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VELtSKOVA, J., L. VELtSEK, P. MARES, R. ROKYTA, AND D. MICIANIKOVA. Ethosuximide suppresses sei- 
zures and lethality reduced by picrotoxin m developing rats. PHARMACOL BIOCHEM BEHAV 44(4) 975-979, 1993.- 
The action of ethosuximide (125 or 250 mg/kg, IP) against picrotoxin-induced seizures (3-6 mg/kg, IP) was assessed in rats 
12, 18, 25, and 90 days old. In 18-day-old and older controls, picrotoxin regularly elicited clonic seizures; tonic-clonic seizures 
were induced in all age categories with high consequent mortality. Only the higher dose of ~hosuximide (250 mg/kg) increased 
the latency of clonic seizures in 18- and 25-day-old pups. Tonic-clonic seizures were delayed by ethosnximide in 12-, 18-, and 
90-day-old rats. Picrotoxin-induced lethality was suppressed only in 18- and 90-day-old rats by the 250-mg/kg dose of 
ethosuximide. In contrast, ethosuximide pretreatment increased the incidence of clonic seizures in 12-day-old rats. The results 
suggest that only high doses of ethosuximide can suppress clonic seizures, and this action is not consistent. Tonic-clonic 
seizures probably have model-specific sensitivity to ethosuximide because in previous studies ethosuximide completely sup- 
pressed pentylenetetrazol-induced tonic-clonic seizures but had no effect on kainic acid-induced tonic-clonic seizures. The 
suppression of mortality rates is probably due to nonspecific effects of high doses of ethosuximide. 

Ethosuximide Picrotoxin Seizures  Development Rat 

ETHOSUXIMIDE is a drug frequently used against human 
epileptic seizures of the absence type (6,14,24). The effect of 
ethosuximide is specific against this type of seizure in humans. 
These seizures appear in young children and often disappear 
in puberty (5). In the experiment of Farrance and Halpern 
(7), other types of seizures were either unaffected or worsened 
by ethosuximide. 

In our recent study (25), we described that ethosuximide 
has effects against both kainic acid- and pentylenetetrazol- 
induced clonic seizures, suggesting that: a) There may be a 
common part of the clonic seizure substrate (i.e., structures, 
pathways, or circuits) that is involved in the induction of sei- 
zures by both drugs; and b) this substrate can be affected by 
ethosuximide. In contrast, ethosuximide abolished only pen- 
tylenetetrazol-induced generalized tonic-clonic seizures and 
did not affect this type of seizure induced by kainic acid. This 
suggests that the suppression of tonic-clonic seizures by 

ethosuximide may be specific for pentylenetetrazol. To decide 
whether clonic seizures in general may be affected by ethosuxi- 
mide and whether the superior action of ethosuximide against 
pentylenetetrazol-induced tonic-clonic seizures is a unique fea- 
ture of ethosuximide, we used another model, picrotoxin- 
induced seizures, for the experiments. 

Picrotoxin, a blocker of chloride channels associated with 
GABAA receptors, elicits both types of seizures mentioned 
above (i.e., clonic and tonic-clonic) when administered sys- 
temically in rats (10,19,22). Picrotoxin-induced seizures result 
from suppressed GABAergic inhibition, but their clinical mo- 
tor patterns are closely similar to those seizures induced by 
both pentylenetetrazol and kainic acid. Picrotoxin-induced 
seizures may change during development (17,23,28). 

Our working hypothesis was that clinically similar or iden- 
tical seizures may share (at least partially) common substrates 
at the level of structure, pathway, or circuit. This may be 
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expressed as a similar or identical response of  the seizures to 
the antiepileptic drug therapy if the antiepileptic drug targeted 
the common substrate. Therefore, we performed the experi- 
ments with picrotoxin-induced seizures to determine the ef- 
fects of  ethosuximide in another model of  similar seizure pat- 
terns (clonic and tonic-clonic). 

In our previous study (15), we found that ethosuximide is 
only moderately active against pentylenetetrazol-induced sei- 
zures in 18-day-old rats whereas it is fully effective in adult 
rats. Therefore, we decided to study the action of  ethosuxi- 
mide during development in a picrotoxin-induced seizure 
model. 

METHOD 

The experiments were performed on 106 male Wistar al- 
bino rats 12, 18, 25, and 90 days old. Day of  birth was taken 
as zero; 90-day-old animals were considered to be adult. The 
age groups represent our standard age groups that from the 
developmental point of  view roughly correspond with the pre- 
maturely born (7 days), young child (12 days), preschool (18 
days), prepubertal (25 days), and adult (90 days) human ner- 
vous system (12). We concentrated on early stages of  develop- 
ment a) because of  exclusive appearance of  human absences 
(which respond to ethosuximide) in childhood (5) and b) be- 
cause the developing nervous system is more prone to seizures 
than the adult nervous system (18). Experimental groups were 
pretreated with ethosuximide (ESI; a gift from VEB Arznei- 
mittelwerke Dresden) in doses of  either 125 or 250 mg/kg IP 
15 min prior to administration of  picrotoxin (PX). The doses 
of PX were 4, 3, 5, and 6 mg/kg IP for rats 12, 18, 25, and 90 
days old, respectively. Both drugs were dissolved in normal 
saline. The dosage of both drugs, the delay between the ad- 
ministration of  ESI and PX, and the duration of  the observa- 
tion period (below) were based upon our previous data to get 
high incidence of seizures in all age groups (15,23,26). 

After administration of  picrotoxin, animals were placed 
into separate cages and observed for 60 min. Young rats were 
placed on an electric pad heated to 34°C. We registered the 
latency and incidence of  clonic seizures, tonic-clonic seizures, 
and mortality of  rats. The latencies to the seizure onsets were 
compared by analysis of  variance with posthoc Tukey's test 
within each age group separately (because of  different doses 
of picrotoxin). The variable was the pretreatment. Only valid 
data were included in the analysis (see Table 1 for n in each 
subgroup). Incidence of  seizures and mortality were compared 
by Fisher's exact test in each age group separately. Incidences 
are presented as numbers of rats with observed phenomenon 
of the n for each pretreatment subgroup. For those interested, 
percentual values of  incidence are presented. It should be 
noted that comparison has been always performed between 
control and pretreated groups within each age group. The 
level of  significance was set to 5°7o. 

RESULTS 

Pretreatment with 125 mg/kg ESI did not elicit any dis- 
turbances in behavior. The dose of  250 mg/kg of  ESI elicited 
ataxia in 12- and 18-day-old rats; only slight sedation was 
present in 25- and 90-day-old rats after this dose. 

In control animals, picrotoxin induced both clonic and ton- 
ic-clonic seizures. Clonic seizures consisted regularly of  chew- 
ing, head nodding, facial and forelimb clonus, and tail erec- 
tion. Animals preserved the righting reflex during the seizure. 
In 12-day-old pups, picrotoxin in the dose used was not able 
to elicit clonic seizures. In 18-day-old rats, clonic seizures were 

usually evaluated as imperfect because only unilateral clonus 
or head nodding and tail erection were present. Tonic-clonic 
seizures were consistently elicited in all age groups studied. 
They usually began with wild running. Animals lost their 
righting reflexes right before the beginning of  the tonic phase. 
The tonic phase lasted for several seconds and consisted of  
tonic flexion and/or extension of  fore- and/or hindlimbs. Fol- 
lowing the tonic phase, a long clonus (duration in minutes) 
of all four limbs appeared. These seizures were sometimes 
terminated by the death of  the animal. All 25- and 90-day-old 
rats that displayed tonic-clonic seizures died within the obser- 
vation period. In younger animals, this correlation decreased; 
80°/o of 18-day and 50°/o of 12-day-old rats died after having 
a tonic-clonic seizure. 

Pretreatment with ESI did not change the motor pattern 
of  clonic seizures and this seizure type was only inconsistently 
affected by ESI. The incidence of  clonic seizures is demon- 
strated in part A of Table 1. In contrast to controls, clonic 
seizures were registered in 12-day-old pups pretreated with 
ESI. Following the higher dose of  ESI (250 mg/kg), clonic 
seizures were detected in all 12-day-old pups. This was the 
only age-dependent effect of ESI pretreatment. In older ani- 
mals (18 and 25 days old), ESI was not able to influence 
the incidence of  clonic seizures; however, an increase in their 
latency was registered following the dose of  250 mg/kg of ESI 
(Fig. IA). In adult animals, no effects of ESI against clonic 
seizures were observed. 

After ESI pretreatment, the motor pattern of  tonic-clonic 
seizures was unchanged and ESI suppressed this seizure type 
in three age groups. The incidence of  tonic-clonic seizures, 
however, was not significantly influenced by ESI (Table 1, 
part B). A tendency to suppression of  tonic-clonic seizures 
was seen in 12-day-old and adult rats following pretreatment 
with 250 mg/kg ESI. The latency of tonic-clonic seizures in- 
creased in 12-day-old animals (125 mg/kg ESI), 18-day-old 
rats (both doses), and adult rats (250 mg/kg ESI). The latency 
of tonic-clonic seizures did not differ between controls and 
ESI-pretreated 25-day-old rats (Fig. 1B). 

The protective action of  ESI against the lethal effects of 
picrotoxin was more marked than the action against tonic- 
clonic seizures (Table 1, parts B and C). 

ESI pretreatment (250 mg/kg) significantly decreased the 
mortality in 18- and 90-day-old rats (Table 1, part C). Survival 
time (i.e., the latency to the death of  rats) was enhanced only 
in adult animals following the 250-mg/kg dose of  ESI (Fig. 
1C). A high correlation of tonic-clonic seizures and death of  
rats was preserved only in adults following ESI pretreatment 
(88.9%); in other age groups, it was decreased: in 2S-day-old 
rats to 77.8o70; in 18-day-old pups to 26.7%, and in 12-day-old 
rats to 30%. However, the correlation decrease was significant 
only in 18-day-old pups. 

DISCUSSION 

Our study demonstrates moderate effects of  high (border- 
line ataxic) doses of ethosuximide against clonic (facial and 
forelimb clonus) picrotoxin-induced seizures in 18- and 25- 
day-old animals. Tonic-clonic seizures were either suppressed 
or delayed in 12-, 18-, and 90-day-old rats. Ethosuximide de- 
creased mortality of rats or increased survival time following 
picrotoxin in 18- and 90-day-old animals. There were no age- 
specific effects of  ethosuximide except the increase of  the inci- 
dence of clonic seizures in 12-day-old rats. 

The action of ethosuximide against clonic picrotoxin- 
induced seizures correlates well with our previous results with 
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TABLE 1 

A: INCIDENCE OF CLONIC PICROTOXIN-INDUCED SEIZURES AND 
EFFECTS OF ETHOSUXIMIDE 

Age (days) 

Treatment 12 18 25 90 

Controls 0/10 9/10 10/10 9/10 
0070 90070 100070 900/0 

ESI 125 3/8 7/8 9/12 8/8 
37.5070 87.5% 75 100070 
p = 0.069 p = 0.710 p = 0.440 p = 0.556 

ESI 250 6/6* 8/8 7/8 8/8 
100070 100% 87.5070 100070 
p = 0.00013 p = 0.56 p = 0.440 p = 0.556 

B: INCIDENCE OF TONIC-CLONIC PICROTOXIN-INDUCED SEIZURES AND 
EFFECTS OF ETHOSUXIMIDE 

Age (days) 

Treatment 12 18 25 90 

Controls 8/10 10/10 10/10 9/10 
80% 100% 100% 90070 

ESI 125 7/8 7/8 11/12 5/8 
87.5% 87.5% 92.7 62.5% 
p = 0.588 p = 0.444 p = 0.545 p = 0.206 

ESI 250 3/6 8/8 7/8 4/8 
50% 100% 87.5070 500/0 
p = 0.242 p = 1.000 p = 0.440 p = 0.089 

C: MORTALITY OF DEVELOPING RATS FOLLOWING PICROTOXIN AND 
AFTER ETHOSUXIMIDE PRETREATMENT 

Age (days) 

Treatment 12 18 25 90 

Controls 4/10 8/10 10/10 9/10 
40070 80% 100%o 90% 

ESI 125 0/8 3/8 9/12 5/8 
0%0 37.5% 75 62.5% 
p = 0.069 p = 0.082 p = 0.140 p = 0.206 

ESI 250 3/6 I/8" 5/8 3/8* 
50% 12.5% 62.5% 37.5% 
p = 0.550 p = 0.0076 p = 0.069 p = 0.032 

Controls were treated only with picrotoxin. ESI 125, 150, groups pretreated with 125 or 
250 mg/kg ethosiximide, respectively. In format x /n ,  x represents animals with expressed 
phenomenon of total subgroup n. Also percentual incidence is shown, p values were computed 
using Fisher's exact text. 

*Significant difference in comparison with age-matched control group. 
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pentylenetetrazol and  kainic acid (15,25). In those as well as 
in the present  study, we found  only modera te  effects o f  etho- 
suximide. The results suggest that  clonic seizures (with pre- 
served righting reflexes) may not  be an appropr ia te  model  
o f  human  absences because sufficient levels o f  e thosuximide 
control  about  800/0 o f  absence seizures in humans  (21). In this 
study, even behaviorally toxic doses o f  e thosuximide were not  
able to control  clonic seizures completely.  The suggestion that  
clonic seizures in rodents  ( induced by any convulsant)  repre- 

sent a model  o f  human  myoclonic seizures appears  to be more  
realistic (14,16). It appears  that  the substrates (i.e., structures, 
pathways,  and circuits) participating in the genesis o f  clonic 
seizures in general are only moderately affected by ethosuxi- 
mide.  That  probably  means that  clonic seizures induced by 
different  drugs may have in common  several pathways,  struc- 
tures,  a n d / o r  receptor  system(s) that  form the seizure sub- 
strate. F rom the anatomic  point o f  view, previous studies sug- 
gested that  the clonic seizure substrate is probably localized in 
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FIG. I. Effects of ethosuxirmde against picrotoxin-induced phenomena m developing rats (Mean + SEM). (A) Latency of clonic seizures. (B) 
Latency of tonic-clonic seizures. (C) Duration of survwal time following picrotoxin administration. Abscissa, age of rats; ordinates, latencies of 
phenomena in seconds. Controls, groups treated only with picrotoxin. ESI 125, 250, groups pretreated with 125 or 250 mg/kg ethosuximide, 
respectively. X, a phenomenon was not observed, lx, a phenomenon was observed only in one animal in the subgroup. "Significant difference in 
comparison with the appropriate age-matched control group (ANOVA with posthoc Tukey's test; p < 0.05). 

the forebrain (3,11). In the case of  ethosuximide action, the 
common part of  the substrate might be represented by thala- 
mic relay neurons (4). 

An increase in the incidence of clonic seizures in 12-day-old 
pups was an interesting finding. This effect was probably 
caused by the suppression or delay of tonic-clonic seizures 
that masked the clonic seizures. Similar unmasking of clonic 
seizures when tonic-clonic seizures are blocked or delayed has 
been described following various pretreatments [e.g., NMDA 
antagonists (26,27); carbamazepine and hydroxycarbamazep- 
ine (13); and flumazenil (20)]. 

Ethosuximide was not as effective against tonic-clonic pic- 
rotoxin-induced seizures as against tonic-clonic pentylenetet- 
razol-induced seizures (25). However, the effects of ethosuxi- 
mide against picrotoxin-induced seizures were better than 
against kainic acid-induced generalized tonic-clonic seizures 
(25). The inferior action of  ethosuximide against picrotoxin- 

induced tonic-clonic seizures in comparison with the pentyl- 
enetetrazol model may be caused by the higher dosage of  pic- 
rotoxin in the present study, although the results of  our pilot 
study suggested the doses used to be equally potent in the 
seizure induction in different age groups (23). Another expla- 
nation originates from the suggested substrate responsible for 
tonic-clonic convulsions, which is believed to be located in the 
brain stem (2). Different drugs used as convulsants in this as 
well as in previous studies (15,25) may activate this hypotheti- 
cal seizure substrate by different means (i.e., pathways or 
receptor systems), each with a different sensitivity to ethosuxi- 
mide. One might speculate that, for example, tonic-clonic sei- 
zures induced by kainic acid that generalize from a limbic 
focus (1) are almost completely resistant to ethosuximide ac- 
tion, whereas tonic-clonic seizures induced by other drugs may 
use ethosuximide-sensitive substrate for generalization (25). 

The suppression of  picrotoxin-induced tonic-clonic seizures 
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by ethosuximide in 18- and 90-day-old rats was followed also 
by the suppression in mortali ty.  Al though the differences be- 
tween control  and ethosuximide-pretreated groups were not  
large, they were significant, suggesting a relation between ton- 
ic-clonic seizure and seizure-induced death. The effects o f  eth- 
osuximide against picrotoxin-induced lethality was mediated 
probably by nonspecific mechanisms induced by high doses 
o f  ethosuximide. 

In conclusion, ethosuximide inconsistently suppressed clo- 
nic seizures. In contrast ,  their incidence in 12-day-old rats was 
significantly increased after ethosuximide pretreatment.  This 
increase was probably caused by the suppression or  delay o f  
tonic-clonic seizures that masked the clonic seizures. The ac- 

tion o f  ethosuximide against tonic-clonic seizures seems to be 
seizure model  specific. The exact mechanisms of  action o f  
ethosuximide on structural a n d / o r  cellular level remains to 
be elucidated; nevertheless, several attempts have been made 
suggesting that thalamic relay neurons may form a part o f  a 
hypothetical  substrate involved in absence seizures (4,8,9). 

ACKNOWLEDGEMENTS 

This work was supported in part by American Epilepsy Society 
Research Fellowship with support from Milken Family Medical Foun- 
dation to L.V. The authors thank Dr. D.S. Garant for critical review 
and language corrections. 

R E F E R E N C E S  

1. Ben-Ari, Y. Limbic seizures and brain damage produced by kainic 
acid: mechanisms and relevance to human temporal lobe epilepsy. 
Neuroscience 14:375-403; 1985. 

2. Browning, R. A. Role of the brain-stem reticular formation in 
tonic-clonic seizures: Lesion and pharmacological studies. Fed. 
Proc. 44:2425-2431; 1985. 

3. Browning, R. A.; Nelson, D. K. Modification of electroshock 
and pentylenetetrazole seizure patterns in rats after precollicular 
transsections. Exp. Neurol. 93:546-556; 1986. 

4. Coulter, D. A.; Huguenard, J. R.; Prince, D. A. Specific petit 
real anticonvulsants reduce calcium currents in thaiamic neurons. 
Neurosci. Lett. 98:74-78; 1989. 

5. Engel, J., Jr. Seizures and epilepsy. Philadelphia, PA: F.A. 
Davis; 1989. 

6. Faingold, C. L.; Browning, R. A. Mechanisms of anticonvulsant 
drug action. II. Drugs primarily used for absence epilepsy. Eur. 
J. Pedlar. 146:8-14; 1987. 

7. Farrance, M. L.; Halpern, L. M. Ethosuximide-induced augmen- 
tation of epileptiform afterdischarge in isolated and intact cat 
cerebral cortex. Proc. West. Pharmacol. Soc. 17:98-102; 1974. 

8. Ferrendelli, J. A.; Mirski, M. A. Functional anatomy of experi- 
mental generalized seizures. In: Nistico, G.; Morselli, P. L.; 
Lloyd, K. G.; Fariello, R.G.; Engel, J., Jr., eds. Neurotransmit- 
ters, seizures and epilepsy III. New York: Raven Press; 1986; 
355-367. 

9. Fohimeister, J. F.; Adelman, W.J., Jr.; Brennan, J. J. Excitable 
channel currents and gating times in the presence of anticonvul- 
sants ethostLximide and valproate. J. Pharmacol. Exp. Ther. 230: 
75-81; 1984. 

10. Fisher, R. S. Animal models of epilepsies. Brain Res. Rev. 14: 
245-278; 1989. 

11. Gale, K. Progression and generalization of seizure discharge: An- 
atomical and neurochemicai substrates. Epilepsia 29(suppl. 2): 
S15-$34; 1988. 

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

13. Kubov~, H.; Mare~, P. Anticonvulsant action of oxcarbazepine, 
hydroxycarbamazepine and carbamazepine against metrazol- 
induced motor seizures in developing rats. Epilepsia (in press). 

14. L6scher, W.; Schmidt, D. Which animal models should be used 
in the search for new antiepileptic drugs? A proposal based on 
experimental and clinical considerations. Epilepsy Res. 2:145- 
181; 1988. 

15. Mare~, P.; Veli~ek, L. Influence of ethosuximide on metrazol- 

induced seizures during ontogenesis in rats. Activ. Nerv. Super. 
25:295-298; 1983. 

16. Mare~, P.; Zouhar, A. Do we possess adequate models of child- 
hood epilepsies? Physiol. Bohemoslov. 37:1-9; 1988. 

17. Mehta, A. K.; Ticku, M. K. Comparison of anticonvulsant effect 
of pentobarbital and phenobarbital against seizures induced by 
maximal electroshock and picrotoxin in rats. Pharmacol. Bio- 
chem. Behav. 25:1059-1065; 1986. 

18. Mosh~, S. L. Epileptogenesis and the immature brain. Epilepsia 
28(suppl.):S3-S15; 1987. 

19. Rastogi, S. K.; Ticku, M. K. Anticonvulsant profile of drugs 
which facilitate GABAergic transmission on convulsions medi- 
ated by GABAergic mechanisms. Neuropharmacolngy 25:175- 
185; 1986. 

20. Rathouzskd, J.; Kubovd, H.; Mareg, P.; Vorli~ek, J. Anticonvul- 
sant activity of flumazenil in rats during ontogenetic develop- 
ment. Pharmacol. Biochem. Behav. (in press). 

21. Sherwin, A. L. Ethosuximide: Relation of plasma concentra- 
tion to seizure control. In: Penry, J. K.; Pippenger, C. E., eds. 
Antiepileptic drugs. 2nd ed. New York: Raven Press; 1982:637- 
645. 

22. Snead, O. C., III On the sacred disease: The neurochemistry of 
epilepsy. Int. Rev. Neurobiol. 24:93-178; 1983. 

23. Sta~kov~t, L.; Mare~, P.; Zouhar, A.; Hirt[ov~, M.; Muchov~, 
K. Ontogenetic development of convulsant action of picrotoxin 
in the rat. Physiol. Bohemoslov. 37:571; 1988. 

24. Swinyard, E. A.; White, H. S.; Wolf, H. H. Mechanisms of 
anticonvulsant drugs. In: ISI atlas of science: Pharmacology. vol. 
2. 1988:95-98. 

25. Vel£~ek, L.; Kulh~inkov:t, I.; Rozto~ilov~, L.; Mare.~, P.; Velf=- 
skov~, J.; Mirvaldov~, H. Ethosuximide affects both pentylene- 
tetrazol- and kainate-induced clonic seizures but differentiates be- 
tween tonic-clonic seizures. Can. J. Physiol. Pharmacol. 67:1357- 
1361; 1989. 

26. Velf~kov~, J.; Vellgek, L.; Mare~, P.; Rokyta, R. Ketamine sup- 
presses both bicuculline- and picrotoxin-induced generalized ton- 
ic-clonic seizures during ontogenesis. Pharmacol. Biochem. Be- 
hay. 37:667-674; 1990. 

27. Veli~ek, L., Vere~ov~, S., P6bigov~, H.; Mareg, P. Excitatory 
amino acid antagonists and pentylenetetrazol-induced seizures 
during ontogenesis: II. The effects of MK-801. Psychopharmacol- 
ogy (Bed.) 104:510-514; 1991. 

28. Veruadakis, A.; Woodbury, D. M. The developing animal as a 
model. Epilepsia 10:163-178; 1969. 


