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INTRODUCTION

Breve tox ins  a re  l ip id  so lub le  cyc l ic
po lye ther  neuro tox ins  p roduced  by  mar ine
d inof lage l la te  (Ptychodiscus  brev i s  tox in ;
PbTx),  an organism linked to periodic “red
tide” blooms in the Gulf of Mexico, Florida
and Indian seacoast (1, 2). These toxins are
l ibera ted in to  water  column dur ing blooms
condi t ions  (1 ,  3 )  and  pose  se r ious  hea l th

PTYCHODISCUS BREVIS  TOXIN DECREASES THE SPONTANEOUS
ACTIVITY OF RAT RIGHT ATRIA INVOLVING MUSCARINIC
RECEPTORS AND POTASSIUM CHANNELS

JITENDRA N. SINGH1, MALOY B. MANDAL AND
SHRIPAD B.  DESHPANDE*

Department  of  Physiology,
Insti tute of  Medical Sciences,
Banaras Hindu University,  Varanasi – 221 005

( Rece ived on July  15 ,  2007 )

Abstract : Marine dinoflagellate Ptychodiscus brevis toxin (PbTx), is known
to produce toxic effects on cardiovascular system. The present experiments
were conducted to evaluate the effect  of  synthetic phosphorus containing
Ptychodiscus brevis  toxin on spontaneously beating r ight  atr ium in vi tro .
The  PbTx  (0 .84-84  µM)  dec reased  the  r a t e  and  fo rce  o f  r igh t  a t r i a l
con t rac t ions  in  a  concen t ra t ion-dependen t  manner .  E thano l ,  a  veh ic le
present in highest  concentrat ion of PbTx, had no effect  on atr ial  rate or
force of contraction. Pretreatment with atropine blocked the PbTx-induced
decrease in atrial  rate and force of contraction.  The tetraethylammonium,
a potassium channel blocker,  blocked the PbTx-induced decrease in atrial
ra te  and force ,  where  as ,  L- type of  calc ium channel  b locker ,  n i fedipine
blocked the PbTx-induced force of  contract ion but  not  the rate  changes.
The results  indicate that  the PbTx decreased the atr ial  rate and force of
contraction via cholinergic receptors involving K+ channel.

Key words  : breve tox in PbTx right  a tr ia l  potent ial
nifedipine TEA

1 Presen t  address : Depar tment  o f  Pharmaco logy  and  Tox ico logy ,  Na t iona l  Ins t i tu te  o f  Pharmaceu t i ca l
Educa t ion  and  Resea rch ,  S .A .S .  Nagar ,  Pun jab .

* Corresponding Author : Emai l :  desh48@yahoo .com (S .B .  Deshpande)

p rob lems  to  man  or  l ives tock  (1) .  PbTx
produce  de le te r ious  e f fec t s  on  var ious
sys tems  such  as  resp i ra to ry ,  gas t ro -
in tes t ina l ,  ne rvous  and  card iovascu la r
sys tems  (4–11) .  The  card iovascu la r
abnormal i t i es  such  as  b radycard ia ,
hypotension, conduction blockade have been
reported along with respiratory abnormalities
(apnea  fo l lowed by hyperapnea)  in  ca ts  in
vivo (6). The in vivo bradycardia can be due
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to  the  d i rec t  e f fec t  o f  the  tox in  on  the
pacemaker cells or indirectly by altering the
card io- resp i ra to ry  re f lexes  as  shown for
scorp ion  venom (12 ,  13) .  In  our  ea r l i e r
repor t ,  we  have  shown tha t  PbTx d id  no t
involve Bezold–Jarisch reflex/J-reflexes (12).
Thus,  the effect  could be due to the direct
action of the toxin on the atria. It is known
that PbTx alters the Na+ channel activity in
variety of tissue including the neuronal one
(14) .  In  th i s  context  i t  may be  ment ioned
that  the pacemaker cel ls  minimally involve
Na + channels  e i ther  for  the  prepotent ia l  or
for the spike potential.  Thus, the effects of
PbTx unlikely to be due to the alteration of
Na+ channel activity of cardiac cells. The pre-
potential  determines the cardiac rate and is
produced by I

K 
decay followed by the opening

of  t rans ien t  Ca 2+ channe ls .  The  d i rec t
effect  of  PbTx on cardiac  pacemaker  cel ls
i s  no t  known.  Therefore ,  th i s  s tudy  was
under taken  to  examine  the  e f fec t  o f  PbTx
induced  changes  on  spontaneous ly  bea t ing
right atrium and to delineate the underlying
m e c h a n i s m s .

MATERIAL AND METHODS

All  the  exper iments  were  per formed
according to the guidelines of  the Inst i tute
of  Medica l  Sc iences ,  Banaras  Hindu
Univers i ty ,  Varanas i  fo r  conduc t ing  the
an imal  exper iments .  Care  was  taken  to
res t r i c t  the  number  o f  an imals  to  the
minimum possible.  The detai led descript ion
of  the  methods  for  record ing  a t r i a l
contractions in vitro from albino rat has been
described earlier (15, 16).

Isolation of atrial preparation and recording
of the contractions

Adul t  male  a lb ino  ra t s  (Char les  Fos te r

strain) were sacrificed by cervical dislocation
and exsanguination. The thorax was opened;
heart was carefully dissected out and placed
in a petridish containing chilled Krebs Ringer
so lu t ion  bubbled  wi th  100% O

2
.  The  r ight

atrium was carefully separated from the rest
o f  the  hear t  and  mounted  ver t i ca l ly  by
securing one end to a glass tube placed in
an organ bath  (volume = 10 ml)  conta in ing
Krebs  Ringer  kept  a t  28±1°C and bubbled
cont inuously with 100% O

2
.  The other  end

of the atrium was fastened firmly to a force
d isp lacement  t ransducer  by  a  f ine  th read .
The  a t r i a l  p repara t ion  was  then  g iven
res t ing  tens ion  of  0 .1  g  and  was  a l lowed
to  equi l ib ra te  fo r  30  min  before  making
the  con t ro l  record ings .  The  i somet r ic
cont rac t ions  were  recorded  on  a  char t
recorder after stabilization. The Krebs Ringer
so lu t ion  was  changed  a t  every  15-min
in terva ls  unless  ment ioned  o therwise .

Experimental  Protocol

After  record ing  the  in i t ia l  cont rac t ions
the  t i s sue  was  exposed  to  cumula t ive
concentrations of PbTx (0.84–84 µM) allowing
20  min  a t  each  concent ra t ion .  At  the  end
the effect of PbTx was washed with normal
physiological solution for 30 min. In case of
antagonis ts ,  the  t i ssue  was  pre t rea ted wi th
atropine (0.3 µM) or nifedipine (1.0 µM) or
tetraethylammonium (10 mM) for 20 min and
the  record ing  was  made ,  subsequent ly
exposed to different  concentrations of PbTx
as above.

Drugs and solut ions

Krebs Ringer solution had the following
composi t ion  (mM) :  NaCl ,  137;  KCl ,  2 .68;
CaCl

2
,  2H

2
O,  1 .8 ;  MgCl

2
,  6H

2
O,  0 .88 ;
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NaH
2
PO

4
, 2H

2
O, 0.36; NaHCO

3
, 7 and glucose

11 .  Synthe t ic  PbTx (O,  O-Diphenyl -N-
Cycloocty lphosphoramldate ,  Mol .  Wt .  359)
was  ob ta ined  f rom Defence  Research  and
Development Establishment,  Gwalior,  India.
At rop ine  su l fa te ,  t e t rae thy lammonium
chloride, and nifedipine were obtained from
Sigma chemica l  company,  S t .  Louis ,  MO,
USA .  The  s tock  so lu t ion  of  PbTx was
prepared in absolute ethanol and other drugs
were prepared in  dis t i l led water .  The f inal
dilutions of all the drugs were made in Krebs
Ringer. All the stock solutions (10–2 M) were
stored in  a  f reezer  and thawed jus t  before
u s e .

Stat is t ical  analysis

The  force  o f  a t r i a l  con t rac t ions  was
expressed as  percentage of  ini t ia l  response
and  was  pooled  to  ob ta in  mean±S.E.M.
values.  Differences between various groups
were compared by using one-way or two-way
analysis  of  variance (ANOVA) fol lowed by
Student-Newman-Keuls test .  Student’s t- test
was  a lso  performed as  requi red .  A P<0.05
was considered significant .

RESULTS

PbTx  produced  a  concentra t ion-dependent
decrease of rate and force

PbTx (0.84–84 µM) decreased the rate and
force  o f  spontaneous ly  bea t ing  ra t  r igh t
atrium in a concentration-dependent manner
(Fig. 1, P<0.05, one way ANOVA). At 0.84
µM of PbTx, there was no decrease in rate
and  fo rce  o f  con t rac t ion .  At  2 .8  µM
concentra t ion of  PbTx ra te  and force  were
decreased by 17%. At 84 µM, the rate and
force were decreased by 43%. The inhibitory

Fig .  1 : Ptychod i scus  brev i s  (PbTx ;  0 .84–84  µM)
decreased  a t r i a l  r a t e  and  fo rce  in  a
concentration-dependent manner.  Cumula t ive
concentra t ion-response of  PbTx was obta ined
af te r  expos ing  the  a t r i a  to  a  concen t ra t ion
for  20  min.  In  the  upper  panel ,  the  or ig inal
t r ac ings  o f  an  exper iment  a re  shown to
dep ic t   t he  PbTx- induced  dec rease  in  r a t e
and  fo rce  a t  d i f fe ren t  concen t ra t ions .
Hor izon ta l  l ine = 5  sec  and  ve r t i ca l  l ine =
0 .1  g .  In  the  lower  g raph ,  the  mean±S.E .M
values  of  pooled  observa t ions  obta ined  f rom
di f fe ren t  exper iments  (n = 9) .  The  dec reases
a t  va r ious  concen t ra t ions  were  s ign i f i can t ly
d i f fe ren t  (P<0 .05 ;  one  way  ANOVA) .

concent ra t ion  to  p roduce  50% of  maximal
depress ion ( IC

50
)  for  the  PbTx was  around

4.0 µM. Ethanol (vehicle used for PbTx; 10
µL/ml)  had  no  ef fec t  on  the  ra te  or  force
(97.8±8.3 and 95±9.4% of  ini t ia l)  of  atr ia l
con t rac t ions .

Atropine blocked the PbTx induced depression

Atropine (0 .3  µM) pre- t reatment  per se
decreased the rate by 15±2.5% and force by
31±15.2% of the initial,  respectively. In the
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presence of  the atropine,  the PbTx (2.8–84
µM)-induced decrease of atrial rate and force
of  con t rac t ion  were  s ign i f ican t ly  b locked
(P<0.05 ,  Two way ANOVA fo l lowed by
Student -Newman-Keuls  t es t ,  F ig .  2 ) .  The
blockade  of  fo rce  changes  was  comple te
(Fig. 2).

Tetraethyl ammonium antagonized the PbTx-
induced changes

TEA (10  mM),  a  po tass ium channe l
blocker, itself did not alter either atrial rate
(97.8±5.7% of initial) or force of contraction
(109±4.8% of  the ini t ia l ) .  However ,  in  the
presence of TEA, the PbTx-induced decrease
in atrial  rate and the force were attenuated
significantly (Fig. 3).

Fig .  2 : Atropine  (0 .3  µM) blocked the  PbTx-induced
changes in rate as well as force. The original
tracings of  atr ial  contractions before (20 min
af te r  exposure  to  a t rop ine / sa l ine )  and  a f t e r
28  µM of  PbTx  a re  p resen ted  in  the  upper
pane l .  Hor izon ta l  l ine = 5  sec  and  ve r t i ca l
l ine = 0 .1  g .  The  mean±S.E .M va lues  as
percen tage  o f  in i t i a l  were  ob ta ined  f rom 6
d i f fe ren t  exper iments .  The  va lues  a re
s ign i f i can t ly  d i f fe ren t  f rom one  ano the r
(P<0 .05 ;  two  way  ANOVA fo l lowed  by
Studen t -Newman-Keuls  t e s t ) .

Fig .  3 : Tetraethylammonium,  (TEA, 10 mM) blocked
the  PbTx-induced decrease  in  a t r ia l  ra te  and
force  of  contract ions .  The mean±S.E.M were
ob ta ined  f rom 7  d i f fe ren t  exper iments .  The
va lues  a f t e r  TEA a re  s ign i f i can t ly  d i f fe ren t
f rom the  con t ro l  (P<0 .05 ;  two  way  ANOVA
fol lowed  by  S tuden t -Newman-Keuls  t e s t ) .

Ni fed ip ine  an tagonized  the  PbTx- induced
changes

Nifedipine (1.0 µM) by i tself  decreased
the  a t r ia l  ra te  and force  of  contract ion by
17% and 13%, respect ively.  Nifedipine did
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not alter the PbTx-induced decrease in atrial
ra te  bu t  b locked  the  fo rce  o f  con t rac t ion
produced by the toxin significantly (Fig. 4).

contraction involves muscarinic receptors, as
evidenced by the blockade with atropine. The
atrial  rate is determined by the pace maker
potential of SA node, which is generated by
the decrease in K+ conductance followed by
increase in  Ca2+ conductance.  SA node has
very rich cholinergic nerve plexuses. Binding
of  ACh to  muscar in ic  receptors  (G-prote in
coupled  recep tors )  modula tes  inward ly
rec t i fy ing potass ium channels  (GIRK/K

Ach
) .

This  in  tu rn  increases  the  K + conductance
and br ing about  hyperpolar izat ion of  a t r ia l
pace maker cells  (17, 18). This decreases the
slope of prepotential or diastolic depolarisation
to produce negative chronotropic effect (17,
19, 20). The Na+ channels minimally participate
in the generation of pace maker potential or
in the action potentials of cardiac pace maker
cells. On the other hand, PbTx is known to
ac t iva te  vo l tage  ga ted  Na + channe ls  in
neuronal tissue and induce Ca2+ influx (21).
Therefore ,  PbTx i s  l ike ly  to  p roduce  i t s
action on cholinergic nerve plexuses present
in  the  a t r i a l  t i s sue .  Thus ,  i t  appears  tha t
PbTx stimulates the cholinergic nerve plexus
by act ivat ing Na + channels  to  re lease  ACh
through Ca2+ influx as suggested before (21).
ACh thus released decreases rate and force
through i ts  act ion on muscarinic  receptors .
Since there is  no increase in  rate  or  force
of  a t r i a l  con t rac t ions   a f te r  PbTx,  i t  i s
p resumable  tha t  the  con t r ibu t ion  f rom
adrenergic  nerves  i s  minimal .

Further, our findings with TEA indicates
the involvement of K+ channel in mediating
the effect. TEA is not specific  K

Ach
 channel

blocker but  blocks majori ty of  K+ channels
including K

Ach
 channel (22, 23). Therefore, it

is clearly evident that the effect of PbTx is
mediated through the  re lease  of  ACh from
cholinergic nerve plexuses of atria involving
K + channel .

Fig .  4 : Nifedipine (Nifed,  1.0 µM) blocked the force
changes  bu t  no t  the  a t r i a l  r a t e  changes
induced  by  PbTx .  The  o r ig ina l  t r ac ings  o f
a t r i a l  con t rac t ions  be fo re  (20  min  a f t e r
exposure  to  n i fed ip ine / sa l ine )  and  a f t e r  28
µM of  PbTx  a re  p resen ted  in  the  upper
pane l s .  Hor izon ta l  l ine = 5  sec  and  ve r t i ca l
l ine = 0 .1  g .  In  the  lower  g raph ,  the
mean±S.E .M va lues  f rom 7  d i f fe ren t
exper iments  a re  depic ted .  The  force  changes
induced  by  PbTx  a re  s ign i f i can t ly  d i f f e ren t
f rom the  con t ro l  (P<0 .05 ;  two  way  ANOVA
fol lowed  by  S tuden t -Newman-Keuls  t e s t ) .

DISCUSSION

Our  resu l t s  demons t ra te  tha t  PbTx
induced  decrease  in  ra te  and  force  o f
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The ability of atropine and TEA to block
the force changes indicates the involvement
of  muscar in ic  recep tor -dependent  ac t ions .
The activation of Gi by muscarinic receptor
agonists  has been demonstrated in rat  atr ia
(16). The Gi  in turn activate G-cyclase and
enhance the cGMP production. The cGMP is
known to suppress cAMP activity. The cAMP
modulates  Ca2+ channel  act ivi ty  and br ings
about  force rela ted changes (24,  25) .  Thus
in our study,  suppression of cAMP activity
i s  a  poss ib i l i ty .  Th is  i s  suppor ted  by  our
observation with nifedipine. Further, it is to
be noted that L-type of calcium channels are
not  involved in rate  changes.

In  conc lus ion ,  PbTx by  ac t iva t ing
chol inerg ic  p lexuses  media te  the  nega t ive
inotropic and chronotropic actions involving
muscar in ic  receptor-dependant  K+ channels .
However ,  fu r ther  s tud ies  a re  requ i red  to
explore the detai led mechanisms underlying
the  ca lc ium channe ls  in  media t ing  PbTx
induced force changes.
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