Gale, K. Subcortical structures and pathways involved in convul- 

sive seizure generalization. J. Clin. Neurophysiol. 9:264-277; 
1992. 

9. Gottlieb, A.; Keydor, I.; Epstein, H. T. Rodent brain growth 
stages. An analytical review. Biol. Neonate 32:166-176; 1977. 

10. Jurson, P. A.; Freed, W. J. A slight anticonvulsant effect of 
CNQX and DNQX as measured by homocysteine- and quisqua- 
late-induced seizures. Pharmacol. Biochem. Behav. 36:177-181; 
1990. 

11. Laird, H. E., II. Antiepileptic drug research: An overview. Fed. 
Proc. 33:2627-2628; 1985. 

12. Mare& P.; Hlavam, J.; LiSkova, K.; Mudrochova, M. Effects 
of carbamazepine and diphenylhydantoin on metrazol seizures 
during ontogenesis in rats. Physiol. Bohemoslov. 32:92-%; 1983. 

13. Mare& P.; VeliSek, L. N-Methyl-D-aspartate (NMDA)-induced 
seizures in developing rats. Dev. Brain Res. 65:185-189; 1992. 

14. Pisa, M.; Sanberg, P. R.; Corcoran, M. E.; Fibiger, H. C. Spon- 
taneously recurrent seizures after intracerebral injections of kai- 
nit acid in rat: A possible method of human temporal lobe epi- 
lepsy. Brain Res. 2m481-487; 1980. 

15. Pohl, M.; Mare!!., P. Effects of flunarizine on Metrazol-induced 
seizures in developing rats. Epilepsy Res. 1:302-305; 1987. 

16. Raines, A.; Helke, C. J.; Iadarola, M. I.; Britton, L. W.; Ander- 
son, R. J. Blockade of the tonic hindlimb extensor component of 
maximal electroshock and pentylenetetrazol-induced seizures by 
drugs acting on muscle and muscle spindle system: A perspective 
on method. Epilepsia 17:395-402; 1976. 

17. Ramakers, G. M. J.; Peeters, B. W. M. M.; Vossen, J. M. H.; 



158 VELiiEK ET AL. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

Coenen, A. M. L. CNQX, a new non-NMDA receptor antago- 
nist, reduces spike wave discharges in the WAG/Rij rat model of 
absence epilepsy. Epilepsy Res. 9:127-131; 1991. 
Schoepp, D. D.; Gamble, A. Y .; Salhoff, C. R.; Johnson, B. G.; 
Ornstein, P. L. Excitatory amino acid-induced convulsions in 
neonatal rats mediated by distinct receptor subtypes. Eur. J. 
Pharmacol. 182:421-427; 1990. 
Smith, S. E.; Durmuller, N.; Meldrum, B. S. The non-N-methyl- 
D-aspartate receptor antagonists, GYKI 52466 and NBQX are 
anticonvulsant in two animal models of reflex epilepsy. Eur. J. 
Pharmacol. 201:179-183; 1991. 
Sveinbjornsdottir, S.; Sander, J. W. A. S.; Upton, D.; Thomp- 
son. P. J.: Patsalos, P. N.: Hirt. D.; Emre, M.; Lowe. D.: Dun- 
can; J. S. ‘The excitatory amino acid~antagonist .D-CPP-ene (SDZ 
EAA-494) in patients with epilepsy. Epilepsy Res. 16:165-174; 1993. 
Taylor, C. P.; Vartanian, M. G. Probenecid pretreatment en- 
hances anticonvulsant action of NBQX in mice. Eur. J. Pharma- 
col. 213:151-153; 1992. 
Thurber, S.; Stafstrom, C. E.; Jensen, F.; Holmes, G. L. Effects 
of quisqualic acid in the developing rat. Epilepsia 33:42; 1992. 
Troupin, A. S.; Mendius, J. R.; Cheng, F.; Risinger, M. W. 
MK-801. In: Meldrum, B. S.; Porter, R. J., eds. New anticonvul- 
sant drugs. London: John Libbey; 1986:191-201. 
Turski, W. A.; Urbanska, E.; Dziki, M.; Parada-Turska, J.; Iko- 
nomidou, C. Excitatory amino acid antagonists protect mice 

25. 

26. 

27. 

28. 

29. 

30. 

againsts seizures induced by bicuculline. Brain Res. 5 14: 13 1- 134; 
1990. 
VeliSek, L.; Kubova, H.; Pohl, M.; Stankova, L.; Mares, P.; 
Schickerova, R. Pentylenetetrazol-induced seizures in rats: An 
ontogenetic study. Naunyn Schmiedebergs Arch. Pharmacol. 
346:588-591; 1992. 
VeliSek, L.; Kusa, R.; Kulovana, M.; Mare& P. Excitatory amino 
acid antagonists and pentylenetetrazol-induced seizures during 
ontogenesis: I. The effects of 2-amino-7-phosphonoheptanoate. 
Life Sci. 46:1349-1357; 1990. 
VeliSek, L.; Veresova, S.; Pobisova, H.; Mares, P. Excitatory 
amino acid antagonists and pentylenetetrazol-induced seizures 
during ontoaenesis: II. The effects of MK-801. Psvchonharmacol- 
ogy (Berlin)104:510-514; 1991. 

- _ 

Velf$kov& J.; VellHek, L.; Mares, P. Epileptic phenomena pro- 
duced by kainic acid in laboratory rats during ontogenesis. Phys- 
iol. Bohemoslov. 37:395-405; 1988. 
Wurpel, J. N. D.; Sperber, E. F.; Mosht, S. L. Age-dependent 
differences in the anticonvulsant effects of 2-amino-7-phos- 
phono-heptanoic acid or ketamine infusions into the substantia 
nigra of rats. Epilepsia 33:439-443; 1992. 
Yamaguchi, S.-I.; Donevan, S. D.; Rogawski, M. A. Anticonvul- 
sant activity of AMPA/kainate antagonists: Comparison of 
GYKI 52466 and NBQX in maximal electroshock and chemocon- 
vulsant seizure models. Epilepsy Res. 15:179-184; 1993. 


