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ACTION OF SURUGATOXIN ON
NICOTINIC RECEPTORS IN THE
SUPERIOR CERVICAL GANGLION OF THE RAT
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Surugatoxin (SGTX, 0.1-2 gM) reversibly depressed
orthodromic transmission and antagonized the
depolarizing action of carbachol on the isolated
superior cervical ganglion of the rat. The apparent
dissociation equilibrium constant against
carbachol-induced depolarization (measured in the
presence of hyoscine) was 58 and 76 nM
determined at 0.2 and 2,M respectively. SGTX
(2 giM) did not reduce the depolarizing effects of
(±)-muscarine, y-aminobutyric acid or angiotensin,
but did reduce that to 5-hydroxytryptamine.
Release of [3HI-acetylcholine following repetitive
(10 Hz) preganglionic sympathetic stimulation was
maintained in the presence of 2 giM SGTX. It is
concluded that SGTX has a high and selective
affinity for ganglionic nicotinic receptors.

Introduction Surugatoxin (SGTX) is a toxin
extracted from the Japanese ivory mollusc Babylonia
japonica, with a molecular formula C25H26N5013
Br. 7H20 (molecular weight 810.5) and molecular
structure as follows (Kosuge, Zenda & Ochiai, 1972):
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Hayashi & Yamada (1975) found SGTX to be a
potent antagonist of nicotinic agonists in the cat
superior cervical ganglion and guinea-pig ileum, with
little effect on skeletal muscle or smooth muscle
receptors, and concluded that poisoning resulted from
ganglion-block.
We have recently investigated the action of SGTX

on isolated ganglia of the rat and have confirmed its
high affinity for nicotinic receptors therein.

Methods Superior cervical ganglia were isolated
from rats anaesthetized with urethane and were
maintained in Krebs solution at ambient temperature
(27-300C) bubbled with 95% 02 and 5% CO2 mix-
ture (Brown, Brownstein & Scholfield, 1972). Depolar-
izing responses to agonists were recorded
potentiometrically by the use of surface electrodes and
a superfusion technique (Brown & Marsh, 1975).
Ganglionic aption potentials elicited by preganglionic
nerve stimulation were recorded with a triple-chamber
bath (Bowery & Tullett, 1975) and capacitor-coupled
amplification (time-constant 10 seconds). In one
experiment the triple-chamber bath was also used to
measure the release of acetylcholine by preganglionic
stimulation, as [3H]-acetylcholine (see Brown,
Halliwell, Jones & Quilliam, 1970). The ganglion
chamber was perfused for 2 h with 0.8 jiM [3H]-
choline and the subsequent release of tritium by 4 min
periods of 10 Hz preganglionic stimulation measured.
[3H]-choline was obtained from the Radiochemical
Centre, Amersham. Pure crystalline SGTX was a gift
from Professor T. Kosuge.

Results SGTX (1 gM) produced a slowly-developing
block of the response to orthodromic transmission
(Figure la). Though slower in both onset and decline,
its effect resembled that of hexamethonium in the
following respects: (i) the N-wave (synaptic potential)
was strongly depressed; and (ii) block was intensified
on raising the stimulus frequency from 1 Hz to 10 Hz.

Dose-depolarization curves for carbachol
(measured in the presence of 2.9 giM hyoscine) were
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shifted in an approximately parallel manner by SGTX
(Figure lb). Apparent dissociation constants
measured at equilibrium block for SGTX were 58 nM
(measured from the shift produced by 0.2 gM SGTX)
and 76 nM (measured at 2 gM). The apparent
dissociation constant for hexamethonium against
carbachol was 7.6 gM (at 10,M hexamethonium) and
19.7 gM at 100 gM hexamethonium. SGTX did not
depolarize the ganglion.

At a concentration of 2 gM, SGTX did not
significantly reduce the depolarizations produced by y-
aminobutyric acid (GABA, 100 1M), (±)-muscarine
(1 gM), or angiotensin (10 ,uM), but appeared to reduce
the response to 5-hydroxytryptamine (50 ,UM) by some
44% (Figure 1c).

In one test, SGTX (2 gM) did not reduce the
neurally-evoked release of tritium from a ganglion
previously labelled with [3HI-choline; in the same
experiment, release was reversibly suppressed by a
20 mM[Mg2+I, Ca2+-free solution.

Discussion The present observations confirm the
high affinity of SGTX for ganglionic nicotinic

Figure 1 (a) Effects of hexamethonium (C6)
and surugatoxin (SGTX) on the amplitude of
the ganglionic action potential in response to
supramaximal 1 Hz, 1 ms preganglionic nerve
stimulation. Ordinates, % of initial amplitude;
abscissae, time after adding and washing out the
blocking agent. (b) Depolarizations produced by
1 min applications of carbachol at 30 min intervals in
the absence and presence of surugatoxin (SGTX).
Ordinates: depolarization, expressed as % of that
produced by 100 gM carbachol in the absence of
SGTX (@). Abscissae: log molar carbachol concen-
tration. Each point is the mean of 4 control
experiments or of 3 experiments in SGTX solution
(vertical lines show standard errors). (c) Depolarizing
responses to standard concentrations of carbachol
(100 M, CCh), (±)-muscarine (M, 1 jiM), y-
aminobutyric acid (G, 1 00 ,M), angiotensin (Ang,
10 gM) and 5-hydroxytryptamine (5-HT, 50 gM) in the
presence of 2 giM SGTX, expressed as % of control
responses (means and standard errors of 4 ex-
periments).

receptors deduced by Hayashi & Yamada (1975) from
tests on the guinea-pig ileum: its apparent affinity
constant is at least two orders of magnitude greater
than that of hexamethonium. The slow decline of
ganglion block would accord with this. Slow onset is
unlikely to be due to restricted diffusion per se, since
SGTX is not a large molecule; rather, it may reflect a
buffering effect of receptor-binding on the interstitial
concentration (as with tetrodotoxin: cf. Colquhoun,
Henderson & Ritchie, 1972).

There was some suggestion of antagonism to 5-
hydroxytryptamine; though requiring further quantita-
tion, this also accords with the observation of Hayashi
& Yamada (1975) on the guinea-pig ileum. Other
ganglionic receptors for muscarine, GABA and
angiotensin appear resistant to SGTX. This, coupled
with an inability to reduce acetylcholine release,
suggests that SGTX is a fairly specific 'competitive'
nicotinic ganglion-blocking agent.
SGTX is of appreciable interest as a 'neurotoxin'

with a selective affinity for ganglionic nicotinic
receptors. Its uniqueness in this respect is emphasized
by the fact that the polypeptide snake venoms so
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effective at motor end-plates are generally quite
inactive at ganglia (Magazanik, Ivanov & Lukom-
skaya, 1974; Brown, D.A., unpublished
observations). The action of SGTX highlights the
distinction between these two types of nicotinic
receptor.
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