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THE EFFECTS OF A TOXIN ISOLATED FROM
AUSTRALIAN TIGER SNAKE (Notechis scutatus scutatus)
VENOM ON AUTONOMIC NEUROMUSCULAR TRANSMISSION

J.B. HARRIS & M.A. ZAR
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Newcastle upon Tyne NE1 7RU

1 The effects on mammalian autonomic neuromuscular transmission of a purified toxin from
the crude venom of the Australian tiger snake, Notechis scutatus scutatus, have been investigated.
2 The toxin had no measurable effect on transmission in either the rat anococcygeus, the rat
vas deferens, or the longitudinal muscle of the guinea-pig ileum.

3 The toxin induced a contraction of longitudinal smooth muscle of the ileum. The tissue relaxed
in spite of the continued presence of the toxin, and remained insensitive to further doses. The
contractile response was not mediated by either cholinergic or histaminergic mechanisms.

4 The toxin caused an inhibition of the response to field stimulation of the guinea-pig vas deferens
and the guinea-pig seminal vesicle. The inhibition was spontaneously reversible, and the prep-
arations remained insensitive to further doses of the toxin. The effects of the toxin were not
mediated by either prostaglandins or by noradrenaline.

5 The inhibitory effects of a variety of compounds known to act at presynaptic sites were also
blocked by exposure to the toxin; inhibition caused by postsynaptic activity was unaffected by
the toxin.

6 It is suggested that the toxin inhibits transmission in the guinea-pig vas deferens and seminal

vesicle by a presynaptic mechanism.

7 The possibility that the mechanism involves phospholipase A, activity is discussed.

Introduction

Notexin, a toxin isolated from the crude venom of
the Australian tiger snake, is one of the most com-
pletely characterized snake toxins so far studied. It
is a basic protein, of 119 amino acids in a single chain,
cross-linked by 7 disulphide bridges. The amino acid
sequence is known, and some of its biochemical
properties have been documented (Karlsson, Eaker
& Ryden, 1972; Halpert & Eaker, 1975; Halpert,
Eaker & Karlsson, 1976).

The toxin was originally classified as a presynapti-
cally active neurotoxin on account of its activity at
the mammalian skeletal neuromuscular junction
(Harris, Karlsson & Thesleff, 1973; Cull-Candy, Fohl-
man, Gustavsson, Liillman-Rauch & Thesleff, 1976),
although it is now clear that it is also one of the
most potent myotoxins known (Harris, Johnson &
Karlsson, 1975; Pluskal, Harris, Pennington & Eaker,
1978).

In this paper we describe our observations on the
effects of the toxin on autonomic neuromuscular
transmission.

Methods

All experiments were performed on isolated prep-
arations obtained from male guinea-pigs and rats.
The animals were killed by concussion and exsan-
guination. The isolated preparations were carefully
cleaned in a dish containing a bathing fluid of the
following composition (mm): NaCl 112.90, KCl 4.69,
CaCl, 252, MgSO,7H,0 1.5 KH,PO, 1.8,
NaHCOj; 250 and glucose 22.2. The cleaned prep-

~ arations were mounted in a 10 ml organ bath contain-

ing the bathing fluid maintained at 37°C and equili-
brated with 959, O, and 5% CO,. The preparations
were allowed to equilibrate in the bathing fluid for
approximately 95 min before being exposed to any
drug. The muscular contractions (and relaxations) were
monitored continuously with isometric strain-gauges,
and were recorded on a pen-recorder (Bryan Southern
Instruments). Electrical stimulation, when required,
was delivered through two parallel, vertical built-in
platinum electrodes in the organ bath. The electrodes
were connected to a stimulator (Bell & Stein, 1971)
which is designed to deliver up to 30V at 800 mA.
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Preparations
The following preparations were used:

Guinea-pig vas deferens. The method of isolating,
desheathing and mounting the guinea-pig isolated vas
deferens preparation was as described by Ambache
& Zar (1971). A resting tension of approximately 0.5
g was maintained throughout the experiment. The
parameters of electrical field stimulation used were:
trains of 5 pulses at 10 Hz repeated every 60 seconds.
Pulse duration was routinely 1 ms delivered at supra-
maximal voltage.

Plexus-containing longitudinal muscle of guinea-pig
ileum. Large guinea-pigs weighing over 400 g were
used. The preparations were made from any part of
the ileum excluding the terminal 20 cm portion, in
the manner described by Paton & Zar (1968). A rest-
ing tension of approximately 0.3 g was applied to
the preparation. The parameters of electrical field
stimulation used were: single pulses of 0.2 ms
duration delivered at a supramaximal voltage every
20 seconds.

Guinea-pig bladder. An isolated preparation of the
guinea-pig detrusor muscle was prepared and set up
as described by Ambache & Zar (1970b). The prep-
aration was maintained at a resting tension of 0.5
gram. The parameters of electrical field stimulation
used were: trains of 5 pulses at 10 Hz repeated every
60 seconds. Pulse duration was 0.2 ms at supramaxi-
mal voltage.

Guinea-pig seminal vesicle. Segments of seminal
vesicle 5 to 6 cm in length were prepared and set
up at a resting tension of approximately 0.5 gram.
The parameters of electrical field stimulation used
were as described for the guinea-pig vas deferens
preparation.

Rat vas deferens. The removal, preparation, mount-
ing and stimulation of the preparation was as de-
scribed for the guinea-pig vas deferens preparation.

Rat anococcygeus. The rat anococcygeus prep-
aration was made as described by Gillespie (1972).
The parameters of electrical stimulation used were as
described for the guinea-pig vas deferens. The prep-
aration is normally in a fully relaxed state in the
organ bath, and each train of electrical pulses evokes
a neurogenic motor response. A neurogenic inhibitory
response can be obtained provided that (a) motor
transmission is paralysed and (b) the tone of smooth
muscle is raised. In our investigation both of these
conditions were fulfilled by immersing the prep-

aration in clonidine (3 x 10~ M). Clonidine initiates
a rise in tension by stimulating postsynaptic adreno-
ceptors, and blocks motor transmission by inhibiting
the release of noradrenaline (Idowu & Zar, 1976).

Reserpine treatment of guinea-pigs

The guinea-pigs received two injections of a freshly
prepared reserpine phosphate solution. The dose
schedule was 10 mg/kg subcutaneously on day 1 and
10 mg/kg intraperitoneally on day 2. The animals
were killed on day 3.

Drugs

The following drugs were used: acetylcholine chloride
(BDH); (+)-amphetamine (Mawson & Proctor);
atropine sulphate (Sigma); clonidine hydrochloride
(Boehringer-Ingelheim); histamine acid phosphate
(BDH); indomethacin (Sigma); isoprenaline sulphate
(Burroughs-Wellcome); mepyramine maleate (May &
Baker); (—)-noradrenaline bitartrate (Koch-Light);
phentolamine methanesulphonate (Ciba); (%)-pro-
pranolol hydrochloride (Sigma); prostaglandin E,
(Upjohn) and tyramine hydrochloride (Sigma).

Toxins

The toxins were obtained from D. Eaker, Institute
of Biochemistry, University of Uppsala. They are
defined as follows:

Notexin. A basic protein of 119 amino acids with
a formula weight of 13,574.

Notexin/p-bromophenacyl bromide. Histidine at pos-
ition 48 of notexin is specifically modified by incuba-
tion with p-bromophenacyl bromide at 30°C in an
appropriate medium. The modified compound (PBP-
notexin) has been prepared and characterized by Hal-
pert et al. (1976).

Naja nigricollis phospholipase A,. A basic protein
homologous with notexin. It has higher catalytic ac-
tivity against ovolecithin than notexin in the absence
of deoxycholate. In the presence of deoxycholate,
notexin has higher activity. The compound has been
characterized by Obidairo, Tampitag & Eaker (Eaker,
personal communication).

Other chemicals

All other chemicals used were obtained from the
usual commercial sources. They were routinely of the
highest grade available.
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Figure 1 An isolated, innervated longitudinal
muscle strip from guinea-pig ileum in which twitch-
like responses were generated every 20 s following
field stimulation (single pulses, 0.2 ms duration,
supramaximal intensity). Notexin, (5.0 ug/ml) was
added as indicated. Note the mechanical response
induced by the first dose of notexin, the lack of
response to the second dose of notexin, and the
relatively slight effect on the electrically induced re-
sponse. The interval between the two panels rep-
resents a time period of 120 min during which the
preparation was repeatedly washed in fresh Krebs-
Henseleit solution.

Results
Effects on cholinergic transmission

The motor response of the longitudinal muscle of the
guinea-pig ileum. Experiments were conducted on
five plexus-containing preparations of longitudinal
muscle of the guinea-pig ileum. In the longitudinal
muscle strips, notexin, (5 pg/ml) caused a contraction
of the muscle. The contraction was not maintained,
and the muscle relaxed in spite of the continued pres-
ence of the toxin. The muscle was insensitive to
further doses of toxin, and remained so even after
washing the preparation for more than 2 h in normal
bathing fluid (Figure 1). This ‘desensitization’ was
apparently specific for the toxin, since exposure to
the toxin had no effect on the amplitude of the con-
tractions caused either by histamine (1072 to 1077
M) or by acetylcholine (108 to 10~7 M).

The contraction elicited by notexin was not
blocked by atropine (10~ ¢ m), thus excluding the pos-
sibility that the effect of the toxin is mediated by
either a direct or an indirect cholinomimetic mechan-
ism. Mepyramine (107® M) was similarly ineffective
in blocking the contraction (Figure 2). This latter
observation is of particular interest since notexin is
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Figure 2 An isolated, innervated longitudinal muscle
strip from guinea-pig ileum stimulated as in Figure
1. At ACh, acetyicholine, (1077 M) and at Hist, his-
tamine (3 x 1077 M) were added. Contact time was
held to 1 min, stimulation being suspended during
this time. The preparatlon was then exposed to
mepyramine, (1076 m). Thirty min later, the control
dose of histamine was added to the bath, followed
by notexin, (5.0 pg/ml) and acetylcholine as indi-
cated. Note that the mechanical response to notexin
is unaffected by the presence of mepyramine, and
that exposure to notexin has no effect on the sensi-
tivity of the preparation to acetylcholine.

capable of degranulating mast cells (see Pluskal et
al., 1978).

Neurogenic ‘twitch-like’ responses of the longitudi-
nal muscle, elicited by field stimulation were unaffec-
ted by notexin, (5 pg/ml) (Figure 1). The electrically-
induced ‘twitch-like’ responses were inhibited by nor-
adrenaline (1-3 x 107® M); the inhibitory effect of
noradrenaline was also unaltered by notexin.

Effects on non-cholinergic transmission

Motor transmission in the rat anococcygeus. Field
stimulation of the rat isolated anococcygeus muscle
with trains of 5 pulses at 10 Hz induced a reproduc-
ible ‘twitch-like’ response of approximately 2 g ten-
sion. The response has been shown by Gillespie (1972)
to be due to the stimulation of post-ganglionic,
adrenergic neurones. Notexin (5 pg/ml) had no effect
on the ‘twitch-like’ response of the muscle. Similarly,
contractions elicited by the application of noradrena-
line (10”7 to 10~ M) were unaltered in the presence
of notexin.

The motor response of the guinea-pig vas deferens.
Field stimulation (5 pulses at 10 Hz repeated every
60 s) was used to generate ‘twitch-like’ responses in
the longitudinal muscle of the guinea-pig vas deferens.
There is evidence to believe that these responses are
due to the stimulation of post-ganglionic non-
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Figure 3 A typical response of a guinea-pig vas
deferens preparation to notexin. The twitch-like re-
sponses were generated by field stimulation with
trains of 5 pulses (pulse duration 1.0 ms, frequency
10 Hz, supramaximal intensity). Notexin, (5.0
ug/ml) was added as indicated. Note the rapid onset
of action, reversibility of the effect in spite of the
continued presence of the toxin, and the apparent
desensitization of the preparation towards notexin.

adrenergic, non-cholinergic neurones (Ambache &
Zar, 1971). The introduction of notexin (5 pg/ml)
resulted in a very rapid inhibition of the response.
The inhibition was maximal by 5 to 15 min after
administration of the toxin. In 9 preparations, pre-
viously unexposed to any other drug, the mean maxi-
mal inhibition was 84 + 7% (mean + s.e.mean), the
range being 44% to 100%. A characteristic feature of
the response was that in spite of the continued pres-
ence of the toxin the inhibition began to decline after
about 20 minutes. The restored responses were some-
times larger but more often slightly smaller than the
responses preceding exposure to the toxin. A typical
response is shown in Figure 3. After recovery, the
addition of further doses of the toxin was without
effect. Even prolonged washing in normal bathing
fluid failed to restore the sensitivity of preparations
to notexin.

In two experiments we investigated the relation-
ship between pulse-train length, and the degree of in-
hibition caused by notexin. Figure 4a illustrates an
experiment in which a preparation was stimulated
with pulse-trains of varying length at a fixed fre-
quency of 10 Hz. At the ‘height’ of the inhibition,
the response to 2 pulse stimulation was abolished,
the response to 5 pulse stimulation was reduced by
95% and the response to 50 pulse stimulation was
reduced by 40%;.

When stimulated at 10 Hz with very long pulse-
trains (i.e. 90 to 100 pulses) the guinea-pig vas
deferens exhibits a biphasic response (Swedin, 1971).
Figure 4b illustrates an experiment in which a prep-
aration was stimulated with trains of 90 pulses at 10
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Figure 4 The effect of pulse train length upon
the inhibitory effect of notexin in the guinea-pig
isolated vas deferens. The twitch-like responses
were generated by field stimulation with pulses of
1 ms duration, and supramaximal amplitude deli-
vered at 10 Hz. Two different experiments are illus-
trated. In (a) a preparation was stimulated with
pulse trains of 2, 5 and 50 pulses as indicated.
Notexin, (5.0 ug/ml) was then added to the bath.
At the ‘height’ of the inhibition, the response to
2 pulse stimulation was abolished, but that to 50
pulse stimulation was inhibited by only 40%. In (b)
a second preparation was stimulated with trains of
90 pulses. After the addition of notexin (5.0 ug/ml)
the early response was inhibited by 70% the later
response by only 50%.

Hz repeated every 3 minutes. The initial, rapid first
phase of the response was inhibited by 709, by
notexin; the slower second phase was inhibited by
only 50%. The inhibition of the electrically induced
motor response was not due to a non-specific inhibi-
tion of muscle excitability since contractions pro-
duced by noradrenaline (3 x 1075 m) before and at
various stages during the action of notexin were
unaltered (Figure 5).

It is well known that prostaglandms and in par-
ticular prostaglandins E; and E, inhibit motor
transmission in the guinea-pig vas deferens (Euler
& Hedqvist, 1969; Ambache & Zar, 1970a). We there-
fore considered the possibility that the phospholipase
A, activity of notexin (q.v.) could elevate the level
of precursor fatty acids, which by acting as substrates
for prostaglandin synthetase could conceivably stimu-
late the synthesis and thus release of endogenous
prostaglandins. However, such a mechanism is prob-
ably excluded by the observation that preparations
pre-incubated for up to 3 h in indomethacin
(5.6 x 10~ ¢ m) responded in a typical fashion to expo-
sure to notexin (Figure 6; cf. Figure 3).
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Figure 5 A guinea-pig vas deferens stimulated as
in Figure 3. Noradrenaline (NA) (3 x 10~ M) was
added (contact time 1 min) where indicated. Stimu-
lation was stopped during exposure to noradrena-
line. The motor response to noradrenaline is unal-
tered by notexin.

We next considered the likelihood that the effects
of notexin were mediated by either the release of
endogenous noradrenaline, or by the direct stimu-
lation of inhibitory adrenoceptors.

The first possibility was excluded in experiments
in which preparations obtained from 3 guinea-pigs
treated with reserpine were used (see Methods for
details). The effect of tyramine on these preparations
was abolished: tyramine, 10~° M normally causes a
sustained inhibition of the motor response of about
75% and in the reserpine-treated preparations the in-
hibition was < 5%, indicating that the available stores
of noradrenaline had been depleted. The response to
notexin of preparations from reserpine-treated ani-
mals was unaltered.

The second possibility, that notexin exerted its
effect by direct stimulation of inhibitory adrenocep-
tors, was excluded by the observation that the pres-
ence of propranolol, (3 x 107°M) and phentolamine
(10~ % m) together, a combination that blocked the in-
hibitory effect of both noradrenaline (2 x 10~ M) and
tyramine (10~ ° M), had no effect on the inhibition of
the motor response caused by notexin (Figure 7).

In the course of the experiments on the sympatho-
mimetic drugs, we noted that although notexin did
not appear to exert its primary action either by releas-
ing noradrenaline or by stimulating inhibitory
adrenoceptors, the inhibitory effects of dexampheta-
mine and tyramine (both indirect sympathomimetic
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Figure 6 A guinea-pig vas deferens stimulated as
in Figure 3. The preparation was exposed to indo-
methacin, (5.6 x 1078 m) for 3 h before the addition
of notexin, (5.0 pug/ml).

drugs), and of low doses of noradrenaline, were
usually partly or even completely blocked by expo-
sure to notexin. In the experiment illustrated in
Figure 8, tyramine, (10"°M) and noradrenaline,
(2 x 1076 M) were used to cause an inhibition of the
motor response by 869 and 58% respectively.
Notexin was then added to the preparation, which
responded typically. Thirty min after the recovery of
the motor response of the preparation, and in the
continued presence of the notexin, tyramine caused
a transient and smaller inhibition of 35%, and the
inhibitory response caused by noradrenaline was
blocked, allowing a potentiated response to be seen.

Altogether 6 experiments were carried out with tyr-
amine and 6 with noradrenaline. Before notexin, tyra-
mine (10 % M) caused an inhibition of the motor re-
sponse by 73 + 4%, (mean + s.e.mean); after notexin
the inhibition was only 28 + 3%, Similarly, norad-
renaline before notexin caused an inhibition of
46 + 49, compared with 7 1+ 49 after notexin. In
each case the change in sensitivity following exposure
to notexin was statistically significant (P < 0.05, ¢
test). In control experiments there was no significant
change in sensitivity to either of these agents over
a period in excess of 1.5 hours.

The inhibitory effects of noradrenaline are almost
certainly due to the stimulation of presynaptically
located inhibitory a-receptors. Isoprenaline also in-
hibits the motor response of the guinea-pig vas
deferens preparation, but in this case, the inhibition
is mediated by postsynaptically located inhibitory
B-adrenoceptors (Ambache & Zar, 1971). The inhibi-
tory effects of isoprenaline (2 x 107®mM) were un-
affected by exposure to notexin.

Although the effect of notexin on the response to
the sympathomimetic drugs was clear-cut and unmis-
takeable, no such unequivocal result was obtained
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Figure 7 A guinea-pig vas deferens stimulated as
in Figure 3. At T, tyramine (107% M) and at NA,
noradrenaline (2 x 107% M) were added. The drugs
remained in contact with the tissue for 3 minutes.
After obtaining control response (first two panels%
phentolamine, (1073 m) and propranolol, (3 x 10
M) were added to the reservoir of bathing flund and
remained in contact with the preparation for the rest
of the experiment; 22 min after the introduction of
phentolamine and propranolol, the control experi-
ment was repeated. Tyramine and noradrenaline
were both without effect. The response to notexin,
(5.0 pg/ml) was normal.
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when prostaglandin E, was used to inhibit the motor
transmission. An experiment with prostaglandin E,
is shown in Figure 9. Before exposure to notexin,
prostaglandin E,, (2 ng/ml) inhibited the motor re-
sponse by 90% but after exposure to notexin, this
value was reduced to 67%. A similar result was
obtained in only 4 out of 7 experiments; in the
remaining 3 experiments the effects of prostaglandin
were unchanged. In no experiment did we observe
an increase in the inhibitory effects of prostaglandin
after notexin administration. Even so, the mean inhi-
bition caused by prostaglandin in these 7 experiments
was 62 + 129, before notexin and 37 + 6% after
notexin. The difference was statistically significant
(P < 0.05, ¢ test). In control experiments, there was
no significant change in sensitivity to prostaglandins
over a period of 3 hours.

The motor response of the guinea-pig seminal vesicle.
Isolated seminal vesicle preparations were obtained
from 2 guinea-pigs. The preparations responded with
a ‘twitch-like’ contraction of approximately 2.5 g
when stimulated with trains of 5 pulses at 10 Hz
repeated every minute. Notexin, (5 pg/ml) depressed
the twitch-like response by about 50%,. The inhibition
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Figure 8 A guinea-pig vas deferens stimulated as
in Figure 3. At T, tyramine (1075 M) and at NA,
noradrenaline (2 x 1078 m) were added. The drugs
remained in contact with the tissue for 3 minutes.
After obtaining control response (first two panels)
notexin, (5.0 pg/ml) was added, and remained
present for the rest of the experiment. Thirty min
after the recovery of the electrically evoked response,
the control experiments were repeated.
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Figure 9 A guinea-pig vas deferens stimulated as
in Figure 3. At Ej, prostaglandin E;, (2 ng/ml) was
introduced. The prostaglandin was left in contact
for 4 min before the preparation was washed for
40 minutes. Notexin, (5.0 pg/ml) was added as in-
dicated; 20 min after the recovery of the responses,
and in the continued presence of notexin, prosta-
glandin E; was introduced again.

was spontaneously reversed in spite of the continued
presence of the toxin, and the preparation remained
insensitive to further doses of the toxin.

The motor response of the guinea-pig bladder. A
single preparation of a guinea-pig bladder was stimu-
lated with trains of 5 pulses every minute which pro-
duced ‘twitch-like’ responses of the muscle. Notexin
(5 pg/ml) induced an inhibition of this response of
about 12%. The inhibition was spontaneously

reversed in spite of the continued presence of the
toxin.
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Figure 10 A rat anococcygeous preparation
stimulated with trains of 5 pulses at 10 Hz every
3 minutes. Clonidine, (3 x 1078 M), was used to
reveal the inhibitory response of the tissue. Notexin,
(20 pg/ml) was added as indicated. Note the rela-
tive lack of effect of notexin on the inhibitory
transmission.

The motor response of the rat vas deferens. The
neurogenic ‘twitch-like’ response of the rat vas
deferens was obtained with field stimulation of 5
pulses at 10 Hz repeated every 60 seconds. Compared
with the activity of notexin on the guinea-pig vas
deferens, the twitch-like response of the rat vas
deferens was relatively unaffected by exposure to
notexin, a dose of 20 pg/ml inhibiting the motor re-
sponse by only 25%. However, the characteristics of
the response (rapid onset of action, gradual reversal
of the inhibition in spite of the continued presence
of the toxin, and refractoriness to further doses of
notexin) were as described for the guinea-pig vas
deferens. Contractions caused by noradrenaline,
(2.5 x 1075 M) were unaffected by notexin.

Inhibitory transmission in the rat anococcygeous. In-
hibitory responses of the rat anococcygeous (Gilles-
pie, 1972) were revealed by field stimulation (5 pulses
at 10 Hz every 3 min) in the presence of clonidine,
a compound known to act as an adrenergic neurone
blocker in this tissue (Idowu & Zar, 1976) at a con-
centration of 3 x 1078 M. Notexin, (20 pg/ml) caused
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Figure 11 Two different guinea-pig vas deferens
preparations stimulated as in Figure 3. In (a) MNaja
nigricollis phospholipase A; (5.0 pg/ml) was added
as indicated, followed by notexin (5.0 pg/ml) 30
min later. In (b) notexin (5.0 pg/ml) was added
as indicated followed by Naja nigricollis phospho-
lipase Az, (5.0 ug/ml) 31 min later.

a slight, transient rise in the resting tension of the
muscle, but had no effect on the absolute amplitude
of the inhibitory response (Figure 10).

The effects of compounds related to notexin upon the
motor responses of the guinea-pig vas deferens. Many
of the biological properties of notexin are virtually
abolished if native toxin is reacted with p-bromo-
phenacyl bromide (Halpert et al, 1976; Harris &
Johnson, 1978). The modified form of the notexin
(called PBP-notexin) was inactive (at 5.0 pg/ml) when
introduced to the guinea-pig vas deferens prep-
arations. Moreover, exposure to PBP-notexin did not
desensitize the preparation to subsequent doses of
native notexin.

The phospholipase A, of Naja nigricollis venom is
a homologue of notexin (Eaker, 1975). At a dose of
5.0 pg/ml the compound inhibited the motor response
of the guinea-pig vas deferens with qualitatively simi-
lar characteristics to those described for notexin. After
the (partial) recovery from the effect of Naja nigricollis
phospholipase A,, notexin was inactive. Prior expo-
sure to notexin, prevented a response to Naja nigri-
collis phospholipase A, (Figure 11).

Discussion

The experiments described in this paper reveal
notexin to be largely inactive at autonomic post-gang-
lionic synapses. The only positive effects of the toxin
appear to be the initiation of a contraction of the
longitudinal muscle of the guinea-pig ileum and the
inhibition of the motor response of the electrically
stimulated guinea-pig vas deferens and seminal vesicle
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preparations. The actions of notexin in all three
tissues had the common features of spontaneous
reversibility and long-lasting desensitization.

The contraction of the longitudinal muscle of the
guinea-pig ileum elicited by the toxin involved neither
a cholinergic nor a histaminergic mechanism, the re-
sponse being unaffected by the presence of either atro-
pine or mepyramine. The possibility that prosta-
glandins, bradykinin, substance P or other related
autacoids might possibly be the mediator of the con-
tractile response, has not been excluded.

The most pronounced effect of notexin was on the
motor response of the electrically stimulated guinea-
pig vas deferens. Under the conditions of the experi-
ment, the motor response is elicited by the excitation
of the motor nerves supplying the longitudinal
muscle. Notexin caused an inhibition of the motor
response, the inhibition being both rapid in onset and
spontaneously reversible in spite of the continued
presence of the toxin. Any given preparation res-
ponded only to the first exposure to the toxin. There-
after, even washing for long periods in fresh bathing
fluid failed to restore the sensitivity of the preparation
to the toxin. There would appear to be several poss-
ible mechanisms by which the inhibition of the motor

- response is effected, and we consider each possibility
in turn.

The toxin could act by inducing a generalized but
transient reduction in either the excitability or the
contractility of the smooth muscle. If this were the
case one should expect a corresponding reduction in

" the response of the tissue to other spasmogens such
as noradrenaline. In our experiments, such a genera-
lized reduction in sensitivity was not seen, and so
we reject this possibility.

Next, we consider the possibility that the toxin
specifically blocks the postsynaptic receptor activated
by the motor transmitter. On the evidence available,
it seems inherently unlikely that this is the mechanism
of action. Thus, we are unaware of any other situation
where a specific antagonist can act as a transient in-
hibitor to an agonist, the spontaneous reversal of the
antagonism being associated with the development of
tachyphylaxis specific to the antagonist itself. How-
ever, since there is no general agreement on the iden-
tity of the motor transmitter (Ambache & Zar, 1971;
Euler & Hedqvist, 1975) and since it is possible to
obtain only one response to notexin per preparation,
it is difficult to design experiments that would provide
a definitive answer to this possibility.

If we accept that the mechanism of action of
notexin cannot be adequately explained on the basis
of postsynaptic activity of any kind, it naturally fol-
lows that the inhibition is effected by a decrease in
the output of motor transmitter in response to nerve
stimulation. In this context, three possibilities come
to mind. Firstly, the toxin might activate an inhibi-

tory adrenergic mechanism by initiating the release
of endogenous noradrenaline, or by acting directly
on inhibitory a-adrenoceptors situated on the motor
nerve terminal (evidence for the existence of
such receptors is well documented by Ambache &
Zar, 1971, and by Euler & Hedqvist, 1975, for
example). Our experimental evidence is completely
against either of these mechanisms. Thus, in one series
of experiments we demonstrated that preparations
removed from reserpine-treated animals (in which the
depletion of noradrenaline was confirmed by the use
of tyramine) remained normally sensitive to notexin,
clearly excluding the ‘indirect adrenergic’ mechanism
of action. In another series of experiments, we showed
that even in the presence of doses of a- and f-adreno-
ceptor blocking agents sufficient to abolish the inhibi-
tory response of the preparation to noradrenaline, the
potency of notexin was unimpaired. Another possibi-
lity is that the presynaptic activity of notexin might
be mediated by prostaglandins. Notexin is a phospho-
lipase A, (Halpert et al., 1976), and it seems reason-
able to suggest that such enzyme activity might lead
to the synthesis and release of prostaglandins (see
Flower & Blackwell, 1976, for a discussion of the role
of phospholipase activity in the normal synthesis of
prostaglandins). There is evidence for the presence of
prostaglandins in the guinea-pig vas deferens and the
inhibitory effects of prostaglandins in this tissue have
been demonstrated by Hedqvist & Euler (1972).
Moreover, the rat vas deferens preparation which is
relatively insensitive to notexin is also relatively in-
sensitive to the inhibitory effects of prostaglandins.
However, in view of the fact that pre-incubation of
the guinea-pig vas deferens for 2-3 h with a dose of
indomethacin known to block the synthesis of prosta-
glandins (Gryglewski & Vane, 1971) does not lead
to a diminution in the potency of notexin, it seems
unlikely that the effects of the toxin are mediated by
prostaglandins.

Since the actions of notexin cannot be explained
by invoking the mediation of either catecholamines
or prostaglandins, it seems probable that it acts as
a direct presynaptic inhibitor of motor transmission
in the guinea-pig vas deferens and probably in the
guinea-pig seminal vesicle. If this is the case, then
the characteristics of the action of notexin can be
explained. Thus the rapid onset of inhibition, and
the early onset of tachyphylaxis suggest that notexin
behaves as a partial agonist, first stimulating its
inhibitory ‘receptor’ and then either occupying its
binding site in an irreversible manner or causing a
true desensitization.

A curious feature of the desensitization was that
the inhibitory effects of noradrenaline, the indirectly
acting sympathomimetic drugs and, to a lesser extent
the prostaglandins were also blocked. However, it is
of interest to note that the inhibitory response to iso-



prenaline, which is known to suppress motor activity
by stimulating postsynaptic f-receptors remained un-
affected by exposure to notexin. These observations
would support our contention that the site of action
of notexin, involving both the inhibition of the motor
response, as well as the subsequent desensitization,
are presynaptic.

It is tempting to speculate that although the
various classes of inhibitory drugs acting at presynap-
tic sites (namely noradrenaline, the indirectly acting
sympathomimetics and the prostaglandins) initially
activate their own specific receptors on the nerve ter-
minal, they eventually share a common pathway that
leads to inhibition, and that notexin ultimately blocks
this final pathway.

It is pertinent to ask whether or not the phospho-
lipase A, activity of notexin is involved in its inhibi-
tory action on the guinea-pig vas deferens. Super-
ficially there is evidence to the affirmative. Thus PBP-
notexin, which is almost devoid of catalytic activity
(Halpert et al., 1976) is inactive, causing neither inhi-
bition in its own right nor modifying the response
of the tissue to a subsequent dose of notexin. Further,
Naja nigricollis phospholipase A, (Eaker, 1975) causes
a spontaneously reversible inhibition of the motor re-
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