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Febrile Seizures in Epileptic Chicks: 
The effects of Phenobarbital, Phenytoin and 

Valproate 
D.D. Johnson, K.D.A. Crawford and R.D. Crawford 

SUMMARY: Epileptic seizures can be evoked in chicks homozygous for the epileptic seizure gene (epi, epi) by elevating their body 
temperature using microwave diathermy. These seizures precede and differ in motor seizure pattern from a second clonic-tonic seizure 
produced by hyperthermia in both epileptic and carrier (heterozygote, Epi, epi) chicks. Hyperthermia did not evoke seizures in adult epilep
tic chickens. Phenobarbital delayed the onset of epileptiform seizures whereas phenytoin and valproate had no effect. These data suggest 
that epileptic chicks may provide a suitable model for studies on febrile convulsions. 

RESUME: Chez des poulets homozygotes pour le gene epileptique (epi, epi) il est possible de provoquer des crises epileptiques en elevant 
la temperature corporelle a I'aide de diathermie aux ondes courtes. Ces crises precedent et different du patron de crises motrices suivant la 
crise tonicoclonique produite par l'hyperthermie chez le poulet epileptique ou porteur (heterozygote; Epi, epi). L'hyperthermie ne provoque 
pas de crises chez les poulets epileptiques adultes. Le debut de ces crises epileptiques est retarde par le Phenobarbital, alors que le phenytoin 
et le Valproate n'ont aucun effet. Ces resultats indiquent que les poulets epileptiques pourraient servir de modele pour l'etude des convul
sions febriles. Can. J. Neurol. Sci. J983; 10:96-99 

The incidence of febrile seizures in the general population 
is reported to be between 2-5 per 100 children (Van den 
Berg and Yerushalmy, 1969; Ross, 1973; Tsuboi, 1977). 
Several studies have suggested a genetic determinant for 
susceptibility to febrile convulsions (Ounsted, 1971; 
Lennox-Buchthal, 1971). In humans, as well as experimen
tal animals (Millichap, 1959), the susceptibility to febrile sei
zures is an age dependent transient phenomenon, presum
ably as a result of brain immaturity. Therapeutic trials in 
humans have indicated that phenobarbital (Faero et al., 
1972) and valproic acid (Cavazzuti, 1975) but not pheny
toin (Melchior et al., 1971) can be used effectively in the 
prophylaxis against febrile seizures. 

Although febrile convulsions have been studied in normal 
experimental laboratory animals (Millichap, 1965; Julien 
and Fowler, 1977; Kasting et al., 1981) existing genetic 
models of epilepsy in animals do not appear to have been 
evaluated as potential experimental models of febrile 
seizures for either pharmacological studies or for in
vestigating mechanisms by which hyperthemia precipitates 
convulsions. The high seizure susceptibility in epileptic fowl 
is the result of an autosomal recessive mutation (Crawford, 
1970). Spontaneous seizures are evident at hatching and 
continue to occur throughout the bird's life span. Seizures 
can be evoked in homozygotes (epileptics) by stroboscopic 
stimulation whereas heterozygotes are unaffected (Crichlow 
and Crawford, 1974). Epileptic chickens also have grossly 
abnormal inter-ictal EEG activity (Crichlow and Crawford, 
1974). Seizures elicited in epileptics by stroboscopic 
stimulation can be abolished or reduced in severity by 

phenobarbital, phenytoin, valproic acid, trimethadione and 
the benzodiazepines but are unaffected by ethosuximide 
(Johnson et al., 1979). 

The value of any model of human pathology is dependent 
on how closely the syndrome in the model parallels that in 
humans. Thus, an appropriate model of febrile seizures 
should have a high seizure susceptibility in response to 
hyperthermia, susceptibility should be age dependent, and it 
should be sensitive to those anticonvulsant agents known to 
be effective in preventing febrile seizures in humans. In 
order to evaluate epileptic fowl as an experimental model of 
febrile convulsions, experiments were conducted to deter
mine if epileptic chicks had a higher seizure susceptibility in 
response to hyperthermia than their non-epileptic 
heterozygote hatchmates and whether the susceptibility to 
febrile seizures was age dependent. Since febrile seizures in 
children can be prevented by prophylactic treatment with 
phenobarbital or valproic acid but not by phenytoin the ef
fect of these drugs on seizures evoked by hyperthermia in 
chicks was also determined. 

METHODS 
The 2-5 day old chicks and adult chickens used in this 

study were derived from the epilepsy mutant population 
maintained in our laboratories by mating homozygous 
recessive affected birds (epi epi) with heterozygous normal 
birds (Epi epi). The phenotype of the offspring was deter
mined by exposure to intermittent photic stimulation (IPS). 
Homozygotes (epileptics) convulse in response to IPS 
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whereas heterozygotes (carriers) are unaffected (Crichlow 
and Crawford, 1974). 

Hyperthermia was induced in 2-5 day-old chicks by 
means of a microwave diathermy generator (The 
Microtherm (R), Model MW-1, The Burdick Corporation, 
Milton, Wisconsin) according to methods described 
previously (Millichap, 1965). The dose of radio-frequency 
energy was maintained at 80% of the maximal output of the 
generator (Julien and Fowler, 1977). The director was 
maintained at a constant distance from the chick which was 
confined in a glass cylinder with a diameter of 4 inches. 
Body temperature was not measured in these studies. It has 
previously been reported that, for any given energy setting 
on the diathermy apparatus, the threshold convulsive 
temperature was independent of the intensity and duration 
of the heating stimulus (Millichap, 1965). The experiments 
were performed by placing each chick in the glass cylinder, 
starting the diathermy apparatus and recording the time to 
onset (latency) of the seizure. In the initial experiments the 
time to onset of seizures was compared in epileptic (n= 14) 
and carrier (n= 12) chicks. 

In studies where drugs were administered, only epileptic 
chicks were used. All drugs were administered in-
traperitoneally. Phenobarbital and valproate were dissolved 
in distilled water. Phenytoin was dissolved in propylene 
glycol (40%), alcohol (10%) and water for injection (50%). 
In all cases chicks in the control groups received an 
equivalent volume, on a weight basis, of the solvent. The 
doses and time intervals were selected on the basis of 
previous studies on the ability of these drugs to prevent 
seizures in response to IPS (Johnson et al., 1979). Six chicks 
were used in each of the control and treated groups in ex
periments with phenobarbital. All other control and treated 
groups contained 10 chicks. 

Five adult chickens were placed in a bell jar with the 
diathermy generator placed 3 inches from the head of the 
chicken. The dose of radiofrequency energy was maintained 
at 80% of maximal output. 

The statistical significance of differences in the means 
(i.e., time to seizure) was determined by Student's t-test. 

RESULTS 
When epileptic chicks were exposed to microwave 

diathermy to produce hyperthermia two types of motor 
seizure patterns were observed. The first type resembled 
that elicited in epileptic fowl by stroboscopic stimulation 
(Crichlow and Crawford, 1974). It consisted of upward and 
backward extension of the head and neck followed by 
violent uncoordinated movements of the wings and legs. 
Epileptic chicks recovered from this seizure even though the 
diathermy was continued. In some chicks this pattern was 
repeated up to three times. In all epileptic chicks a second 
seizure type was observed when the diathermy was con
tinued. The motor pattern observed in this type was iden
tical to that produced by hyperthermia in carrier chicks. 
The onset was preceded by a brief quiescent period followed 
by symmetrical clonic movements of the legs and wings at 
which time the chick flipped on to its back. The brief period 
of clonus (<30 seconds) was followed by rigid tonic exten
sion of the legs. Figure 1 illustrates the time required to elicit 
these seizure types (i.e. latency) in 2-day-old carrier and 
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Figure 1 — Seizure latency in three-day-old carrier (heterozygotes) and 
epileptic (homozygotes) chicks exposed to microwave diathermy il
lustrating the high seizure susceptibility of epileptics when subjected 
to hyperthermia. Hyperthermia in epileptics evoked an epileptiform 
seizure (1st seizure) and subsequently a clonic-tonic seizure (2nd 
seizure). The latency was significantly shorter (P<0.05) for both 
seizure types when compared to carriers (n=12 for carriers, 14 for 
epileptics). 
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Figure 2 — The effects of phenobarbital, phenytoin and valproate on the 
time to onset of epileptiform seizures in two-day-old epileptic chicks. 
Phenobarbital (P<0.05), but not phenytoin or valproate, produced a 
significant increase in the latency of epileptiform seizures when 
compared to non-treated epileptic chicks (controls). (n = 6, group in 
phenobarbital experiments, n= 10, group in phenytoin and valproate 
experiments). 
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epileptic chicks at 80% of the maximum output from the 
diathermy apparatus. Using this procedure, the first seizure 
occurred in epileptics at 83±11 (SE) seconds (n= 14). The 
mean times of onset of the second seizure type were 
238±26 seconds (n= 14) in epileptics and 337± 18 seconds 
in carriers (n= 12). The difference in time of onset between 
epileptics and carriers for the second seizure type was 
statistically significant (P<0.001) indicating a higher 
seizure susceptibility for the latter type of seizure in the 
epileptics. 

The effects of phenobarbital, phenytoin and valproate on 
the time of onset of seizures in epileptic chicks are shown in 
Fig. 2. In two-day-old epileptics exposed to diathermy, 
phenobarbital at doses of 10 and 20 mg/kg (i.p.) produced a 
significant delay in the onset of seizures (first seizure type) 
(n=6). Phenytoin (12.5 and 20 mg/kg i.p.) had no signifi
cant effect on the time of onset of seizures (Fig. 2) (n= 10). 
It was not possible to increase the dose of phenytoin 
because of obvious neurotoxicity at higher doses. As has 
been reported for phenytoin in adult epileptic chickens 
(Davis et al., 1978), phenytoin in doses of 30 mg/kg 
produced early stages of the motor seizure pattern in many 
chicks and typical epileptiform seizures in others suggesting 
that high phenytoin concentrations activate the seizure 
process. Although valproic acid (120 and 240 mg/kg) ap
peared to produce some increase in the time to onset of 
epileptiform seizure activity (Fig. 2) the increase was not 
statistically significant. 

Exposure of five adult epileptic chickens to microwave 
diathermy did not result in seizure activity even though the 
diathermy was continued until the birds became moribund . 
due to the hyperthermia. 

DISCUSSION 
The results presented here indicate that hyperthermia will 

activate the seizure process in chicks with an inherited high 
seizure susceptibility due to an autosomal recessive muta
tion. The initial seizure pattern evoked by microwave 
diathermy resembled the spontaneous seizures occurring in 
these chicks (Crawford, 1970) and those evoked by 
stroboscopic stimulation (Crichlow and Crawford, 1974). 
The second seizure type evoked by diathermy, consisting of 
rapid symmetrical clonus of the wings and legs and ter
minating in rigid extension of the legs was identical in 
epileptic and carrier chicks and was similar to that reported 
in rodents subjected to the same procedure (Millichap, 
1959). However, it is noteworthy that the time to onset of 
the latter seizure type was significantly shorter in the epilep
tic chicks. Both observations are consistent with the high 
seizure susceptibility in this mutant. The precipitation of 
these seizures by hyperthermia in young chicks but not in 
adult chickens is consistent with this fact that febrile 
seizures in humans are only observed in young children. 

The mode of activation of the epileptic process in febrile 
illness in children is not known. It has been suggested that 
fever alone may be capable of precipitating seizures in the 
normal immature nervous system, that hyperthermia may 
activate an epileptogenic focus which is otherwise quiescent, 
or that fever may precipitate convulsions in a child with a 
hereditary predisposition (Schmidt et al., 1956). The present 
data and previous reports suggest that all of the above pos

sibilities may apply in the immature brain but not in the 
mature brain since hyperthermia did not precipitate seizures 
in adult epileptic chickens. Seizures can be produced by 
hyperthermia in young normal rodents and cats but seizure 
susceptibility decreases with increasing age (Millichap, 
1959). In adult monkeys with experimental epileptogenic 
foci produced by injection of alumina gel into the sensory 
motor cortex seizures could not be precipitated by 
hyperthermia (Schmidt et al., 1956). The higher seizure 
susceptibility in response to hyperthermia in young chicks 
and rodents is possibly due to delayed development of in
hibitory pathways in the brain. From the present data it 
cannot be precisely determined whether hyperthermia ac
tivates a specific focus of epileptogenic activity in the epilep
tic chick brains or if the seizure activity is generalized from 
the onset. However, the similar motor pattern exhibited in 
both the initial febrile seizures and that observed when the 
chicks are exposed to stroboscopic stimulation (Crichlow 
and Crawford, 1974) suggest that the same seizure inducing 
mechanism is activated. The differences in the motor seizure 
pattern between the initial epileptiform seizure and the ter
minal clonic-tonic seizures also suggest that the former are 
epileptic seizures precipitated by hyperthermia. The obser
vation that the terminal clonic-tonic seizure occurred earlier 
in the epileptics suggests that seizures may occur at lower 
body temperature in cases where there is a hereditary 
predisposition to convulse. 

In children with histories of repeated febrile convulsions 
long-term prophylaxis can be achieved with daily phenobar
bital administration (Faero et al., 1972). An appropriate 
animal model of the syndrome in children should therefore 
be sensitive to the anticonvulsant effect of phenobarbital. In. 
the present study phenobarbital, in doses of 15 and 20 
mg/kg, delayed the onset of epileptiform seizures evoked in 
epileptic chicks by microwave diathermy. These doses of 
phenobarbital did not produce overt signs of sedation and 
had no apparent effect on spontaneous motor activity. The 
doses selected were those that provide protection against in
duction of seizures in adult epileptic fowl by photic stimula
tion (Johnson et al., 1977). In adults these doses were also 
without toxic effects. 

In previous studies identical methodology has been used 
to study the effects of phenobarbital, phenytoin and 
valproic acid on febrile seizures in mice (Millichap, 1965; 
Julien and Fowler, 1977). In the initial study phenobarbital 
exhibited limited effectiveness at doses of 100 mg/kg but its 
protective index was less than one (Millichap, 1965). A se
cond study found phenobarbital to significantly increase the 
time to onset of febrile convulsions only at a dose (400 
mg/kg) resulting in deep sedation and loss of the righting 
reflex (Julien and Fowler, 1977). Thus, normal mice do not 
appear to provide a suitable pharmacological model of 
febrile seizures. Phenytoin was inactive against febrile 
seizures in mice (Millichap, 1965) and this is in agreement 
with its failure to provide prophylaxis against febrile 
seizures in children (Melchior et al., 1971). Although 
valproic acid has been reported to be effective in reducing 
the incidence of febrile seizures in children (Cavazzuti, 
1975) it was found to be ineffective in mice (Julien and 
Fowler, 1977). The results with valproate in epileptic chicks 
agree with the previous experimental findings. 
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The observations that epileptic chicks show an age-
dependent high seizure susceptibility in response to 
hyperthermia and a delay in onset of febrile seizures follow
ing treatment with phenobarbital and not with phenytoin in
dicate a degree of parallelism between the syndrome in the 
model and that observed in susceptible children. The model 
differs from the syndrome seen clinically in that the epileptic 
chicks have a preexisting EEG abnormality and spon
taneous seizures occur throughout their life. In addition, the 
febrile seizures were not affected by valproate. Neverthe
less, the present data indicate that epileptic chicks may pro
vide a valuable model for the study of mechanisms by 
which hyperthermia precipitates seizures and for studies on 
the pharmacology of febrile seizures. 
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