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Abstract  :  The  a im of  the  s tudy  i s  to  demons t ra te  the  p resence  o f
intracellular calcium store in frog ventricle based on contractures induced
by  4-aminopyr id ine  in  ca lc ium-f ree  media .  Frog-vent r icu la r  s t r ips  were
subjected to field stimulation at  0.2 Hz and the force of contraction was
recorded af ter  s tabi l izat ion.  The preparat ion was then kept  quiescent  for
some time in solutions with different sodium concentrations, containing 0
or 1 mmol/L calcium. Caffeine, 4-aminopyridine (4-AP), or tetraethylammonium
chloride was then added.  Frog skeletal  muscle preparations were used as
positive controls for the caffeine experiments. Frog ventricular preparations
did  not  develop contractures  (sus ta ined contract ions)  in  the  presence of
caffeine (25 mmol/L),  while  frog skeletal  muscle  preparat ions developed
caffe ine- induced cont rac tures .  However ,  4-AP (16  mmol /L)  was  able  to
induce contractures in quiescent frog ventricular  preparations,  even when
they were superfused with calcium-free solution. 4-AP contractures in frog
ventricle were seen in the presence of nifedipine also. Amplitude of 4-AP
evoked contractures in frog ventricle were much larger in low sodium (30
mmol/L) and sodium-free (sodium substituted by lithium) solutions than in
normal  sod ium so lu t ion ,  sugges t ing  tha t  the  rou te  o f  ex t rus ion  o f  the
cytosolic calcium (released from intracellular stores by 4-AP) is the sodium
ca lc ium exchanger ,  which  ge t s  r eve r sed  in  low sod ium so lu t ions .
Tetraethylammonium chloride (TEA) was not  able  to  induce contractures
in frog ventricle suggesting that the contracture evoked by 4-AP is not due
to its potassium channel blocking effect. In quiescent frog skeletal muscle
preparations, caffeine as well as 4-AP induced contractures in calcium-free
solutions. We therefore conclude that there is a caffeine-insensitive, 4-AP
sensit ive intracellular  calcium store in the frog ventricle.
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INTRODUCTION

The aim of this study is to demonstrate
tha t  the re  a re  func t iona l  in t race l lu la r
calcium stores in the frog-ventricle based on
cont rac tures  induced  by  4-aminopyr id ine
in  ca lc ium-f ree  media .  The  exc i ta t ion-
cont rac t ion  (E-C)  coupl ing  in  mammal ian
myocardium is  brought  about  by a  process
ca l led  ca lc ium- induced  ca lc ium re lease .
Depola r iza t ion  of  ca rd iomyocyte  T- tubule
causes influx of Ca2+ through the L-type Ca2+

channels.  This Ca2+ influx causes release of
Ca 2+ f rom the  sarcoplasmic  re t iculum (SR)
through the ryanodine receptors (RyRs) (1).
Frog  ven t r icu la r  myocard ium on  the  o ther
hand  i s  thought  to  depend  exc lus ive ly  on
ex t ra -ce l lu la r  Ca 2+ fo r  E-C coupl ing  (2 ) .
Radioac t ive  ryanodine  b ind ing  assays ,
immunohis tochemis t ry  and  e lec t ron
microscopy have shown a near total absence
of RyRs in the frog ventr icle,  but  electron
microscopy  of  the  f rog  ven t r icu la r
myocard ium has  shown a  ne twork  of
relatively scarce, but well organized SR (3).

Caf fe ine  (5–30  mmol /L)  produces
cont rac tures  in  qu iescen t  mammal ian  and
frog skeletal muscle preparations and in the
mammal ian  myocard ium ba thed  in  normal
extracellular solution. The contracture is due
to emptying of the SR Ca2+ into the cytosol
(4)  and the  ampl i tude  of  cont rac ture  i s  in
fact  used as  a  measure of  SR Ca2+ content
(5). Chapman and colleagues (4, 6) reported
caf fe ine-cont rac tures  in  f rog  a t r i a l
p repara t ions  in  ca lc ium-f ree  medium.
However  ca f fe ine-cont rac tures  do  no t
develop in  f rog ventr icular  preparat ions  in
ca lc ium-f ree  so lu t ions ,  and  th i s  seems
to  sugges t  the  absence  of  func t iona l
intracel lular  Ca 2+ s tores in frog ventr icle .

Never the less ,  the re  i s  some ev idence
suppor t ing  the  p resence  of  func t iona l
intracellular Ca2+ stores in the frog ventricle.
Anderson et al. (7) have shown that the first
pos t -pause  bea t  in  the  f rog  ven t r ic le  i s
d imin ished  in  ampl i tude  as  compared  to
control, but treatment of strips with ouabain
enhanced  the  ampl i tude  of  the  f i r s t  pos t -
pause beat suggesting that in the absence of
ouabain, significant extrusion of cellular Ca2+

occur red  dur ing  the  pause .  Accord ing  to
them,  because  res t ing  tens ion  d id  no t
increase during the pause in ouabain-treated
strips, the non-extruded Ca2+ must have been
sequestered into a compartment such as SR.
Simi la r  repor t s  f rom our  l abora tory
demons t ra t ing  pos i t ive  fo rce- f requency
re la t ionsh ip  and  res t - induced  decay  in
contraction amplitude using frog ventricular
s t r ips  a l so  favour  the  p resence  of  an
in t race l lu la r  Ca 2+ s to re  in  f rog  ven t r ic le
(8, 9).

The  s tudy  presen ted  here  p rov ides
evidence in support of functional intracellular
Ca2+ stores in the frog ventricle. It is shown
tha t  th i s  s to re  i s  sens i t ive  to  4 -AP (a  K +

channel blocker known to mobilize Ca2+ from
in t race l lu la r  Ca 2+ s to res  (10 ,  11) )  bu t  no t
caf fe ine .  I t  i s  a l so  shown tha t  the  major
rou te  o f  ex t rus ion  of  Ca 2+ tha t  en te r s  the
cy toso l  f rom in t race l lu la r  s to res  due  to
ac t ion  of  4 -AP,  i s  the  sod ium-ca lc ium
exchanger  on  the  p lasma membrane .

MATERIAL AND METHODS

Frogs  of  both  sexes ,  weighing between
70 and 110 g, belonging to the species Rana
hexadac ty la  were  used .  The  f rogs  were
anaes the t ized  wi th  e ther  p r io r  to  p i th ing .
The  procedures  were  approved  by  the
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ins t i tu t ional  an imal  e th ics  commit tee .

Frog  ven t r icu la r  s t r ip :  Hear t s  were
isolated from pithed frogs and placed in cold,
well-oxygenated, normal sodium physiological
solution. Circular rings were made from the
ventricle after excising the atrial t issue and
the  t ip  of  the  vent r ic le .  The  r ing  was  cu t
open and the resulting strip which was about
1 to 1.5 cm in length and 2 mm or less in
th ickness ,  was  mounted  in  a  t empera ture -
cont ro l led  ba th  (25–28°C)  and  super fused
wi th  the  same so lu t ion  as  above .  The
solut ion was cont inuously  oxygenated.  The
free end of the strip was connected to a force-
transducer and the force of contraction was
recorded  on  a  char t - recorder  ( fo r  ca f fe ine
experiments) or acquired into a computer (4-
AP and  TEA exper iments ) .  The  s t r ip  was
paced  wi th  f i e ld  s t imula t ion  by  s i lver
electrodes at 0.2 Hz with square pulses of 5
Volt amplitude and 4.5 millisecond duration.

Frog  ske le ta l  musc le  p repara t ions ,  to
se rve  as  pos i t ive  con t ro l s  fo r  ca f fe ine
contractures ,  were made from the sar tor ius
musc l e .

Sources  o f  d rugs  and  chemica l s :  4 -AP
and TEA were purchased from SIGMA and
caffeine was purchased from Loba Chemie.
EGTA was  bought  f rom SISCO research
labora tor ies ;  Ni fed ip ine  was  a  g i f t  f rom
Torren t  pharmaceut ica l s .

Exper imenta l  pro toco l  for  ca f fe ine
exper iments :

Frog ventricular strips were paced at 0.2
Hz in either normal or low sodium solutions
(40  mmol /L  sod ium in  th i s  se t  o f
exper iments )  wi th  1  mmol /L  Ca 2+.  Af te r

stabil ization,  the st imulus was switched off
and  a f te r  about  3  minutes  o f  qu iescence ,
caffeine was added to  the superfusate  a t  a
final concentration of 25 mmol/L. Where frog
skeletal muscle preparations (sartorius) were
used as positive control, the preparation was
stabilized with field stimulation in calcium-
free normal sodium solution and 25 mmol/L
caffeine was added after 2 to 3 minutes of
qu iescence .

Experimental protocol for 4-AP and TEA :

After  mount ing the  ventr icular  s t r ip ,  i t
was paced at  0.2 Hz for  a  minimum of 30
minutes  fo r  s tab i l i za t ion  in  the  normal
sodium solut ion with 1 mmol/L Ca 2+,  Once
the force stabilized, stimulation was switched
off and the solution was changed to calcium-
free solution with 0.2 mmol/L EGTA and any
one  of  the  th ree  sod ium concent ra t ions
(normal ,  low or  ze ro  sod ium) .  Af te r  10
minutes, 16 mmol/L 4-AP or TEA was added
to  the  ba th ing  so lu t ion  and  the  e f fec t
recorded.  Effect  of  4-AP on f rog sar tor ius
musc le  p repara t ions  was  a l so  t es ted  us ing
the same protocol .

Super fus ion  so lu t ions  o f  the  fo l lowing
composi t ion  ( in  mmol/L)  were  used in  the
s tudy :

Normal sodium solution – NaCl 117, KCl 3,
CaCl2 1, MgCl2 1, NaH2PO4 0.2,  Na2HPO4 0.8,
glucose 10, pH adjusted to 7.4 with 1 molar
N a O H .

Low sodium solution – NaCl 30, sucrose 174,
KCl 3 ,  CaCl 2 1, MgCl2 1, NaH2PO 4 0.2,
Na 2HPO 4 0.8, glucose 10, pH adjusted to 7.4
wi th  1  molar  NaOH.  In  the  caf fe ine
exper iments ,  th i s  so lu t ion  con ta ined  40
mmol/L sodium.
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RESULTS

Afte r  a  per iod  of  qu iescence  in  the
normal  sod ium so lu t ion ,  when  the  f rog
ventricular preparation was paced at 0.2 Hz,
the initial amplitude of contraction was very
low and i t  increased gradually to a steady-
s ta te  (pos i t ive  s ta i rcase ,  F ig .  1A) .  This
posi t ive  s ta i rcase  phenomenon was seen in
a l l  the  exper iments .

Effec t s  o f  ca f fe ine

In  qu iescen t  f rog  ske le ta l  musc le
prepara t ions  (n = 4)  ba thed  in  ca lc ium-f ree
so lu t ion ,  add i t ion  of  25  mmol /L  caf fe ine ,
caused a contracture where the tension began
to r ise within 10 seconds of applicat ion of
caffeine (Fig. 1B). Caffeine contractures did
not  deve lop  in  qu iescen t  f rog  ven t r icu la r
preparations in ei ther normal sodium (n = 3,
Fig. 1C) or in low sodium solution (40 mmol/
L sodium) (n = 5, Fig. 1D), even when there
was 1 mmol/L Ca2+ in the superfusate.

Effec t s  o f  4 -Aminopyr id ine :

In  qu iescen t  f rog  ven t r icu la r  s t r ips
ba thed  in  a  ca lc ium-f ree  normal  sod ium
solu t ion  (wi th  0 .2  mmol /L  EGTA)  for  10
minutes ,  add i t ion  of  4 -AP (16  mmol /L)
produced contractures (Fig. 2 A, n = 6). The
ef fec t  was  a lmos t  ins tan taneous  and  was
reversible.  Superfusion with normal sodium
solu t ion  (wi th  1  mmol /L  Ca 2+)  a f te r  the
contracture (to wash 4-AP) helped in quick
resti tution of tension to baseline.  When the
prepara t ion  was  s t imula ted  subsequent ly ,
con t rac t ions  reappeared .  4 -AP-evoked
contractures were much larger when the frog
ventricular strips were bathed in a calcium-

Sodium-free solution – LiCl 117, KCl 3,
CaCl 2 1, MgCl2 1, HEPES 10, glucose 10, pH
adjusted to 7.4 with 1 molar LiOH. (sodium
chloride replaced with l i thium chloride).

EGTA : The concentration of EGTA used
in the calcium-free solutions was 0.2 mmol/
L. Required volume of EGTA stock solution
(200 mmol/L) was added to the solution to
ge t  the  f ina l  concen t ra t ion .  The  s tock
solut ion of  EGTA was prepared by adding
the  required amount  to  d is t i l led  water  and
t i t ra t ing  wi th  1  molar  NaOH t i l l  a l l  the
EGTA dissolved. To make up 10 ml of the
solution, we used 8 ml of distilled water and
about 2 ml of 1 molar NaOH.

Nifedipine stock : 1 millimolar stock was
made in ethanol and was diluted in the final
solution to get a concentration of 10 µmol/
L .  S ince  n i fed ip ine  i s  pho tosens i t ive ,  the
nifedipine experiments were done in a dark
e n v i r o n m e n t .

S ta t i s t i ca l  ana lys i s :  The  4-AP-evoked
cont rac ture  ampl i tude  was  normal ized  as
a  percen tage  of  the  s t imulus - induced
contract ion ampli tude (recorded prior  to  4-
AP application) for comparison between the
three  g roups  wi th  the  d i f fe ren t  sod ium
concent ra t ions .  Resu l t s  a re  expressed  as
median  ( in te rquar t i l e  range) .  Cont rac tures
induced by 4-AP in normal, low sodium and
sodium-f ree  so lu t ions  were  compared
us ing  Kruska l -Wal l i s  t es t  as  the  da ta
was  no t  normal ly  d i s t r ibu ted .  Mul t ip le
comparisons between the three groups were
done  us ing  Bonfer ron i  ad jus tment .  The
overall alpha (0.05) was divided by three and
a  P  va lue  of  <0 .0166  was  cons idered
signif icant .



370 Bhaskar  et   al Indian J Physiol  Pharmacol 2008; 52(4)

Fig .  1 : (A)  Gradual  increase in  contract i le  ampli tude
in  a frog  ventr icular  s t r ip ,  which  has  been
th rough  a  pe r iod  o f  qu iescence  (whi le
dissec t ing  and mount ing  on  the  exper imenta l
se t  up) ,  when  sub jec ted  to  f i e ld  s t imula t ion
at 0.2 Hz; (B)  Caffeine contracture in a frog
sartor ius  musc le  p repara t ion  ba thed  in
ca lc ium-f ree  so lu t ion ;  (C)  Caf fe ine  had  no
ef fec t  in  a  qu iescen t  frog  ventr icu lar
prepara t ion  when  the  pe r fusa te  had  normal
sod ium and  ca lc ium concen t ra t ions .  (D)
Caf fe ine  had  no  e f fec t  on  f rog  ventr ic le
even  when  the  pe r fusa te  had  low sod ium
(40 mmol/L). In B, C  and D,  at a, pacing was
s topped ,  and  a t  b ,  25  mmol /L  ca f fe ine  was
added .  S t imula t ion  was  re - s t a r t ed  a t  c  to
demons t ra te  tha t  the  t i s sue  was  ab le  to
contract  even though caffe ine  did  not  induce
c o n t r a c t u r e s .

free solution with low sodium (30 mmol/L)
(F ig .  2B,  n = 6)  o r  ze ro  sod ium (sod ium
chloride replaced with 117 mmol/L l i thium
chlor ide)  (Fig.  2C,  n = 6) .  Even though the
cont rac tures  seen  wi th  ca lc ium-f ree  low
sodium solutions were larger in comparison
to  those  seen  wi th  ca lc ium-f ree  normal

sod ium so lu t ions ,  the  d i f fe rence  was  no t
s tat is t ical ly  s ignif icant .  Ampli tude of  4-AP
induced contractures in sodium-free solutions
was significantly higher than that seen with
normal  sod ium (F ig .  3 ,  n = 6 ,  P = 0.006 ,
Kruska l -Wal l i s  t es t  wi th  Bonfer ron i
ad jus tmen t ) .

4-AP was able to induce contractures in
calcium-free solutions even in the presence
of  L- type  Ca 2+ channe l  b lockers  l ike
nifedipine (Fig.  4A, n = 4).  Since nifedipine
d id  no t  have  an  e f fec t  on  4-AP- induced
contractures ,  the  effect  of  e thanol  was not
tested. TEA (16 mmol/L), another K+ channel
blocker, was not able to induce contracture-

Fig .  2 : 4 -Aminopyr id ine  con t rac tu res  in  f rog
ven t r i cu la r  s t r ips  ba thed  in  t e s t  so lu t ions
con ta in ing  ze ro  ca lc ium wi th  (A)  normal
sodium (n = 6) ,  (B)  low sodium (30  mmol /L,
n = 6)  and  (C)  ze ro  sod ium ( sod ium
subs t i tu ted  wi th  l i th ium,  n = 6) .  At  a ,
s t imula t ion  was  s topped  and  so lu t ion
changed  f rom normal  so lu t ion  to  t e s t
so lu t ion  wi th  ze ro  ca lc ium and  0 .2  mmol /L
EGTA and  kep t  qu iescen t  fo r  abou t  10
minutes and at b, 16 mmol/L 4-AP was added
to  the  pe r fusa te .
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Fig .  3 : Box  p lo t  showing  the  compar i son  o f
4 -aminopyr id ine  con t rac tu re  ampl i tude
be tween  the  th ree  g roups .  4 -AP con t rac tu re
i s  l a rge r  in  sod ium-f ree  so lu t ion  ( sod ium
subs t i tu ted  wi th  l i th ium)  than  in  normal
sod ium and  low sod ium so lu t ions .
*sod ium-f ree  so lu t ion  vs  normal  sod ium
solu t ion ,  P<0 .01  wi th  Kruska l -Wal l i s  t e s t
fo l lowed  by  Bonfe r ron i  ad jus tment ,  (n = 6
in  each  g roup) .

in the frog ventricular strip (Fig. 4B, n = 4)
under  s imi la r  exper imenta l  condi t ions .
Subsequent  add i t ion  of  4 -AP however
produced  a  con t rac ture  in  the  same
prepa ra t i ons .

4-AP induced contractures in frog skeletal
muscle as well (Fig. 4C, n = 4).

DISCUSSION

When the  ven t r icu la r  p repara t ion  i s
stimulated after a period of quiescence, the
force picks up gradually (positive staircase,
Fig. 1A). Given that the possible sources of
contractile calcium are the extracellular fluid

and the intracellular store, calcium from one
of these two sources must increase gradually
wi th  repea ted  s t imul i  to  account  fo r  the
gradual build up of force.  If  the prevailing
view that ,  in  the  f rog myocardium,  dur ing
an ac t ion  potent ia l ,  most  i f  not  a l l  of  the
Ca2+ for contraction enters the cell from the

Fig .  4 : 4 -aminopyr id ine  induces  con t rac tu re  in  f rog
ventr ic le  even in  the  presence  of  n i fedipine;
(B)  TEA d id  no t  p roduce  con t rac tu res  in
f rog-ven tr ic le  whi le  4 -AP produced
con t rac tu res  in  the  same  t i s sue  a f t e r  TEA;
(C)  4-AP induced  con t rac tu res  in  f rog
sar tor ius  musc le  prepara t ion .  In  a l l  th ree
t rac ings  A ,  B  and  C ,  a t  a ,  s t imula t ion  was
s topped  and  so lu t ion  changed  f rom normal
solut ion to normal  sodium solut ion with zero
ca lc ium,  0 .2  mmol /L  EGTA (and  10  umol /L
ni fed ip ine  in  the  case  o f  A a lone)  and  kep t
qu iescen t  fo r  somet ime  and  a t  b ,  16  mmol /
L  4 -AP was  added  to  the  pe r fusa te .
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ex t race l lu la r  f lu id  v ia  the ;  L- type  Ca 2+

channels  (2 ,  3 ,  12,  13)  is  essent ia l ly  t rue ,
then the positive stair case that is shown in
Fig. 1A must mean that L type Ca2+ channels
are facilitated with repeated stimuli.  On the
o ther  hand ,  L- type  ca lc ium channe ls  a re
known to  inac t iva te  wi th  repea ted  s t imul i
or even during the course of a voltage pulse
due  to  vo l tage  and  ca lc ium-dependent
mechanisms (14, 15). Evidence for facilitation
of  L- type  ca lc ium cur ren t  wi th  repea ted
stimulation does exist ,  but  such facil i tat ion
is shown to be short-lived, for a few seconds
only  (17 ,  18) .  In  our  exper iments ,  the
duration for which the positive stair-case was
built-up and maintained being very long, (up
to 30 minutes in most cases) i t  is  unlikely
that  this  could be due to faci l i tat ion of L-
type  ca lc ium channels .  The  pos i t ive  s ta i r -
case  tha t  we  observed  in  a l l  p repara t ions
paced at  0 .2  Hz for  more than 30 minutes
under  con t ro l  condi t ions ,  sugges t s  the
existence of a source of calcium (other than
L- type  ca lc ium channe ls )  which  increases
wi th  repea ted  s t imul i .  The  mos t  obvious
inference is an intracellular store which gets
gradually repleted with calcium which enters
the cell with every pulse. Such a phenomenon
of  s to re  rep le t ion  dur ing  con t rac t ions  i s
stated as the cause for the positive staircase
in  the  mammal ian  card iac  musc le  which
begins to contract after a period of quiescence
(19).  The same phenomenon should account
for the positive staircase in the frog ventricle
a l so .  The  i s sue  however  wi th  the  f rog
ventricle is the fact that contractures do not
deve lop  wi th  convent iona l  agen ts  l ike
caf fe ine  which  re lease  ca lc ium f rom the
s tore ;  i t  i s  impor tan t  there fore  to  f ind  an
agent  tha t  re leases  ca lc ium f rom the
puta t ive  s tore  to  demonst ra te  the  presence
of such a store.

In our experiments we found that 4-AP,
a known potassium channel blocker,  is able
to  evoke contractures  in  the  f rog ventr ic le
even when bathed in  calcium-free medium.
4-AP induced contractures were seen in frog
vent r icu la r  s t r ips  ba thed  in  ca lc ium-f ree
solutions even in the presence of an L-type
Ca2+ channel blocker,  nifedipine.  Therefore,
external  Ca2+ inf lux plays  no role  in  4-AP
induced contractures. The calcium for the 4-
AP evoked contractures must come from an
in t race l lu la r  s to re .  Inab i l i ty  o f  ano ther
potass ium channel  b locker ,  TEA,  to  evoke
contractures  in  the  f rog ventr ic le  indicates
that the Ca2+ mobilizing property of 4-AP is
independent of K+ channel blockade.

Effects of 4-AP on Ca2+ homeostasis have
been  repor ted  ea r l i e r  (11) .  4 -AP- induced
contracture in frog ventricular strips bathed
in  ca lc ium-f ree  so lu t ions  has  a l so  been
reported earl ier  (20) .  As for  mechanism of
ac t ion ,  i t  has  been  suggers ted  tha t  4 -AP
releases  Ca2+ f rom int racel lular  Ca2+ s tores
th rough  e leva t ion  of  inos i to l  t r iphospha te
( IP 3) .  Inh ib i t ion  of  sa rcoendoplasmic
re t icu lum Ca 2+ ATPase  ac t iv i ty  by  4-AP
has also been suggested in  skeletal  muscle
(10).

Hence the cause of 4-AP contracture in
the  f rog  ven t r ic le  cou ld  be  e i ther  IP 3

e leva t ion  or  inh ib i t ion  of  the  SR ca lc ium
ATPase (analogous to  contractures  induced
in  ske le ta l  musc le  wi th  thaps igarg in  o r
cyclopiazonic acid). Inhibition of SR calcium
ATPase  i s  a  poss ib i l i ty  s ince  e lec t ron
microscopy of the frog ventricle does suggest
the presence of Ca2+ ATPase in free SR (3).

The absence of  caffe ine-contractures  in
f rog  ven t r ic le  in  our  s tud ies ,  a rgues  fo r
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caf fe ine- insens i t iv i ty  o f  the  Ca 2+ re lease
mechanism f rom the  in t race l lu la r  s to re  in
this t issue, rather than absence of the store
per  se .  Caffe ine-cont rac tures  were  e l ic i ted
in  the  f rog  ske le ta l  musc le  as  pos i t ive
control .  Since i t  has  been repor ted that  in
frog atr ia ,  caffeine-contractures  though not
seen in normal sodium media, develop when
external  sodium is  reduced (6) ,  we applied
caffeine in low sodium and sodium-free media
to the frog-ventricle; even then contractures
were  not  seen .

Calcium released in to the cytosol during
a 4-AP contracture must be getting extruded
through  the  sod ium-ca lc ium exchanger  on
the  p lasma membrane ,  because  the  4-AP
cont rac tures  were  much  la rger  when  the
prepara t ion  was  ba thed  in  low sod ium or
sodium-free solutions,  essentially conditions
inh ib i t ing  the  Ca 2+ ex t rus ive  mode  of  the
sodium calcium exchanger (9).

In  conc lus ion  our  resu l t s  sugges t
a  func t iona l  in t race l lu la r  s to re  fo r  Ca 2+

in  f rog  ven t r ic le .  Th is  s to re ,  which  i s
sens i t ive  to  4 -aminopyr id ine ,  i s  however ,
pharmacolog ica l ly  d i f fe ren t  f rom the
convent iona l  SR because  the  convent iona l
modulator of SR calcium store, caffeine, does
not have any effect  on the frog-ventricle.
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