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SUMMARy

This Study wyg Conducted ¢, €Xamine the jpp nce of adrenaline,

caffeine ang Verapamil on the cardiac Contractility in the Ventricular

Tespectively. ¢ eine ) increaseqd C post-rest decay in the
cardiac Contractility iy the frop Ventricular tissue, Whereas j; was
transform Post-rest Potentiation IO post-rest decay in the

regulation of the cardige contractility developed aftera 5 Mminutes of rest.
Key words. Effects of Adrenalipe, Caffeine & Verapamiy, On The Cardiae,
Conlratﬁlily.

IN TRODUCTION

The role of the sarcoplasmjc reticulum (SR) in the cardiac
contractiljty seems o vary among different ectothermie Vertebrate
Species  (Tibbits et al. 199;. Driedzic and Gesser, 1994; EL-Sayed,
1997). g is Probally smay in amphibiang (Chapman, 1983) but
significant i, the ventricular tjsgye of the cat fishes, Clarias lazira, (gL .
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Sayed, 1994). The cardiac SR of the frog appears to be ultrastructurally
less developed (Page and Niedergerk, 1992; Mcleod et al. 1991) than
that of the Clarias lazira myocardium (EL-Sayed, 1994). Furthermore,
isolated - ventricular tissue of Clarias lazira differs from that of frog in
displaying a post-rest potentiation, which is strongly reduced by
ryanodine.and caffeine (EL-Sayed 1994). Thus, it is believed that the
SR participates in the excitation-contraction coupling. Also, it has been
illustrated that the SR in the trout myocardium has a role in the
regulation of the twitch force (Gesser, 1996). Ryanodine and caffeine
specifically inhibits the function of the SR by interfering with the
opening mechanism of its Ca> channels. The function of the myocardial
SR in the living Clarias is still unclear. It does not seem important at
stable pacing [requencies within the physiological range (EL-Sayed,
1994). but it participates in the regulation of the twitch force at
unphysiologically low rates of stimulation. However, studies on frog
suggest that the cardiac SR is sparsely developed in comparison to that
in birds and mammals (Sommer and Johnson, 1969) in which the E.C
coupling is very SR dependent (Stemmer and Akera, 1986). Also, it has
been reported that the cardiac SR of frog may function as a mediator for
different hormones and hormone — like substances (Niedergerke and
page, 1989). Adrenaline is of obvions interest in this respect. It increases
myocardial contractility (Briickner et al., 1985; Drake — Holland etal,
1992; keen etal., 1993) by a number of mechanisms. In mammals, the
cellular uptake of Ca®* is increased (Cammelict and Veerccke, 1969) as
well as for the flounder (lennard and Huddart, 1989) and trout myocardia
(Gesser, 1996).

The importance of the sarcolemmal Ca* transport systems in the
control of cardiac contractility seems to vary among different vertebrate
species. In teleost the cardiac sarcolemma appears to be less developed
compared with that of mammals according to ultrastructural studies
{Gabella, 1978). In rabbit ventricular tissues, the force developed upon
the first stimulation after the rest interval was found to be less dependent
on the sarcolemmal Ca®" influx and more sensitive to interventions with
the SR function than the force attained upon the subsequent stimulations
(Bers, 1985). The cardiac excitation — contraction coupling in the clarias
is highly SR dependent when the heart paced to contract at
unphysiologically rates of frequency (5 min. rest), whereas, the
sarcolemmal calcium channel also contribute in the regulation of force at
that frequency, particuly evident as a post rest potentiation; which is
reduced by verapamil, an inhibitor of sarcolemmal Ca®' channel, (EL-
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Sayed, 1999). In amphibjan myocardium, the development of the twitch
force after rest interyals may relates to the Ca? sgquesu'ation by the SR,

rest to ex ction of the € sarcole in the
regulation of the cardiac contractility i thege
MATERIALS and METHODS

Catfish, Clarigs Iazira, Weighing 100 - 200g, of both sexes were
kept in freshwater tanks at room temperature for about 3 weeks. Frogs,
Bufo regularis, of both sexes Were captured during Jupe and July
monthes from farms near to Sohag city and Were transported to Zoology
departmen at the faculty of Science (Sohag) where kept in terraria wigp
the Possibility 1o dwell in Water. The fishes were killed by decapitation,
while the frog by a blow on the head. Thep the heart wag removed whjje
still beating ang placed in gp ice-cold physiologjcal ringer Solution,

€ standard physiologica] solution fpr the fish and frog

contained jp mM : Na () 125, KC1 2.5 CaCl, 1.25, Mg Soy 0.94, NaH,

Poy |, NaHCo; 15, and glucose 5.Tpe solution was gassed by a gas

Mixing PUmp (Wosthofr | M30l/a.t). The gas mixture Contained 999,

O, and 19 Coy for both ﬁshandﬁ-og. The €Xperimenta] emperatyre
th are

exgen'menls the Composition as calcium wag altered. The desired
Ca™ wag obtained by the addition of appropriate amoypgs of IM Ca J,,
Adrenalina_ tartrate anq Verapamil ( Sigma) were dissolved jp distilled
Water 10 10 mapyp. and kept frozen (-18C) in Suitable portions, Caffeine
(sigma) was added as pPowder.,

For the recording of the contractility, the upper end of the
Preparation g connected wip surgical silk a force ranceducer
(Grass FT 03). which Was connected a recorder (Grass mode] 79G).
The Jower end was tied Onto one of the Platinum Stimulation electrodes.
The other electrode wag Placed in the solution jyst above the Preparation,
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The preparation was stimulated to contraction by electrical square pulses
having a duration of 5m sec. and a voltage 1.5 — 2 times the threshold for
full contraction. The distance between the two points of fixation could
be adjusted with amicrometer screw and the preparation was stretched
to produce maximal twitch force. Then the length of the preparation was
7- 15 mm whereas its thickness never exceeded 2mm.

After the initial adjustments, each preparation was left at 0.2 Hz
for about 30 minutes for stabilization before further intervention. The
force values measured in the subsequent part of the experiment were all
normalized (%) to the twitch force recorded at the end of these 30
minutes.

To examine the effect of adrenaline, caffeine and verapamil on
the contractility afler rest interval of § minutes, four strips from each
ventricles were run in parallel at a stimulation rate of 0.2 11z for about 30
minutes. After stabilization of force, the first strip was exposed to 4
UM/L  of adrenaline in fish and 8uM in frog, the second strip was
exposed to 8 mM caffeine in both fish and frog, the third was exposed to
10 uM/L verapamil in both animals, whereas the fourth was maintained
at control conditions. 5 — 10 minutes after these changes, the stimulation
rate at 0.2 Hz was intrupted by rest intervals of 5 minutes with one
concluding stimulation. After these interventions, the four strips were
exposed to 2.5 mM Ca™ to investigate the influence of the increased
extracellular calcium on the contractility after the 5 min of rest in both
fish and frog hearts.

The results are presented as mean + SD. Significances were
tested with student’s t—test for either paired or unpaired samples. The
limit of significance was set at P<0.05; n indicates number of pairs of
fishes and frogs.

RESULTS

The cardiac contractility developed after rest interval of 5
minutes in the catfish and the frog was examined under the influence of
adrenaline, caffeine and verapamil to examine the role of the SR and
sarcolemma in the regulation of contractility. Fig. 1 shows that the
cardiac contractility afler 5 minutes of rest in the catfish (Clarias lazira)
increased relative to that at steady state at 0.2 Hz, i.e. it cxhibits a post-
rest potentiation, whereas it decreased i.e. it exhibits a post-rest decay in
frog ventricular tissue (Fig.2). Increasing of Ca, from 1.25 t0 2.5 mM
led to increasing of the cardiac contractility in the catfish (Fig. 1) and to
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myocardjym (Fig. 1), Whereas j; removed the decay ip, the Contractile
2 : 3 ).

As shown in Fig 7 and Fig8 the time to Peak tension (TPT)
developed after s Minutes 4 Test in the figh and frog myocardia
increased relative ¢, that ataslimu]au'on rate of 0.2 H,,. HOWever, the

- %

Potentiation j, TPT was higher in 0, in fish myocardiym

renaline removed the Potentiation i, TPT j (Fig.8) ang
mereased that i gy cardiac mysefe unsignificantfy (Fig. 7). 2 S mM
% Increased the Potentiation of the TPT adrenaline ip the
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2.5 mM Ca, removed the decay in the df/dt and — df/dt gained by
caffeine in the cardiac muscle of both animals (Fig. 3, I'ig. 4, Fig. 5 and
Fig. 6).

The post-rest potentiation in TPT was transformed into a decay
in the fish (Fig. 7) and was removed in the frog cardiac muscle (Fig. 8)
by application of 8mM caffeine. Extracellular Ca, (2.5 mM) removed
the decay in TPT in the fish myocardium and turned it into an increase
(Fig. 7). In the frog myocardium, the removal in TPT caused by caffeine
was tumned into an increase as aresult of addition of 2.5 mM Ca,, also
(Fig. 8).

Verapamil and Contractility:

Verapamil, an inhibitor of the sarcolemmal Ca®' channel, was
used in the present study to explore the role of the sarcolemmal Ca* in
the regulation of the contractility in the teleost and amphibian
myocardia. Verapamil (10uM/L) transformed the potentiation in the
cardiac twitch force developed after 5 minuts of rest in the fish into a
decay (Fig.l) which was turned into an increasc by 2.5 mM Ca,.
Whereas, in frog cardiac muscle verapamil decreased only the post-rest
decay of the twitch force. Also, as in the fish myocardium, 2.5 mM Ca,
tumed this decay into an increase (Fig. 2).

In the fish myocardium the post-rest potentiation in df/dt and in —
dffdt was transformed into a decay by verapamil, and this decay was
recovered by 2.5 mM Ca, (Fig. 3 and Fig. 5). Application of 10 uM
verapamil only decreased the post-rest decay in the dffdt and — df/dt by a
similar value in the frog myocardium. This decay in df/dt and — dfidt
was tumed into an increase by 2.5 mM Ca, (Fig. 4 and Fig. 6).

The post-rest potentiation in TPT was increased unsignificantly,
in the fish myocardium, and transformed into a decay in the frog
myocardium by verapamil (Fig. 7 and Fig. 8). Both increasing and
decay in TPT of fish and frog myocardium were recovered and turned
into an increase by 2.5 mM Ca, (Fig. 7 and Fig. 8).

It should be noted that the negative inotropic effect of caffeine
and verapamil on the cardiac contractility was higher in frog than that in
fish. However, adrenaline increased the post-rest potentiation of
contractile variables in fishes but, it decreased the post-rest decay in
frog. Also, in frog myocardium, caffeine increased the post-rest decay
of force, dffdt and — df/dt more than that of adrenaline and verapamil.
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DISCUSS]ON

IS decreaseq b naline and Verapamil (ap inhibitor of the
sarcolemma] 52+ ;
Adrenaline enhapceg the sequestration of calcium jons, g2+

from myocardia] contractile protejng into the sarcoplasmjc reticulum
(Hasselbach, | 964), which facilitates relaxation, |y has been Suggested
by many  authorg that thig wil] increase the amount of calcium

2 gativ
effect on the cellular Na* balance, [t g known thap adrenaline Stimulates
the Na* . g+ Pump (Pecker ez o7 1986), and jis Strong inhibitiop of the
Positive inotropic effect of an elevation of frequcncy may consist of
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counteraction of a cellular accumulation of Na™. In support of this
suggestion, the Na“ withdrawal, contracture of the frog heart was
diminished by adrenalinc (Chapman and Tunstall, 1983). This effect
may be exercised via Na'™~ Ca®* exchange, and consequently the amount
of Ca®" entering across the sarcolemma during excitation. Thus, it seems
that the sarcolemmal Ca®" transport contributes in the regulation of
contractility in the frog heart. This is supported by the correlation
between the effect of adrenaline on the twitch force and the rate of
contraction (df/dt).

Caffeine, an inhibitor of the SR function, transformed the post-
rest potentiation of contractility developed afler 5 min. ofrest in the
cardiac muscle of the fish into a post-rest decay. These findings agree
with that obtained in many vertebrate species (Hove — Madsen, 1992)
and also with that shown in the previous studies (El-Sayed, 1994). This
reaction is believed to reflect an involvement of the SR in the E-C
coupling and are also seen for rat cardiac muscle in which the E-C
coupling is very SR dependent (Stemmer and Akera, 1986). However,
the situation is different for the cardiac muscle of the frog where caffeine
lead to highly significant increase in the post-rest decay of contractility.
[t seems that the contractility in the frog myocardium does not depend
on the SR, even the negative inotropic effect of caffeine on the
contractility. This conclusion is strengthened by the finding that the
force developed after 5 min. of rest tended to decay relative to that at
0.2 Hz.

The results obtained for the fish (Clarias lazira) indicate that
verapamil, an inhibitor of the sarcolemmal calcium chammel (Devlin
1993), had a negative inotropic effect on the contractility (post-rest
decay). It has been claimed that verapamil decreased the developed
force, rate of contraction and the rate of relaxation in the mammalian
myocardium (Ponce — Homnos etal, 1990). Also it is known that the
sarcolemmal calcium channel mediates the transport of calcium from the
extracellular space (Reuter, 1983) and this calcium is responsible for the
activation of the contractile proteins and thereby the contractile force.
The verapamil action probably involves aninhibition of this
transarcolemmal calcium influx via the calcium channel. Thus, the post-
rest decay in the contractility of the Clarias lazira caused by verapamil,
in the present study, may be due to the impairing or reducing of calcium
entry via the calcium channel which stimulate the contractile proteins.
So, it can be concluded that the transarcolemmal Ca>* channel has to
some extent a role in the cardiac E-C coupling in the Clarigs lazira
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Sarcolemma viy Na™_Ca2 exchange, s} has a negatiye inotropjc effect

on the contractility, Again, thig Suggestion jg Supported by the finding

L verg il, a Specific inhibitor of the sarcolemma] g2+ channe|
dcgreased 4 post-rest decay which is femoved by 2 5 mM extracellular
Ca*
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Dirvect recording of the changes in force developed after 5 minutes of
rest under the effect of adrenaline, caffeine, verapamiland 2.5 mbi
extracelluiar Caltium in the ventricullar tissues of frog (4) and Catfish
{B). hrrows indicate sfart of addition of the different treatments,
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Verapamij

differeng condiﬁons, control( &5), contro) + 25 mMm Ca2+

(& )4u M/L adrenalipe (B3 ), 4u m M/, adrenaljpe + 25 mMm Ca 2+
(), 8mMm caffeine ( By ), SmM caffeine + 3 5 mM Cg 2+

( B ), 10u My, verapami| (B3 ) and 10 umyg, Verapamij + 2.5mMm Ca
*2. (g ), n=g, 341
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Fig.2: Changes in the contractile force of the frog cardiac muscle
after 5 minutes of rest with one concluding stimulation under
different conditions. Experimental protocol as in Fig.1, except the
concentration of adrenaline, it was 8 uM/L.. n=6.
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Fig. 4. Influence of adrenaline, caffeine and verapamil on the
changes in the rate of contraction (df/dt) developed after 5
minutes of rest in the frog cardiac muscle. Experimental portocol
as in Fig.1. n=6.
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Fig.6. Changes in the rate of relaxation (-df/dt) of the frog
myocardium after 5 minutes of rest with one concluding
stimulation under different conditions. Experimental protocol

as in Fig.1.

n=6.
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Fig.8. Effect of adrenaline, caffeine and verapamil on the changes
in TPT after 5 minutes of rest in the frog heart. Experimental
protocel as in Fig.1. n=6.
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