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The hyperpolarising action of dopamine on specific neurones in the isolated brain of the snail was blocked by
low doses of lysergic acid diethylamide or methyKergide. Pethidine, in higher doses, also blocked the dopamine
tesponse. Chlorpromazine, strychnine, picrotoxin, atropine, amantadine, tubocurarine, bicuculline and ergometri-

nine were ineffoctive as dopamine antagonists.
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1. INTRODUCTION

With the accumulation of evidence that dopamine
is a transmitter in the mammalian central nervous
system it has been suggested that some drugs which
affect the mammalian brain do so by an action in-
volving dopamine receptors (Ernst, 1965; Van Ros-
sam, 1966; Cools and Van Rossum, 1970).

In the brain of the snail, Helix aspersa, there are
identifiable neurones which are hyperpolarised and
inhibited by dopamine (Kerkut and Walker, 1961).
From a study of the structural requirements for
dopaminedike activity in the brain of Helix it was
concluded that the action of dopamine on these cells
is mediated via specific dopamine receptors {Wood-
ruff and Walker, 1969).

In the present communication we report the initial
results of a survey in which we have screened com-
pounds which affect the mammalian central nervous
system as potential antagonists of the Helix dopamine
receptor.
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2. METHODS

Experiments were performed on dopamine-
sensitive neurones in the right parietal ganglion of the
isolated brain of Helix aspersa. Intracellular record-
ings of action potentials were obtained using previ-
ously-described methods. Dopamine was applied
either iontophoretically, using a 1 sec ejecting pulse
(200 to 1000 nA) or by bath addition in a dose of 1
to 5 nmoles (Woodruff and Walker, 1969). The stan-
dard dose of dopamine was applied at 5 min intervals
until 3 or 4 constant responses had been obtained.
The substance under investigation as. 3 dopamine
antagonist was then added to the bath (10 ml capaci-
ty) in a volume of 1 ml and left for 5 min. The stan-
dard dosé of dopamine was then again applied. If
antagonism to dopamine had occutred, the prepara-
tion was washed several times with snail Ringer and
again tested for its response to dopamine. If no antag-
onism had occurred 15 min after the application of
0.5 umole or more of the drug under investigation,
the preparation was abandoned.

The following drugs were used; chlorpromazine



18 G.N.Woodruff et al., Dopamine-blocking action of LSD

Fig. 1. Action potentials recorded from single neurones in the isolated brain of the snail. A and B are records from 1 cell, Cand D
are from a second cell. In both neurones the action potentials were 95 mV in amplitude. Dopamine was applied iontophoretically
(500 nA) at the horizontal bar. A and C are control responses; the hyperpolarising responses produced by dopamine were 10 mV
and 8 mV respectively. In B, in the presence of chlorpromazine (0.7 umole), the dopamine response was unchanged. In D, after
the addition of Iysergic acid diethylamide (0.01 pmole), the dopamine response was completely abolished, Time calibration
10 sec.
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HCl, ‘strychnine * HCl, bicuculline HCl, picrotoxin,
D-lysergic - acid-diethylamide-D-tartrate, atropine sul-
phate, (+)-tubocurarine chloride, methysergide male-
ate;-amantadine HCI, pethidine HCL

"Bach drug was tested on at least 3 different snail
brain preparations.

3.RESULTS AND DISCUSSION

The specific dopamine-induced renal vasodilata-
tion in the dog (Goldberg et al., 1968) is blocked by
‘high doses of chlorpromazine (Brotzu, 1970). Chlor-
promazine also blocks the action of dopamine on the
crayfish stretch receptor (McGeer et al., 1961). How-
ever, chlorpromazine had no detectable dopamine-
blocking action on Helix neurones. In fig. 1 the
hyperpolarisation produced by the iontophoretic ap-
plication of dopamine was unchanged after the addi-
tion of 0.7 umole chlorpromazine. In further experi-
ments 3.0 umoles of chlorpromazine had no effect on
the dopamine response, although this amount of
chlorpromazine caused a sharp decile in the ampli-
tude of the action potentials. It has previously been
shown that haloperidol is similarly devoid of dopa-
mine-blocking activity on Helix neurones (Woodruff
et al., 1970).

The following compounds were also found to have
no effect on the responses to dopamine after the
addition of the amounts indicated; picrotoxin
(0.5 pinole), strychnine (0.5 umole), amantadine
(5.0 umoles), bicuculline (1.0 gmole), (+)-tubocura-
rine (0.5 umole), atropine (1.00 umole), ergometrinine
(0.5 pmole}.

Lysergic acid diethylamide was found to be a
powerful antagonist of the dopamine response in
Helix. In fig. 1 the hyperpolarisation produced by
dopamine was completely abolished by 0.01 umole of
LSD. The dopamine antagonism produced by LSD
(0.002 to 0.02 pmole) was usually not reversible by
washing the preparation for 30 min. Methysergide
(0.002 to 0.02 pmole) also produced a long lasting
block of the dopamine response.

Pethidine (1.0 umole) antagonised the action of
dopamine on Helix neurones; the effect of this com-
pound was readily reversed on washing.

Lysergic acid diethylamide is an antagonist of cer-
tain actions of 5-hydroxytryptamine (Gaddum,

1953). However, the action of LSD described in the
present paper is not necessarily related to its ability
to block $-HT since the neurones used in the present
study are depolarised by 5-HT, yet are hyperpolarised
by dopamine. Furthermore, although LSD (0.002 to
0.02 umole) blocks the actions of both §-HT and
dopamine on these neurones, the antagonism to 5-HT
is readily reversed by washing, whereas the dopamine
block is very long lasting.

LSD and methysergide are chemically related to
ergometrine which is also a potent dopamine antag-
onist in Helix (Walker et al., 1968). However, the
isomer ergometrinine was shown in the present study
to have no dopamine blocking activity.

A study of the actions of other lysergic acid deriv-
atives and other 5-HT antagonisis on the dopamine
response in Helix might provide more information
concerning the relationship between the receptors for
dopamine and for 5-hydroxytryptamine.

REFERENCES

Brotzu, G., 1970, Inhibition by chlorpromazine of the effects
of dopamine on the dog kidney, J. Pharm. Pharmacol. 22,
664-667. :

Cools, A.R. and J.M. Van Rossum, 1970, Caudal dopamine
and stereotype behaviour in cats, Arch. Intern. Pharma-
codyn. 187, 163-173.

Emst, A.M., 1965, Relation between the action of dopamine
and apomorphing and their O-methylated derivatives
-upon the CNS, Psychopharmacologia 7, 391-399.

Gaddum, J.H., 1953, Antagonism between lysergic acid di-
ethylamide and S-hydroxytryptamine, J. Physiol. 121,
15P.

Goldberg, LI, P.F. Sonneville and J.L. McNay, 1968, An
investigation of the structural requirements for dopa-
mine-like renal vasodilatation; phenylethylamines and
apomorphine, I. Pharmacol. Exptl. Therap. 163,
188—-197.

Ketkut, G.A. and R.J. Walker, 1961, The effect of drugs on
neurones of the smail, Helix aspersa, Comp. Biochem.
Physiol. 3, 143-160,

McGeer, E.G., P.L. McGeer and H. McLennan, 1961, The
inhibitory action of 3-hydroxytyramine, gamma-amino-
butyric acid (GABA) and some other compounds towatrds
the crayfish stretch receptor neurome, I. Neurochem. 8,
36-49.

Van Rossum, J.M., 1965, The significance of dopamine-
receptor blockade for the mechanism of action of neuro-
leptic drugs, Arch. Intern. Pharmacodyn. 160, 492-494.

Walker, R.J., G.N. Woodruff, B. Glaizner, C.B. Sedden and
G.A. Kerkut, 1958, The pharmacclogy of Helix dopamine



80 G.N.Woodruff et al., Dopamine-blocking action of LSD

receptor of specific neurones in the snail, Felix aspersa, Helix aspersa: structure-activity relationships, Intern. J.
Comp. Biochem. Physiol. 24, 455469, Neuropharmacol. 8, 279-289.

Woodruff, G.N. and R.J. Walker, 1969, The effect of dopa- Woodruff, G.N., R.J. Walker and G_A. Kerkut, 1970, Actions
mine and other compounds on the activity of neurones of of ergometrine on catecholamine receptors in the guinea

pig vas deferens and in the snail brain, Comp. Gen. Phar-
macol, 1, 5460,





