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SUMMARY

The cummulative effect of adrenaline (1.0 to 10uM) was studied on
isolated heart ventricular preparation from catfish (Clarias gariepinus)
and frog (Bufo regularis) afier their electrical stimulation at different
frequencies (0.2, 0.4, 0.6 and 0.8 Hz). The effect of adrenaline (4uM/ L
for fish heart and 8 uM/ L for frog heart), caffeine (8mM) and verapamil
(10 uM/L) on the contractile variable (contractile force; rate of
contraction, df/dt; rate of relaxation,- df /dt and time to peak tension,

TPT) were studied to investigate the role of Ca*™t channels and the
sarcoplasmic reticulum (SR) in the regulation of the cardiac variables.

Furthermore, the effect of 2.5 extracellular Ca™ on these cardiac
variables was also, studied. Relative to the stimulation rate of 0.2 Hz
adrenaline had a positive inotropic effect on the cardiac force of both
animals. The positive inotropic effect of adrenaline on the contractile
force reached its maximal effect at 4,1, 3 and 7 pM/L in the catfish and

at 7, 3, 5 and 3 uM/L at 0.2, 0.4, 0.6 and 0.8 Hz in the frog heart.

Verapamil had a negative inotropic effect on the cardiac force of both
animals and it reached its maximum effect at 10 pM/L at the all
stimulation frequencies applied. Adrenaline, 4 MUM/L for the fish heart
and 8 pM/L for the frog heart had a positive inotropic effect on the
contractile variables (contractile force; rate of contraction, df / dt; rate of
relaxation, - df/ dt and time to peak tension, TPT) in both animals at all
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the stimulation rates. It reached its maximal effect at a frequency of 0.2
Hz and 0.4 Hz in the fish and the frog myocardium, respectively.
Caffeine (8.0 mM), also, had a positive inotropic effect, like that of
adrenaline, on the contractile variables devcloped at the different
frequencies in the myocardium of both animals. In the frog but not in
the fish heart, the positive inotropic effect of caffeine on the contractility
was higher than that of adrenaline, Relative to the stimulation rate of 0.2
Hz, verapamil (10 puM/L), a specific inhibitor of the transarcolemmal
Ca*' channel, had a negative inotropic effect on the cardiac contractility
of both animals and it rcached its maximal effect at a stimulation
frequency of 0.8 Hz. Increasing of extracellular Ca>™ from 1.25 to 2.5
mM increased the positive inotropic effect of adrenaline and caffeine on
the cardiac contractility but it did not remove the negative inotropic
cffect of verapamil on the contractility developed at the stimulation
rates, relative to that developed at a frequency of 0.2 Hz before addition
of any treatments. Thus, the cardiac sarcolemmal Ca®'channel of the
catfish and the frog seems to support the contractility during adrenaline
dependent developed at different frequencies examined in both animals.
Furthermore, the results suggest that the contribution of the sarcolemmal
Ca™ fluxes in the force development in the myocardium of the frog was
higher than that in the catfish myocardium.

Key words: Adrenaline, Caffeine, Verapamil, Cardiac Contractility,
Fishes, Amphibians.

INTRODUCTION

The relative contribution of the Ca’'release and uptake by the
sarcoplasmic recticulum (SR) and of the Ca’‘fluxes across the
sarcolemma in the cardiac contractility seems to differ in the ectothermic
and endothermic specics (Fabiato and Fabiato, 1983; Chapman, 1983).
The cardiac SR and sarcolemma of the teleost is sparsely developed
compared with that of mammals according to ultrastructural studies
(Gabella, 1978) but, its SR appears to be well developed functionally
according to an experimental study (EL — Sayed, 1994). However, the
SR of the frog heart is much less developed ultrastructurally and
functionally than that of the teleost (Mcleod et al., 1991).

In teleosts, an increase in frequency was found to decrease the
twitch force of the cardiac muscle (Driedzic and Gesser, 1985). The
Clarias gariepinus myocardium also shows a negative force-frequency
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refationship (EL-Sayed 1994b). Tt has been suggested that the negative
force frequency relationship may depend on the calcium regulation by
the SR (Orchard and Lakatta, 1985). Also, it has been reported that the
contribution of the SR in the force devclopment at physiologically
relevant frequencies appears 1o be less important in the teleosts heart
(Driedzic and Gesser, 1988; Hove-Madsen and Gesser, 1989).
Furthermore, caffeine also decreased the force developed at different
frequencies, especially at a relevant physiologically frequency (EI-
Sayed, 1994 b).  However, verapamil which is generally used as an
inhibitor of sarcolemmal Ca®" flux (Devlin and Smith 1996) causcd a
decrease in the contractile variables at different frequencies in the clarias
myocardium indicating also the possible contribution of the sarcolemmal
Ca®' flux in the regulation of the cardiac force (El-Sayed, 1999).

In ectothermic species, it is thought that the contractions of the
cardiac muscle depend on Ca®" fluxes across the sarcolemma while the
SR seems to be of relatively little importance (Santer, 1985; Morad and
Cleeman, 1987). In accordance with that it has been claimed that the
cardiac SR of frog is less developed than that of the telcost heart (Page
and Niedergerke, 1972). Furthermore, frog heart exhibits post — rest
decay of force after rest interval of 5 minutes which is strongly increased
by caffeine, an inhibior of the SR function (El-Sayed, 2000). Verapamil,
an inhibitor of the sarcolemmal Ca®* channels, slightly decreased this
decay in the cardiac force developed after the 5 minutes of rest in the
frog heart, also. Thesc reactions are belicved to reflect an mvolvement
of the transarcolemmal Ca®" in the regulation of force,

Adrenaline enhanced twitch force developed at a steady pacing
rate by a similar factor in the atrial and ventricular tissues of rainbow
trout (Gesser, 1996). This factor was furthermore not affected by
ryanodine and seems, therefore, not to depend on the SR. Also, in the
teleost heart adrenaline increased the potentiation in the force developed
after 5 minutes of rest (El- Sayed, 2000), whereas in amphibian heart, it
decreased the post-rest decay in the contractility indicating that the
regulation of force may depend on the Ca®' fluxes across the
sarcolemma. In mammals as in the teleost hearts, adrenaline increased
the myocardial contractility (Briickner et al., 1985 and keen et al., 1993).

The aim of the present study is to examine the influence of
adrenaline on the contractility developed at the different frequencies in
the myocardium of the catfish and the frog with respect to the SR and
the sarcolemmal Ca** channel dependences.  Furthermore, the
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experiments were extended to investigate the effects of caffeine and
verapamil on the cardiac variability of both animals to evaluate the rofc
of Ca® channels in cardiac contractility . In addition , the effect of
extracellular Ca®* on cardiac contract ile wac investigated.

MATERIALS and METHODS
Animals:

The catfish (Clarias gariepinus) weighing about 150 g. of both
sexes were obtained from canal near to Sohag city and were transported
to the laboratory at the Zoology Department in the Faculty of science
(Sohag) where there were kept in freshwater tanks at room temperature
for about one month. Frogs (Bufo regularis) of both sexes were
captured during June and July months from farms near to Sohag city and
were Kept in terraria with the possibility to dwell in water. The fishes
were Killed by decapitation, while the frog by a blow on the head then
the heart was transformed to an ice-cold oxygenated physiological
solution where four strips were cut along the long axis. The four
preparations from each ventricle were mounted in identical set-ups and
run in parallel. It was considered important to obtain the experimental
and control preparation from the same heart since several batches of fish
were used.

Preparations:

Each preparation was mounted vertically. One end was tied with
surgical silk to one of the two stimulation clectrodes made of platinum,
and the other end to a thin glass rod connected to the force transducer
(Grass FTO3). The distance between the electrode and the transducer,
and hence the length of the preparation, could be adjusted with a
micrometer screw. The second stimulation electrode was positioned
undefined cellular orientation, contractions development and changes in
the contractility were normalized to that developed after the stabilization
at the basic stimulation rate.

The physiological solution contained (mmol. 17): Na Cl, 125, Na
HCo; 15, NaHsPo; 1.5, KCI 2.5, MgS04 1.0, Ca Cly 1.25, and glucose 5,
for fish and frog. It was perfused with 99% 0, and 1% Co, during the
experiment by gas mixing pump (wosthoff 1 M 3 ol/af). The
temperature of the solution bathing the preparation was maintained at
15°C with a thermostated waterbath (Cole- Parmer OT 268/15, USA).
The pH of the solution was 7.71.
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Drugs:

Adrenaline — tartrate (Sigma) and verapamil (Sigma) were cach
dissolved in distilled water to 10 mmol / L' and kept frozen (-20C) in
suitable portions. Caffcine (8.0Mm) was added as a powder.

Experimental procedures;
Experiment I:

The relationship between adrenaline and the contractions in the
myocardium of both animals was examined at different frequencies., The
relationship between verapamil and the contractile variables was also
investigated in the frog myocardium at different frequencies, After
stabilization at basic stimulation rate (0.2 Hz), cummulative doses of
adrenaline ranging from 1 to 10 BM/L were added to the bath of one of
the two preparations run in parallel with 5 minutes for each dose. In
another serics of cxperiments, the stimulation frequency was increased
to either 0.4, 0.6 or 0.8 Hz afier a stabilization period for about 30
minutes at 0.2 Hz. Then one of the two preparations running in parallel
at the new stimulation rate was cxposed to cummulative doses of
adrenaline. Similar experiments were repeated for frog heart to evaluate
the influence of cummulative doses of verapamil ranging from 1 to 10
uM/L on the cardiac contractility at different frequencies. To assess the
affinity of adrenaline and verapamil, the changes in the contractile
variables(contractile force; rate of contraction, dffdt; rate of relaxation, -
dfidt and time to peak tension,TPT) at each adrenaline and verapamil
dose were normalized to that in the absence of adrenaline and verapamil
at 0.2 Hz(control).

Experiment 1I:

To evaluate the impact of adrenaline, caffeine and verapamil on
the contractile variables (contractile force; rate of contraction, di/dt; rate
of relaxation, -df/dt and time to peak tension, TPT) in the cardiac muscle
of both animals at 0.2, 04, 0.6 and 0.8 Hz, four preparations from each
ventricle were run in parallel at 0.2 Hz and at 15°C where the force was
allowed to stabilize. After stabilization, the stimulation frequency was
continued at 0.2 Hz in one series of experiments and was increased to
either 0.4, 0.6 or 0.8 Hz in another series of experiments. After
stabilization at the new stimulation frequency, the first preparation was
cxposed to 4 uM of adrenaline for fish and §. HM/L for the frog, the
second 10 8 mM caffeine, the third to 10uM verapamil for both animals
whereas the fourth preparation was maintained at control conditions.
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Experiment III:

After 10- 15 minutes_of these changes, the four preparations
were subjected to 2.5 mM Cao2 “, i.e. the extracellular Ca®* was increased
from 1.25 to 2.5 mM.

Results arc given as Means + SD. The level of significance was
estimated by student-t test for either paired or unpaired samples.
Differences were considered significant when P < 0.05.

RESULTS

Adrenaline dose — response:

The relationship between adrenaline and the contractile force in
the myocardium of the catfish and of the frog was examined at different
frequencies. Fig.1 shows that 1 uM adrenaline caused a significant
increase in the contractile force of the fish myocardium at different
frequencies, 0.2, 0.4, 0.6 and 0.8 Hz, relative to the control (in absence
of adrenaline) at 0.2 Hz. With increasing the concentration of adrenaline,
the cardiac force increased until it reached its maximal effect at 4, I, 3
and 7 uM/L. at a stimulation frequency of 0.2, 0.4, 0.6 and 0.8 Hz
respectively (Fig. 1 a, b, ¢ and d). In the frog myocardium 1uM
adrenaline, also led to a significant increase in the contractile force at the
different frequencics (Fig. 2). As in the fish heart, increasing of the
adrenaline concentration led to an increase in the cardiac force of the
frog to reach its maximal effect at 7 uM/L at a stimulation rate of 0.2 Hz
(Fig. 2a), whereas it had its marked cffect on the (Fig. 2bc & d).
contractile force at 3, S and 3 uM at 0.4 , 0.6 and 0.8 Hz respectively
Verapamil deose-response:

The influence of cummulative doses of verapamil on the
contractile force of the frog heart was examined at different frequencies.
One 1M of verapamil led to a significant decrease in the cardiac force
(Fig.3) The lowering in the cardiac force increased with increasing of
verapamil concentrations until it reaches its maximal effect at 10 uM at
all the stimulation frequencies applied, 0.2, 0.4, 0.6 & 0.8 Hz (Fig.3a-d).
Adrenaline and contractility:

To evaluate the influence of adrenaline on the regulation of force
of contractions in the myocardium of the catfish and of the frog at
different frequencies, the variations of contractile force; rate of
contraction, dffdt; rate of relaxation, -dffdt and time to peak tension, TPT
with adrenaline werc studied. Fig. 4A shows that the contractile force
decreased with increasing of the stimulation frequency in the
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myocardium of the fish (Fig. 4A) and of the frog (Fig. 4B). Adrenaline
(4 uM/L) caused an increase in the contractile force developed at
different frequencies in the fish myocardium, but its effect decreased
with the increasing of frequency (Fig. 4A). The cffect of adrenaline on
the df/dt (Fig. 5A) and on the — df/at (Fig. 6A) was similar to the effect
on the contractile force, whereas it had a negative inotropic effect on the
TPT at different frequencies (Fig, 7A). Also, the effect of adrenaline on
TPT decreased with increasing of the stimulation frequency as happened
with the contractile force, dfdt and — df/dt, Thus, there is a significant
correlation (t=2.1) between force and both df/dt and — dfidt. As shown
in Table 1, increasing of extracellular Ca®* had a positive inotropic

effect on the increasing of the contractile variables caused as a result of

The influence of adrenaline (8 uM) on the contractile variables
developed at different frequencies in the frog myocardium (Fig. 5B, 6B
and 7B.) was similar to that on the fish myocardium. In contrast to that
in the fish myocardium, adrenaline had a positive inotrogic effect on the
TPT (Fig. 7B). As in the fish myocardium, 2.5 mM Ca*" had a positive
inotropic effect on the increased contractile variables caused by
adrenaline (Table 2). It should be noted that the effect of adrenaline on
the contractility of both animals was similar at 0.2 Hy, However the
influence of adrenaline on the contractile force was higher in the frog
myocardium at 0.2 Hz and lower at 0.6 and 0.8Hz than that of the fish
myocardium respectively.

Caffeine and contractility:

The next question addressed was the influence of caffeine on
contractility to explore the role of the SR in the excitation- contraction
coupling (E-C coupling) at different frequencies. In a seres of
experiments, the effect of caffeine (8.0 mM) on the contractile variables
produced at the different stimulation rates (0.2, 0.4, 0.6 and 0.8 Hz) in
the myocardium of both animals was examined. Caffeine (8.0 mM),

effect of caffeine on the dffdt and — dffdt in the fish heart (Fig SA, 6A)
and on the frog heart (Tig. 5 B, 6B) was similar to the effect on the
contractile force. In the fish heart, caffeine had a positive inotropic effect

negative (Fig. 7A). Also, in the frog heart caffeine had a positive
inotropic cffect on TPT at a stimulation rate of (0.4, 0.6 and 0.8 Hz but
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this effect was negative at 0.2 Hz (Fig. 7B). It should be pointed out that
the effect of caffeine on the contractile variables was higher in the frog
than that in the fish heart at all frequencies applied. Also, the influence
of adrenaline on the contractility in the fish heart was higher than that of
caffeine at a stimulation rate of 0.2 and 0.4 Hz whereas, in the frog heart
the influence of caffeine on contractility was higher than that of
adrenaline at all frequencies applied except at 0.2 Hz, it was similar.
Verapamil and Contractility:

The influence of verapamil on the contractile force, df/dt, - df/dt
and TPT in the cardiac muscle of the catfish and the frog was also
studied to investigate the role of the transarcolemmal Ca®' in the
regulation of force at different frequencies. Verapamil led to a
significant decrease in the cardiac force of the catfish (Fig. 4A) and of
the frog (Fig. 4B). This decreasc was increased with increasing of the
stimulation rate in the heart of both animals. The cffect of verapamil on
the dffdt (Fig. SE) on the -dffdt (Fig. 6A) and on the TPT (Fig.7A) in the
fish heart was similar to the effect on the contractile force, except at a
stimulation rate of 0.2 Hz, the decrease in the contractile variables
caused by verapamil was insignificant. Whereas, the effect of verapamil
on the df/dt (Fig. 5B) on the — dfidt (Fig. 6B) and on the TPT (Fig. 7B)
in the frog heart was similar to the effect on the contractile force (Fig.
5B). It should be noted that the effect of verapamil on the contractility in
the frog heart was higher than that in the fish heart.

DISCUSSION

This study shows that the contractile variables (contractile force;
ratc of contraction, dffdt; rate of relaxation, -df/dt) and time to peak
tension, TPT developed in the catfish and the frog hearts at different
stimulation rates were increased by adrenaline and caffeine, whereas
thesc contractile variables were decreased by verapamil, also, in both
animals.

In ectothermic species such as rainbow trout (Gesser, 1996) as
well as in mammalian species such as guinea pig (Drake- Holland et al.,
1992), adrenaline stimulated the contractile force developed at a steady
stimulation rate. In agreement with these data, adrenaline had a positive
inotropic effect on the contractility in the cardiac muscle of both
animals. This increase in the catfish and the frog ventricles contractility
may be due to the contribution of the sarcoplasmic reticulum to the force
development, since it has been shown that adrenaline enhances the
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sequestration of calcium ions (Ca*) from the myocardial contractiie
proteins into the sarcoplasmic reticulum (Hasselbach, 1964) which
facilitates relaxation. It has been suggested by many authors that this
will increase the amount of caleium recirculated within the cell and
increase contractility (e.g. Boller and Pott, 1989). The findings that the

contractility at the physiologically relevant frequencies i.e. above 0.2 Hy
seems to be of less importance. In accordance with this, the catfish
exhibits a rest potentiation of force (EL-Sayed, 1994 b) which is thought
to be a sensitive indicator of the function of the SR (Bers, 1985) at a
lower stimulation rates. In supporting of this suggestion, the contractile
foree correlates with the dffdt despite an insignificant decrease in “active
state” (TPT) at a stimulation rates of 0.2 and 0.4 Hy, However, the
positive inotropic effect of adrenaline on the contractile force in the
catfish was higher than that in the frog heart at higher stimulation rates

force in the amphibian heart is of little importance (Chapman, 1983).
Experiments with intact cells (EL-Saycd, 1994) and with the SR

Meissner, 1989) indicate that caffeinc is thought to affect the regulation
of the cardiac force by activating the sarcoplasmic reticulum Ca2”
release channel and thus prevent the SR from accumulating Ca®", leading
to a decreasc in the contractile force of the cardiac muscle. This seems
to be true for the catfish heart when stimulated at unphysiologically
frequencies, e, below 0.2 Hz (El-Sayed, 1994 b). However, the
situation is the exact opposite at physiologically relevant frequencies, i.e,
above 0.2 Hz, since it has been found (in the present study) that caffeine
caused a highly significant increase in the contractile variables of the
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ectothermic species such as turtle (Lewartowski et al., 1984; Driedzic
and Gesser, 1985).

The results obtained for the frog and the catfish heart indicate
that verapamil, which is extensively used as a blocker of surface
membrane Ca® channel (Ponce-Homos et al., 1990) had a highly
significant negative inotropic effect on the contractility of both animals
at the different stimulation rates examined. These results are similar to
that obtained for the mammalian species such as rabbit and dog (Ponce-
Homos et al., 1990), in which the force attained at a steady state
frequency is a sarcolemmal Ca®* dependence (Bers, 1985). The finding
that this effect of verapamil on the contractility was not recovered by the
increased extracellular Ca®” (2.5mM) suggests that the contractility in
both animals developed at the all stimulation frequencies examined
depends on the sarcolemmal Ca®" fluxes.

In conclusion, the positive inotropic effect of adrenaline and of
caffeine on the contractility developed at all stimulation frequencies
applied in the myocardium of the catfish (Clarias gariepinus) and the
frog (Bufo regularis) indicate that the regulation of the cardiac force in
thesc animals may depends on the Ca®" flux across the sarcolemma. In
supporting of this suggestion, verapamil, an inhibitor of the sarcolemmal
Ca”" channels, had a negative inotropic effect on the cardiac contractility
of both animals. It should be noted that the negative inotropic effect of
verapamil on the frog heart was higher than that on the catfish heart.
This finding strongly suggests an involvement of the sarcolemmal Ca®*
fluxes in the regulation of the force development in the frog myocardium
at all stimulation frequencies applied.
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Table I: Effect of adrenaline, of caffeine, of verapamil and of 2.5 mM extraceilular
Calcium on force,dft dt, - dNdt and TPT in the ventricullar preparation of the
catfish

Control -~

Frequency 0.2 Hz 04He . 0.6 Hz 0.8 Hz

= e Ca_ | Ca™ Ca™ Ca”

irce change (%) | 1035 | 1627 82£3 1049 7656 | 885 5846 | 69+4

|_dfidt change (%) | 10223 | 16447 | 77£7 | 9323 | 7145 | 8323 | 5647 GE

-4l dt Chang (%) | 11122 | 171266 | 744 | 9323 | 7734 | 9153 | 608 | 6747
| _IPT change (%) 9124 | 111200 | 7747 789 59=3 6154 5546 56=3
Adrenaline
equency 0.2 Hz 0dHz
0 Ca™ Ca® R Tl
Torce chznge (%) 12324 137£5 11729 13324 | 8634 9329 613 69+6 |
_dfidtchange (%) | 11955 | 13226 | 110+11 | 12438 | 7623 | 95:4 | 5exd 6245 |
-0ff dt change (%) | 11945 13256 | 111210 | 13645 73£3 5845 6926 T7ET
|_TPT change (%) | 8846 | 10122 | 73:8 | 7540 | 564 | 5824 | 5616 | 5556
Caffeine a :
Fr 0.2 3z 3 0.4 Hz 0.6 Hz. 0.8 Hz N
Ca'" Ca™ Ca® [
| Forcechange (%) | 11842 | 1305 | 07:7 | 10146 | 85e3 | 11723 | 7223 | 8543
| dfidt change (%) | 11344 [ 12927 [ 9187 | 10247 | 7843 | 8943 | 6452 | 6622
-dff dt change (%) 11153 127+6 8349 9519 §1=1.0 931 65:1.0 | 7342
__ TPTchange (%) | 98%4 | 1107 | 8028 | 85:8 | 6322 | 6426 | 5041 | 41e1
Verapamil

0.8 Hz
A

Frequency | 020z 0.4 H 0.6 Hz 08tz
Ca*" Ca™ Ca™ T Ca’’

Forcechange (%) | 8622 [ 107410 | 7332 | s4=2 | s34 | 8503 | d6is | 5755
dfidt change (%) | 10143 | 115s5 | 73=1 | 842 | 30¢2 | 8543 | 5026 | 316
-dff dt change (%) | 110+5 | 12486 | G0=2 | 6342 | &5ts | 854 | 4926 | s63

L_TPTchange (%) | 9549 | 8825 | G2 | 5344 | 80i4 | so=6 | a2z6 | s4e7

Four preparations from cach ventricle were run in parailel at 0.2 Hz and at 15°C where the
force was allowed to stabilize. After stabilization, the stimulation frequency was continued at
0.2 Hz in one series of experiments and was increased to either 0.4, 0.6 or 0.8 Hz in another
series of experiments. After stabilization at the new stimulation frequency, the first preparation
was exposed 1o 4 uM of adrenaline , the second t0 8 mM caffeine, the third to 10uM verapamil
whereas the fourth preparation was maintained at control conditions. 10— 15 minutes after
these changes, the four preparations were subjected 10 2.5 mM Ca,>
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Table 2, Effect of adrenaline, of caffeine, of verapamil and of 2.5 mM extracellular
Caleium on force,d [ dt, - dfidt and TPT in the ventricullar preparation of the

Frog.
Control
Frequency 0.2 Hz 0.4 Hz 0.6 Hz 0.8 Hz
(5 AR B DO I A WO 7]
Force change (%) | 10523 | 13247 80+£5 11120 61=2 7543 4343 | 629
dffdt change (%) | 11346 132+7 8246 11028 65+2 73+4 4725 | 6629
-dff de change (%) | 11052 | 135%6 | 78%6 | 1036 | Gle2 | 7242 | 5133 | 6625
FPY change (%) 9345 10210 724 766 65+3 684 6024 82£2
Adrenaline
_ Freg 0.2 Hz 0.4 Hz 0.6 1z 0.8 11z
i (o7 ) 0 i Ca™
_Force change (%) | 123+7 14148 1304 | 160+13 7743 9745 T3+6 | 89412
dfidt change (%) 11745 130=6 | I11=01 | 13545 845 10642 | 6936 | 95:10
| -df/ dt change (%) | 1117 _ #5 | 11046 | 1412d | 8822 | 9843 | 77¢9 | 9424
|_TPT change (%) | 100411 | GOE5 | 69+1.0 | 7645 | 77210 896
Caffeine
Frequency 0.2 ¥z 0.4 Hz 0.6 Hz 0.8 1z
| ) Ca” Ca’ Ca™ Ca”
| Force change (%) | 12827 | 1440 | 14085 | 16258 | 8953 | 105%2 | 39s5 | 807
dfidt change (%) | 11855 | 1d0e4 | 13137 | 15125 | 00k2 | 103:2 | 4825 | 60=7
-dff de change (%) | [11=4 13043 140+8 156:8 9348 11042 5043 62§ |
APT change (%) | 81=1.0 813 7547 584 7642 79x7 743 T4+9
Verapamil
Frequency 0.2 Hz 0.4 Hz 0.6 Hz 0.8 Hz
I e PRI (1 ! R I Ca™ Ca®
Force change (%) 7542 906 5242 | 6135 | Six§ 69+2 35+2 | 49+6
dffdt change (%) 8347 96:8 5443 7123 30+6 78+7 402 | 514 |
-dff dt change (%) | 8138 948 6846 737 5545 8045 4123 | 5227
_TPchange(%) | 8587 | 79%#5 | 5948 | 5526 | 55210 | 70:10 | 5324 | 6123

Four preparations from each ventricle were run in paraliel at 0.2 Hz and at 15°C
where the force was alfowed to stabilize. After stabilization, the stimulation frequency
was continued at 0.2 Iz in one series of experiments and was increased to either 0.4, 0.6
or 0.8 Hz in another series of experiments. After stabilization at the new stimulation
frequency, the first preparation was exposed to 4 uM of adrenaline , the second to 8 mM
caffeine, the third to 10uM verapamil whereas the fourth preparation was maintained at
10— 15 minutes afler these changes, the four preparations were
subjected to 2.5 mM Ca,>

control conditions.
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Fig.7. The influence of adrenaline { @ ), caffeine (A ) and verapamjl (e ) on the time to peak tension
(TPT) developed at different stimulation frequencies (0.2, 0.4, 0.6 and 0.8 Hz) in the catfish (A) and the
frog myocardium (B). The changes in TPT were normalized to the stimulation rate of 0.2 Hz before
addition of any interventions. n=6.



