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Abstract: Calcium modulatory activity of a marine toxin has been studied
employing in uitro preparations. The toxin induced contracture in rat
diaphragm was not modified by denervalion, d-tubocurarine and
tetrodotoxin (T'I'X), In contrast, varying concentrations of calcium, EGTA
and ryanodine inhibited the contracture significantly, 'fhe toxin produced
a series of repeating contractions in vas deferens, Experiments with TTX,
adrenoceplor blockers and other agents exclude a release ofneuromediators
or direct stimulation of post synaptic receptors to account for the rhythmic
effect in vas deferens, The dependence of rhythmicity on external Ca'l·
concentration and inhibiting effect of Mn2 ., ryanodine and nifedipine
indicate a direct activation of voltage-sensitive calcium channel. The toxin
also evoked a similar pattern of response in paced atria mediated through
Ca'l< innux.
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INTRODUCTION

The marine dinofalgellate Ptychodiscus
brevis is responsible for massive mortality
of fishes along the coast of Asia-pacific and
Florida (1). The large blooms of this organ
ism known as red tide have been reported
to cause a neurotoxic syndrome in human
beings due to consumption of containinated
shellfishes (2), The aerosol generated
through maritime spray of the blooms some
times causes irritation of eyes and throat
In human beings (3).

These neurotoxins, called brevetoxins,
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are cyclic polyethers and their mode of ac
tion is activation of sodium channel (4). In
addition to brevetoxins, organophosphate
toxins resembling commercially available in
secticides and nerve gases have also been
isolated from Ptychodiscus brevis (5). The
authors have earlier reported about the
cardiovascular and respiratory toxic effects
of a synthetic acyclic thiophosphate toxin
of Ptychodiscus brevis (6-7).

The compound used ill this study is a
cyclic phosphoramidate and possesses an
ichthyotoxicity of 1 ppm(LD 100) against
Lebestes reticulatus (8). The present inves-
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tigation was designed to study the mecha
nism of toxicity of this organophosphate
toxin employing in vitro preparations.

METHODS

Male Wi star rats weighing 175-200 g
were used. The animals were kept in
polypropylene cages under a 12 hr light and
dark cycle. The rats were given food (Lipton
diet) and water ad libitum.

Drugs and Chemicals: The doses of the
various drugs were selected on the experi
mental findings and available literature (9).
The toxin was added in the tissue bath only
after obtaining a stable response of various
drugs. The drugs and toxin comprised 0.1%
of the total bath volume.

Synthesis of the test compound: The
compound was first isolated and characterized
from Ptychodiscus brevis by the method of Di
Novi et al (8). Subsequently, the toxin was
synthesized by Synthetic Chemistry Division
of the Establishment. The structure (Fig. 1)
of the toxin was confirmed by infrared OR)
spectroscopy, nuclear magnetic resonance
spectroscopy (l H NMR, 13C NMR) and
microanalysis.
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Fig. I: Structure of the loxin :
0.0 diphenyl-N- cyclooctyl phosphoramidate.
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Vas deferens: After decapitation, the vas
deferens was separated from adherent con
nective tissue and suspended in a 10 ml
organ bath containing Krebs solution. The
medium was maintained at 37°C and aer
ated with 95% 02 and 5% CO2 , The record
ing was performed by FT03 transducer
coupled to a Grass Polygraph.

Phrenic-nerve diaphragm preparation
Rats were sacrificed by cervical dislocation.
The isolated phrenic nerve-diaphragm was
prepared according to Bulbring (10).

Left atrium: The inotropic effects were
studied on electrically stimulated left atria
of rat. The hearts were removed and placed
in oxygenated Tyrode solution. The left atria
was electrically driven by rectangular pulses
with a frequency of 1 Hz, duration of 5 ms
and a supramaximal voltage of 1.5 fold
threshold delivered via silver electrodes.
The resting tension of the preparation was
maintained at 500 g and developed tension
was recorded by FT 03 transducer coupled
to 70 polygraph.

The significance of the difference be
tween the control and treated groups was
tested with Student's 't' test or an analysis
of variance CANOVA).

RESULTS

The depressive effect of the toxin (25
100 Ilg/ml) on the mechanical activity of
direct and indirect muscle twitch is shown
in Table I. The twitch amplitude evoked by
electrical stimulation of either phrenic nerve
or the diaphragm directly was decreased by
the toxin in a concentration dependent
manner. The blockade of muscle twitch was
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immediate upon addition of the toxin
accompanied by contracture. The greater
vulnerability of directly stimulated
preparation became more evident with
increasing dose of the toxin (Table I). The
toxin elicited a sustained contracture of the
rat diaphragm at concentrations ranging
from 25 j.lg to 100 j.lg/ml (Table II) which
was not modified with pretreatment of d
tubocurarine (2-5 pM), tetrodotoxin (0.2-
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0.5 pM) and dantrolene 00-5 M). In
contrast, pre-incubation with low Ca2+ (10
3 mM) Kreb's solution for 30 min, followed
by repeated washings with low Ca 2+ medium
blocked the contracture. Ringer containing
very low ca2+ medium with EGTA (l0-60
mM) inhibited the contracture in a
concentration-dependent manner (Table II)
and also attenuated the contracture evoked
by caffeine (20 mM).

TABLE I A dose response relationship for the twitch inhibitory effect of the toxin during direct and
indirect stimulaion. Result!! indicate % inhibition of predrug twitch amplitude (Means ± SE; n=6)
after IS and 30 min eXPO!!Ure to toxin.

% Inhibition

Indirect muscle twitch Direct muscle twitchDose of tOXin

(PC ml')

25

50

75

100

15 min

10.18:1: 1.06

18.46 ± 2.08

22.48:1: 2.16

28.86:1: 2.22

30 min

21.24:1: 1.42

28.66:1: 2.24

50.38:1: 4.46

64.86:1: 5.24

15 min

16.28 ± 1.12

24.22:1: 2.14

28.88:1: 3.12

38.68 :I: 5.28

30 min

32.48 ± 1.26*

52.46:1: 3.88*

68.28:1: 4.88*

94.28 ± 6.44*

*{P<0.05) aa compared between direct-indirect twitch.

TABLE 11; Inhibition by denervation, high K- and ryanodine of the toxin·induced
contracture in rat diaphragm. Values are means :I: SE (n=6).

Treatmenf Conc.(mM) Peak tension (g) Time to peok tension (Mill)

Control O.OJ 2.84 :I: 0.18 124.5:1: 3.24

Dantroline 0.05 2.62:1: 0.J6 128.6 :I: 6.32

Denervation 2.68 :I: 0.24 174.4 :I: 6.48*

DTC 0.05 2.60 :I: 0.26 182.6:1: 7.22·

TTX 0.005 2.46 :I: 0.24 188.8 ± 7.86·

EGTA 60 0.28:1: 0.01·

High K' 25 2.72 :I: om 164.2 ± 6.88·

Ryanodine 0.05 0.48 :I: 0.03·

*P<0.05 as compared with control (n=6).
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Fig. 3: Effect of P. breuis toxin on paced atria in
presence of various pharmacological agents.
Control (Toxin - 25 IIg/mll, Amiloride (Amill,
Caffeine (CaO, Disopyramide (Diso),
Hexamethonium (I'!exa), NifediJline (Nifl,
PrazosiD (Pra), Ruthenium red (Ruth) and
Ryanodine (Rya). Resulls are mean ± 5E (n=6).
·P<0.05.
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l"ig. 2 : The response of the three eomponents of vas
deferens contraction to P. brevis toxin in
presence of various pharmacological agents.
Control (Toxin-30 Ilg/mll, Prazosin (Pl,
Ryanodine (R), Nifedipine (N) and Msnganese
(Mn). Results are mean ± 5E (n = 6). ·P<O.05.

In rat vas deferens, the dose dependent
contractile responses elicited by the toxin
(5-30 pg/ml) consisted of three phases, an
initial transient contraction (first
component), a shower contraction which
gradually declined after reaching a peak
(second component) and a series of transient
contractions or spikes (third component). In
vas deferens, pretreatments with prazosin
(1.2 - 4.8)( 10-6M), yohimbine 00-6 M),
atropine (l0-6M), methysergide (1-4)( 10
6M) and guanethidine (4-8)( 1O-5M) did not
modify the toxin induced rhythmicity.
However, pretreatment with nifedipine (2
8)( 10-6 M) significantly inhibited the three
components of vas deferens contraction
(Fig.2). Ryanodine (1.2 - 4.8)( 10-6 M)
completely blocked the first and second
component and significantly abolished the
number of spikes (third component) of vas
deferens contractions. However, the
inhibitory responses of Mn 2 + (1-6)( 10-5 M)
is evident in all the three components of
vas deferens contraction (Fig. 2). The toxin
produced no rhythmicity in vas deferens
incubated with Ca+-deficient ringer or EGTA
(1-5 mM) containing ringer solution. The
addition of CaCI 2 caused small contractions
when applied after the preparation was
bathed in Ca 2+ -deficient ringer. The
contractile responses became progressively
greater with further increase in Ca 2 +
concentration (2.5 roM).

Unlike the responses in vas deferens and
diaphragm, toxin induced a dose dependent
dual effect in paced atria (Fig. 3). At a low
concentration 05-45 llg/ml), the toxin
evoked a positive inotropic effect while at
an elevated dose (60-200 llg/ml), the toxin
decreased the twitch amplitude. Unlike
caffeine (2.8-4.4 )( 10-3 M), the toxin failed
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to produce any inotropic effect in paced atria
exposed to low Ca2+(10-3 mM) ringer. In atria
pretreated with nifedipine (1-4 x 10-4 M),
ryanodine (1-8 x la-8 M), disopyramide
(2-8 x 10-8 M) and ruthenium red (1.5
6.8 x 10-6 M), toxin failed to induce positive
in tropic effect (Fig. 3).

DISCUSSION

It is well known that d·tubocurarine and
TTX block neuromuscular transmission by
competing with acetylcholine for the
receptor and by blocking Na+ channels
respectively (11). Therefore, the results of
the present study indicate that the
contracture was induced myogenically as
these agents failed to modify the toxin
induced response. The ineffectiveness of
high K+ also excludes the possibility of
membrane depolarization in eliciting such
effect as shown in earlier studies (12).

Contracture also results from a
depolarization of sarcolemma due to
inhibition of Na+K+ATPase which is blocked
by dantrolene (13). It is also reported that
caffeine evoked contracture was induced
mainly due to release of Ca 2+ from
sarcoplasmic reticulum and blocked by
dantrolene (14). Therefore, it seems
reasonable to suggest that influx of Ca2+ is
responsible for toxin induced contracture.

It is well established that neurogenic
stimulation induces release of neurotrans
mitters in vas deferens namely, noradrenaline,
acetylcholine, adenosine triphosphate and
substance P (15). The inability of autonomic
ganglion and other receptor blockers to modify
toxin mediated responses in this study,
excludes the possibility of transmitter release
or direct stimulation of the post synaptic
receptors as a probable mode of action of the
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toxin. Mishra et al (16) reported that rhythmic
contractions in vas deferens are highly
dependent upon the activation of voltage~

sensitive calcium channels (VSCC). It was also
shown that the rhythmic effects could not be
antagonized by verapamil and lanthanides but
the contractility was blocked by Mn2+ (17).
The dependence of rhythmic activity on
external calcium, blockade of contractility by
ryanodine and Mn2+ indicate that the toxin
probably acts via VSCC.

The dose-dependent biphasic activity of
the toxin on paced atria are common
observations with many calcium modulating
compounds. These dual effects may result
from coexistence of inhibitory receptors in
calcium channel, difference in calcium
channel kinetics and G-protein mediated
calcium channel currents (18). However,
with our experimental setup, it can only be
inferred that the inotropic and chronotropic
responses of the toxin are mediated through
calcium influx.

CONCLUSION

The toxin evoked contractility in rat vas
deferens, paced left atria and contracture in
diaphragm are mediated through its calcium
channel modulating property. Further more,
since the toxins liberated from Ptychodiscus
brevis are lipophilic in nature, hence it is quite
likely that their residues are accumulated in
the adipose tissues of fishes to pose severe
health hazard.
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