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Many studies indicate an involvement of cerebral norepinephrine and 5-
hydroxytryptamine (5-HT) in experimentally induced seizures in animals
(2,11,12), but a critical role for dopamine (DA) has not been emphasized.
Some evidence is available to show that DA may modify experimental
scizures. L-Dihydroxyphenylalanine (L-DOPA) reverses reserpine-induced
enhancement of audiogenic seizures (4), and apomorphine raises the maxi-
mal electroshock scizure threshold in rats (13). We have tested drugs be-
lieved to act as agonists at central DA receptors in two models of reflex
epilepsy: sound-induced (audiogenic) seizures in DBA /2 mice and photically
induced seizures in the Senegalese baboon Papio papio. In DBA/2 mice, the
relation between the time course of action of drugs against audiogenic
seizures and their effects on the cerebral metabolism of DA and 5-HT [esti-
mated by whole brain concentrations of their metabolites homovanillic acid
(HVA) and 5-hydroxyindoleacetic acid {5-HIAA)] was examined.

The drugs used were the DA agonists n-N-propylnorapomorphine (NPA)
and apomorphine, the ergot alkaloids ergocornine, bromocryptine (CB 154,
2-bromo-a-ergocryptine), ergometrine, and Iysergic acid diethylamide’
(LSD), and the 5-HT agonist quipazine [2-(1-piperazinyl)-quinoline
maleate]. These ergot alkaloids possess DA agonist properties in behavioral
and biochemical tests (3,7,8,11,14) and interact with central 5-HT receptors
(1,5). Quipazine acts directly on 5-HT receptors with only indirect effects
on DA neurons (6,15).

AUDIOGENIC SEIZURES IN DBA/2 MICE

Groups of 10 DBA/2 mice (19 to 23 days old) were subjected to audi-
tory stimulation (doorbell, 109 dB at mouse level) following intraperitoneal
injection of drugs at the doses and times shown (Fig. 1). In preliminary
experiments, the dose-response relations and ED’s (clonic phase) were de-
termined for each drug, and all gave dose-related protection against seizures
(2,3). The doses chosen were related to the EDy,'s and the order of potency
was (EDsy’s in mg/kg in parentheses): NPA (0.1) > ergocornine (1) =
apomorphine (1) > bromocryptine {5) > LSD (9) == ergometrine (10)
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AG. 1. Effects of | —In-N-propylorapomorphine [NPA}, apemorphine, erget alkaloids, and quipaxine on
audiogenic seizure responsa (S.R.) and whale brain concenlcations of dopemine (DA] and hamevanillic
acid {HVA) in 19-23-doy-old DBA/2 mice. S.R. A right-hand axis, upper part of each diagram, graded
as follaws: © = no response; 1 = wild running; 2 = clonus; 3 = hindlimb tonus. Each point represents
the meon maximum S.R. for 10 animals. Significant differences (p < 0.05} from contrel (Fisher's exact
probability test} ore denoted: x, incidence aof tonic phase different from contral; xx, incidence of clonic
phase different from control. Biochemical meosurements: @ DA; ] HYA, lefi-hand axis, lower part of each
diagram. Results are expressed as %, of estimations in concurrent contrel onimals treated with vehicle and
exposed ta guditory stimulation. Each point represents the meon of 5 determinations. Significant differences
from control {Student's i-test] are denoted: x p < 0.05; xx p < 0.01. Time in hours on the lower axis.

= quipazine (50). Maximum seizure response for each mouse was recorded
(see Fig. 1 legend). Mice were killed by decapitation after 60 sec of stimula-
tion or during tonic extension. Estimations of whole brain concentrations of
DA, 5-HT, HVA, and 5-HIAA were made as previously described (10).

The time course of changes in seizure susceptibility and DA metabolism
is shown in Fig. 1. NPA reduced seizure response and cerebral concentra-

tions of DA and HVA. Apomorphine (1 mg/kg) had a transient protective
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effect against seizures and reduced HVA whereas DA rose briefly. More
profound and longer lasting effects occurred following 10 mg/kg. Ergocornine
and bromocryptine reduced seizure response for 2 to 3 hr and induced pro-
found decreases in HVA with Litle change in DA, LSD also reduced
seizure response and HVA for 3 hr, but at a high dose. Quipazine diminished
seizure response and HVA with a long latency of onset. DA concentrations
were unchanged. The failure of ergometrine to influence seizure susceptibility
and its weak action on DA metabolism were unexpected in view of its previ-
ously determined ability to protect against audiogenic seizures and DA
agonist properties in behavioral tests.

PHOTICALLY INDUCED SEIZURES IN BABOONS

The experiments were performed on 11 adolescent Sencgalese baboons.
Stroboscopic stimulation (Dawe Strobotorch model 1202D, 15 to 35
flashes/sec) was applied in 5-min tests before and 0.25 to 5.5 hr, at hourly
intervals, after intravenous drug administration. Myoclonic responses were
graded: O = no response; 1 = eyelid myoclonus; 2 = myoclonus of head,
peck, and upper limbs; 3 = whole body myoclonus; 4 = myoclonus con-
tinuing after termination of stimulation; S = generalized tonic-clonic seizure.
Baboons varied in their responses, but most showed grade 2 or 3 in control
tests. The drugs used were: (=) NPA, apomorphine, ergocornine, ergo-
metrine, and bromocryptine. LSD (0.04 to 0.4 mg/kg) had already been
shown to potently diminish photically induced myoclonus in baboons (17)
so this was not repeated.

NPA and Apomorphine

Apomorphine (1 mg/kg) abolished myoclonic responses to photic stimula-
tion 15 min after administration. Control responsiveness returned after 1 to
2 hr. (=) NPA (0.05 to 0.2 mg/kg) reduced responses for up to 4 hr.

Ergot Alkaloids

Ergometrine (0.15 to 1 mg/kg) was the most effective of the three ergot
alkaloids and abolished or reduced myoclonic responses for 1 to 2 hr.
Ergocornine (0.5 to 2 mg/kg) had a Ionger time course of action, photically
induced responses being reduced or absent for up to 3 hr, but was more
toxic inducing sedation and large-amplitude slow waves on the EEG. Bromo-
cryptine (0.5 to 4 mg/kg) had a weak action against myoclonic responses,
but this had prolonged time course with responsiveness slightly reduced for
up to 6 hr following the higher doses.
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The order of potency of these drugs, based on the dose giving a consistent
reduction in myoclonic responsiveness, was: LSD == NPA > ergomeirine >
apomorphine = ergocornine > bromocryptine.

COMPARISON OF DRUG ACTIONS IN
MICE AND BABOONS

Comparing the orders of potency of drugs to reduce seizure activily in
mice and baboons, it can be seen that apomorphine and ergocornine are as
potent as each other in both models. NPA is more effective and bromocryp-
tine less effective than cither. However, both LSD and ergometrine are more
effective in reducing photically induced myoclonus than in altering audiogenic
seizure susceptibility. Obviously, different anatomical pathways are involved
in the mediation of seizure activity in each model, and the dependence in the
baboon on transmission in the visual pathway may explain the differing
potencies of the two ergot alkaloids. The ergot alkaloids differ in their abili-
ties to interact with central 5-HT neurons as assessed by their action on
cerebral concentrations of 5-HIAA in DBA/2 mice. They all reduced
cerebral 5-HIAA. Ergocornine (2 mg/kg) and bromocryptine (10 mg/kg)
had a longer-lasting and more profound effect on HVA than on 5-HIAA
(maximal decreases in 5-HIAA 46% of control after 2 hr and 73% of con-
trol after 0.5 hr, respectively). LSD (9 mg/kg) was almost equally effective
in reducing cerebral 5-HT metabolism as in reducing DA turnover, whereas
ergometrine (4 and 10 mg/kg) significantly diminished cerebral S-HIAA at
all times after administration (maxima: 4 mg/kg, 65% of control after 1 hr;
10 mg/kg, 57% of control after 0.5 hr} in contrast to its weak action on DA
metabolism.,

In neurophysiological experiments, LSD potently inhibits the firing rate of
5-HT neurons in the lateral geniculate body (9), a relay in the visual path-
way. In photosensitive baboons, the drug modifies visual evoked responses
in the lateral geniculate body, and this correlates well with the reduction in
photosensitivity (16). A similar mechanism may operate for ergometrine as
it is structurally similar to LSD. The results presented here strongly suggest
that drugs which interact with central 5-HT receptors are potent inhibitors of
reflex epilepsy in the baboon. DA agonist action is also effective as shown
by the reduction in myoclonic responses following NPA and apomorphine.
In DBA/2 mice, the potency of NPA, apomorphine, and the ergot alkaloids
to reduce audiogenic seizures is similar to their potencies in behavioral tests
of central DA function (3). Thus, DA agonist action is probably the mecha-
nism by which these drugs reduce audiogenic seizure susceptibility. This is
supported by the finding that the protective effects of ergocornine and
apomorphine are blocked by the DA antagonist haloperidol (3), and that
ergometrine which had little effect on DA metabolism was ineffective in
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reducing avdiogenic seizures. However, a central 5-HT agonist action of
ergot alkaloids in protection against audiogenic seizures cannot be excluded.

ACKNOWLEDGMENTS

We are grateful to the Wellcome Trust and the British Epilepsy Association

for financial support, and to Professor J. L. Neumeyer for generous gifts
of NPA.

REFERENCES

1. Aghajanian, G. K. (1972}: LSD and CNS transmission. Annu. Rev. Pharmacol.,
12:157-168.

2. Anlezark, G. M. (1977): The role of cercbral monoamines in reflex epilepsy.
Ph.D. thesis, University of London.

3. Anlezark, G. M., Pycock, C., and Meldrum, B. 5. (1976): FErgot alkaloids as
dopamine agonists: Comparison in two rodent models. Eur. J. Pharmacol, 37:
295-302.

4. Boggan, W. O., and Seiden, L. 5. {1971): Dopa reversal of reserpine enhancement
of audiogenic seizare susceptibility in mice. Physiol. Behav., 6:215-217.

5. Corrodi, H,, Farnebo, L.-0., Fuxe, K., and Hamberger, B, (1975): Effect of ergot
drugs on central S-hydroxytryptamine neurons: Evidence for 5-hydroxytryptamine
release or S5-hydroxytryptamine receptor stimulation. Ewr. J. Pharmacof., 30:
172-181.

6. Costall, B., and Naylor, R. J. (1975): The role of the raphé and extrapyramidal
nuclei in the stereotyped and circling responses to quipazine. J. Pharm. Pharmacol,,
27:368-371.

7. Da Prada, M., Saner, A., Burkard, W. P., Bartholini, G., and Fletscher, A. {1975):
Lysergic acid diethylamide: Evidence for stimulation of cerebral dopamine receptors.
Brain Res., 94:67-73.

8. Fuxe, K., Corredi, H., Hokfelt, T., Lidbrink, P., and Ungerstedt, U. (1974): Ergo-
cornine and 2-Br-a-ergocryptine. Evidence for prolonged dopamine receptor stimu-
lation. Med. Biol., §2:121-132.

9. Haigler, H. J., and Aghajanian, G. K. (1974): Lysergic actd diethylamide and
serotonin: A comparison of effects on serotoninergic neurons and neurons receiving
a serotoninergic ioput. J. Pharmacol. Exp. Ther., 188:688-699,

10. Horton, R. W., Anlezark, G. M., Sawaya, M. C. B, and Meldrum, B. S. (1977):
Monoamine and GABA metabolism and the anticonvulsant action of di-n-propylace-
tate and ethanolamine-O-sulphate Ewr. J. Pharmacol., 41:387-397.

11. Lehmann, A. (1970): Psychopharmacology of the response to moise, with special
reference to audiogenic seizures in mice. In: Physiological Effects of Noise, edited
by B. L. Welch and A. S. Welch, pp. 227-257. Plenum Press, New York.

12. Maynert, E. W., Marczynski, T. J., and Browning, R. A. (1975): The role of the
neurotransmitters in the epilepsies. Adv. Newrol., 13:79-147.

13. McKenzie, G. M., and Soroko, F. E. (1972): The cffects of apomerphine, (+)-
amphetamine and L-dopa on maximal electroshock convulsions—a comparative
study in the rat and mouse. J. Pharm. Pharmacol., 14:686-701.

14. Pieni, M., Pieri, L., Saner, A., Da Prada, M., and Haefely, W. (1975): A com-
parison of drug-induced rotation in rats lesioned in the medial forebrain bundle
with 5,6-dihydroxytryptamine or 6-hydroxydopamine. Arch. Int. Pharmacodyn.
Ther., 217:118--130.

15. Rodriguez, R., Rojas-Ramirez, J. A., and Drucker-Colin, R. R. (1973): Serotonin-
like actions of quipazine on the central nervous system. Eur. J. Pharmacol., 24;
164-171.



388 DOPAMINE AGONISTS AND REFLEX EPILEPSY

16.

17.

Vuillon-Cacciuttote, G., Meldrum, B. S., and Balzamo, E. (1973}: Electroretino-
gram and afferent visual transmission in the epileptic baboon, Papio papio: Effects
of drugs influencing monoaminergic systems. Epilepsia, 14:213.-221.

Walter, S., Balzamo, E., Vuillon-Caccinttolo, G., and Naguet, R. (1971): Effets
comportementaux et électrographiques du diethylamide de Tacide dlysergique

{LSD 25) sur le Papio papio photosensible. Electroencephalogr. Clin. Neurophysiol.,
30:294-305,





