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SUMMARY

The influences of adrenaline, verapamil, adrenaline combined together
with verapamil and verapamil combined together with adrenaline on the
cardiac conftractions developed after 5 minutes of rest in the ventricular
tissues of the catfish (Clarias gariepinus) and frog (Bufo regularis) were
studied. The effect of extracellular caleium on the cardiac contractions
was also investigated. Adrenaline led to an increase in the rest
potentiation and to a decrcase in the rest decay of force, rate of
contraction (dfidt) and the rate of relaxation (-df/dt) developed after 5
minutes of rest in the myocardium of the catfish and frog, respectively.
Verapamil transformed the post-rest potentiation of contractions into a
post-rest decay in the myocardium of catfish whereas; it decreased the
post-rest decay in the myocardium of frog. Adrenaline combined
together with verapamil increased the post-rest potentiation and the post-
rest decay of contractions in the myocardium of the catfish and frog
respectively. Verapamil combined together with adrenaline increased the
post-rest potentiation ol contractions in the myocardium of the catfish.
However, this increase was greater than that caused under the effect of
adrenaline combined together with verapamil. In the frog myocardium,
verapamil combined together with adrenaline transformed the post-rest
decay of contractions into a post-rest potentiation. Increased
extracellular Ca®™ (2.5 mM) caused an increase in the post-rest
potentiation of contractions in the catfish myocardium and transformed
the post-rest decay of contractions into a post-rest potentiation in the
frog mycardium Thus, it can be concluded that the cardiac sarcoplasmic
reticulum of the catfish seems to support force development during
adrenaline dependent after rest intervals, whereas the cardiac
sarcolemmal Ca®' channels appears (0 have a role in the force developed
after 5 minutes of rest in the frog heart.

Key Words: Sarcoplasmic  Reticulum, Sarcolemma, Adrenaline,
Verapamil, Cardiac force, Catfish, Frog.

INTRODUCTION

Excitation-contraction (E-C) coupling and calcium cycling in
cardiac muscle are, as yet, poorly understood. This is due, in part, to the
lack and limitation of specific agents that inhibit or interfere with the
specific mechanisms involved in Ca®” movements. Tt has been reported
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thal there are two major sources of Ca™ that can participate in E-C
coupling namely SR Ca’" release and sarcolemmal Ca®™ influx (Macleod
and Bers, 1987). Knowledge of the precise mechanisms of action of the
agents, which stimulate or inhibit these two sources. is crucial to their
use in understanding of E-C coupling.

In cardiac muscle, ryanodine specifically inhibits the function of
the SR by interfering with the opening of its Ca’" channels (Gesser,
1996). Ryanodine also increases Ca”" accumulation by Cardiac SR
(Jones et al., 1979). Ryanodine may also increase a leak of calcium from
the SR (Hilgemann et al., 1983). Meissner (1986) has also reported that
ryanodine can either block or enhance Ca®" loss from isolated SR
vesicles depending on specific conditions. In the catfish ventricular
tissue, the post-rest potentiation of the cardiac force increased with
increasing rest periods. These post-rest potentiations were removed by
10pM ryanodine (El-Sayed, 1994a). Afier a long rest period, the SR is
depleted of calcium, but resumption of stimulation will increase Ca
influx and progressively refill the SR. This will require net movement of
Ca® from the extracellular spacc into the cell and will decrease the
extracellular calcium (Macleod and Bers, 1987). Hilgemann et al. (1983)
used extracellular Ca-sensitive absorption dyes and found that ryanodine
increased the magnitude of the extracellular Ca”* depletions induced by
post-rest stimulation. These results were interpreted to suggest that the
SR became more depleted of Ca®* during rest due fo a leak in the SR
membrane induced by ryanodine. These results suggest that ryanodine
may inhibit SR Ca’ release and/or accelerate the loss of SR Ca™
responsible for the post-rest decay.

The role of the SR in the cardiac E-C coupling scems to vary
among cctothcrmic vertebrates (Tibbits et al., 1991; Driedzic and
Gesser, 1994). Tt is probably small in frog (El-Sayed, 2000 a) but
significant in tuna atrial tissue (Keen et al., 1992). The cardiac SR of the
catfish appears to be functionally more developed than that of the frog
myocardium (El-Sayed, 2000 b). Isolated ventricular tissue of the catfish
differs from that of frog in displaying a negative force-frequency
relationship, particularly evident as a post rest potentiation, which is
strongly reduced by ryanodine (El-Sayed, 1994a). In the catfish
ventricular tissue, the post-rest potentiation and its sensitivity to
ryanodine are influenced by temperature (El-Sayed, 1994a). The
function of myocardial SR in living catfish is unclear, howcver,
irrespective of temperature, it does not seem important at stable pacing
frequencies within the physiological stimulation range (El-Sayed,
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2000a). Studies on frog suggest that the cardiac SR may function as a
mediator for different hormones and hormone-like substances
(Niedergerke and Page. 1989). In this respect, adrenaline is of obvious
interest. It stimulates myocardial contractions (Briickner et al., 1985). In
mammalian cardiac muscle, adrenaline increases the Ca®* uptake and
release by the SR and then it activates the function of the SR (Boller and
Botl. 1989). Adrcnaline also increases the cellular calcium uptake in
poikilothermic vertcbrates such as flounder (Lennard and Huddart,
1989). Adrenaline may affect Na'-Ca®* exchange and consequently the
amount of Ca®* entering across the sarcolemma during excitation, or
released by the intracellular stores, like the SR. This is due to the fact
that adrenaline is known to stimulate the Na™ - K* pump (Pecker et al.,
1986). In the myocardium of the catfish, adrenaline slightly increases the
contractions developed after 5 minutes of rest suggesting that the SR
may contribute in the regulation of the cardiac force at low rates of
stimuiation. In the frog myocardium adrenaline decreases the post-rest
decay of contractions at the stimulation rate of 0.003 [z indicating that
the sarcolemmal Ca®" fluxes may support the cardiac contractions
developed after rest intervals (El-Sayed, 2000 a).

It is generally belicved that the sarcolemmal Ca®' influx plays a
key role in the excitation-contraction coupling. In cteleost heart,
contraction is though to depend more on Ca™* fluxes across the
sarcolemma at pacing rates of stimulation (Morad and Cleemann, 1987).
Tibbits et al. (1990) suggested that the transsarcolemmal Ca®™ fluxes are
a major mediator of the beat-to-beat regulation of cytosolic Ca®'
concentration in the salmonid heart. The catfish myocardium exhibits
rest potentiation of force after rest intervals of more than 30s (El-Sayed,
1994a). Verapamil, which inhibits the sarcolemmal Ca*" transport
(Devlin,  1993) inhibits this rest potentiation indicating that the
sarcolemmal Ca®' influx may contribute to rest potentiation (El-Sayed,
2000 a).

The myocardium of the frog exhibited a positive staircase i.e. the
cardiac force increases with the increasing of the stimulation rates
(Driedzic and Gesser, 1985). Furthermorc the frog ventricular tissue
exhibits post-rest decay of force after S minutes of rest (Ll-Sayed, 2000
a), a phenomenon that relies on the Ca’ transported through the
sarcolemmal Ca®' fluxes. Verapamil, an inhibitor of the sarcolemmal
Ca™ channel, decreased this post-rest decay (El-Sayed, 2000 a).

The calcium necessary to support the cardiac contraction in most
ectothermic animals is derived from the extracellular space (Morad and
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Cleemann, 1987). The sarcolemmal Ca?' channel mediates the transport
of calcium from the extracellular space (Reuter, 1983) and this calcium
is responsible for the activation of the contractile system and thereby the
cardiac contractions. Thus, the verapamil action may involves an
inhibition of this transsarcolemmal caleium influx via the Ca®* channel.

The aim of the present study was to evaluate the rest-potentiation
of contractions in the catfish (Clarias gariepinus) myocardium and rest-
decay of cardiac contractions in the frog heart (Bufo regularis) with
respect to SR and sarcolemma dependence and influcnces of the
interactions between adrenaline and verapamil.

MATERIALS and METHODS

Animals:

Catfish (Clarias gariepinus) of both sexes were obtained from a
canal near to Sohag City and held in fresh water tanks at 10-15°C. Frogs
(Bufo regularis) were kept in terraria with the possibility to dwell in
water. These animals were fed regularly. Both animals were collected
during June and July.

Experimental Preparations:

Ventricular preparations of approximately 1 mm diameter were
mounted for isometric recording of contractions as previously deseribed
(El-Sayed, 2000 ). The preparations were initially stimulated .at
12contraction min.” and stretched until Peak force did not increase any
[urther. Afler stabilization at 0.2Hz for about 30 minutes, each
preparation was cxposed to resting period of 5 minutes.

Bathing medium:

The bathing medium for the hearts of the catfish and frog
consisted of (in mM): NaCl 125, KCl 2.5, CaCl, 1.25, Mg SO, 0.94,
NaH,PQ, 1, NaHCO; 13and glucose 5. The medium was equilibrated
with 1% Co; and 99% O, by gas mixing pump (Wosthoff 1M 301/af).
The pH of the media for both animal was 7.5. The experimental
lemperature was 20 £ 0.5 (Cole-parmer OT 286/16, USA).

Drugs:

Both adrenaline--tartrate (Sigma) and verapamil (Sigma) were
cach dissolved in distilled water to 10 m mol/I.” and kept frozen (-20°C)
in suitable portions.

Experimental protocol:

Two independent experiments were conducted. The first

experiment was conducted to evaluate the influence of adrenaline,
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verapamil  and adrenaline combined together with verapamil on the
cardiac contractions (Force, rate of contraction “df/dt”, rate of relaxation
“-dffdt™) and time to peak tension “TPT” of both catfish and frog
developed afier 5 minutes of rest. Four preparations from each ventricles
were run in parallel at a frequency of 0.2 Hz for about 30 minutes. After
stabilization, the first sirip was exposed to adrenaline, the sccond strip
was exposed to verapamil, the third strip was exposed to adrenaline for
about 10 minutes. then it was subjected to verapamil, whereas the fourth
strip served as control in both animals. Five to ten minutes later, the
stimulation rate of 0.2 Hz was interrupted by 5 minutes of rest with one
concluding  stimulation. In the second experiment, the above
experimental protocol was repeated except the third strip was subjected
to verapamil first. then it was exposed to adrenaline, in both animals
also. Alter these changes, the four strips in both experimental protocols
were exposed to 2.5 mM extracellular calcium.
Data analysis:

The changes imposed by different treatments were normalized as
a percentage (%) to that stabilized at a frequency of 0.2 Hz before
addition of any treatments.
Data are expressed as means +S.D. The significance level was set to
0.05.

RESULTS

The contractions developed after 5 minutes of rest have
previously described in the myocardium of the catlish and frog (El-
Sayed, 2000 a). The effects of adrenaline and verapamil on the rest-
potentiation and the rest-decay were also studicd in the ventricular tissue
of the catfish and frog (El-Sayed, 2000 b). [t was important to
reinvestigate their influences in this work to serve as a control for the
effect of adrenaline combined together with verapamil,

Adrenaline and cardiac contractions:

Relative to the stimulation rate of 0.2 Hz. adrenaline increased
and decreased the rest-potentiation and the rest decay of the cardiac
force in the catfish and the frog. respectively (Fig. | and 2). Increasing
extracellular Ca®’ from 1.25 to 2.5mM led to a greater increase in the
rest-potentiation of force under the effect of adrenaline than that of the
control in the myocardium of the catfish (Fig. 1 and Table A). But it
removed the post-rest decay of force and transformed it into a post-rest
potentiation in the myvocardium of frog (Fig. 2 and Table B). Morcover.
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the post-rest potentiation of force as a result of increasing extracellular
Ca’™ was higher with adrenaline than that with the control (Fig. 2 and
Table B).

As shown in Fig. 3,4 and Table A, B, adrenaline increased the
rest-potentiation and the rest-decay in the rate of contraction (dffdt) of
the catfish and the frog myocardium, respectively. Increased
extracellular Ca®™ (2.5 mM) increased the post-rest potentiation of dffdt
in the myocardium of the catfish to a value higher than that of control
(Fig. 3 and Table A). However, it transformed the post-rest decay of
dffdt in the myocardium of the frog into a post-rest potentiation (Fig. 4
and Table B).

Adrenaline increased the rest-potentiation of the rate of
relaxation (-dffdt) in the catfish myocardium (Fig. 5 and Table A).
whereas it slightly decreased the —d[/dt in the myocardium of the frog
(Fig. 6 and Table B). Like that of dffdt, 2.5 mM extracellular Ca®’
mcreased the rest-potentiation of the cardiac —df/dt in the catfish (Fig. 5
and Table A)and transformed the rest-decay in the cardiac —dfidt of the
frog into rest-potentiation (Fig. 6 and Table B).

As illustrated in Figs. 7; 8 and Table A; B, adrenaline slightly
increased and removed the rest-potentiation and the rest-decay in the
time to peak tension (TPT) in the myocardium of the catfish and the
frog, respectively. The rest-potentiation of TPT was increased by 2.5
mM Ca®' in the catfish heart (Fig. 7 and Table A), whereas the removal
of TPT with adrenalinc was transformed into rest-potentiation by 2.5
mM Ca” in the frog heart (Fig. 8 and Table B).

Verapamil and Cardiac Contractions:

In the myocardium of the catfish. verapamil transformed the
post-rest potentiation of force (Fig. 1), of the rate of contraction (Fig. 3),
of the rate of relaxation (Fig. 5} and of the time to peak tension (Fig. 7)
into a post-rest decay. These post-rest decays of contractions and of the
time to peak tension was transformed into a post-rest potentiation in the
presence of 2.5 mM Ca®' (Figs. 1, 3, 5 and 7; and Table A). But, in the
myocardium of the frog, verapamil decreased the post-rest decay of
contractions and of the time to peak tension (Figs.2,4.6and 8, and
Table B). As in the myocardium ol the catlish, 2.5 mM extracellular
Ca”" transformed these post-rest deeays into post-rest potentiations.
Adrenaline Combined Together With Verapamil and Cardiac
Contractions:

The results presented suggest that the post-rest potentiation, and
in particular its stimulation by adrenalinc in the catfish myocardium,
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depends on the SR. So, it was important to investigate the role of the
sarcolemmal Ca® channel in the E-C coupling after activation of SR
function by adrenaline. This was examined in scparate scries of
experiments in which adrenaline was added first for ten minutes then,
the ventricular preparation was exposed to verapamil. Adrenaline
combined together with verapamil led to an increase in the post-rest
potentiation ol the cardiac force (Fig. 1), of the dfidt (Fig. 3) of the —
dffdL (Fig. 5) and of the TPT (Fig. 7). Thesc post-rest potentiation of
contractions and of TPT was increased by 2.5 mM extracellular Ca>
(Figs. 1, 3, 5and 7, and Tabic A).

The present results suggest also that the sarcolemmal Ca®*
channel may have a role in the cardiac E-C coupling of the frog. This is
because the myocardium of the frog exhibited a post-rest decay of
contractions after rest intervals and verapamil only decreased this rest-
decay of contractions. So, it was necessary to examine the role of the SR
in the regulation of force by stimulating its activity with adrenaline. Like
that of the catfish cardiac muscle, the ventricular preparation of the frog
was subjected first to adrenaline for 10 minutes then verapamil was
added. Adrenaline combined together with verapamil caused an increase
in the rest-decay of force (I'ig. 2), a decrcase in the rest decay of the rate
of contraction (Fig. 4) and an increase in the rest decay of the rate of
relaxation (Fig. 6). Adrenaline combined together with verapamil
decreased  the post-rest potentiation of time to peak tension (Fig. 8). The
post-rest decay of foree (Fig. 2) of dffdt (Fig. 4) and of -dfdt (Fig. 6)
was transformed into a post-rest potentiation by 2.5 mM extracellular
Ca™. Also, 2.5 mM Ca™ increased the post-rest potentiation of TPT
(Fig. 8 and Table B).

Verapamil Combined Together With Adrenaline and Cardiac
Contractions:

It might be asked if the described effects of adrenaline combined
together with verapamil on the contractions and on the TPT devcloped
after 5 minutes of rest in the myocardium of the catfish and the frog may
depend on the sarcolemmal Ca®’ channel. This seems not be the case, as
scen in Lig. 1 to Fig. 8 and Table A and B, depicting the results of
another serics of experiments, which are similar to those of adrenaline
combined together with verapamil except that verapamil was added first
to inhibit the sarcolemmal Ca®' channel, then the ventricular
preparations were cxposed to adrenaline to stimulate the intracellular
Ca™" uptake by the SR. Verapamil combined together with adrenaline led
to a greater increase in the post-rest potentiation of the cardiac force
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(Fig. 1). of the rate of contraction (Fig. 3), of the rate of relaxation (Iig.
5) and ol the time to peak tension (Fig. 7) in the catfish. However,
verapamil combined together with adrenaline transformed the post-rest
decay of force (Iig. 2), of the rate of contraction (Fig. 4), of the rate of
relaxation (I'ig. 6) and of the time to peak tension (Fig. 8) into a post-rest
potentiation in the myocardium of the frog. Increased extracellular Ca*’
(2.5 mM) led to an increase in the incrcasced post-rest potentiation of
contractions and the time to peak tension which caused as a result of
application of wverapamil combined together with adrenaline in the
myocardium of the catfish and the frog (Figs. 1-8 and Table A and B).

DISCUSSION

The release of stored Ca® from the sarcoplasmic reticulum is
suggested not to be a major feature of the excitation contraction coupling
in the teleost heart and the Ca®' used to activate the tropomyosin is
predominantly of extracellular origin (Vornanen, 1989; Tibbits et al.,
1990). The most compelling evidence for this assertion is the lack of an
effect of ryanodine on contraction development. Ryanodine is a plant
alkaloid, which affects the SR calcium release channel such that the SR
can not supply Ca®” for tension development (Sutko and Kenyon, 1983).
Ryanodine does not affect tension development in isolated ventricular
strips from fish under conditions, which approximate those assumed to
exist in vivo (El-Sayed and Gesser, 1989). However, Ryanodine inhibits
the post-rest potentiation of force in the ventricular preparations of the
catfish suggesting that the SR may contribute in the regulation of the
cardiac force developed at the low rates of stimulation (El-Sayed.
1994a). These findings agree with the functional evidence that the SR is
well developed in the ventricular tissue of the catfish (El-Sayed, 1994b).
Al a steady pacing rate of stimulation, adrenaline enhances the cardiac
force in the atrial and ventricular tissues of rainbow trout. This effect
was not removed by rvanodine (Gesser, 1996), and seems not to depend
on the sarcoplasmic reticulum (SR). The situation was different when
the steady state of stimulation was interrupted by 5 minutes of rest in the
catfish myocardium (El-Sayed, 2000 a). As in mammalian cardiac tissue
(Drake-Hofland et al., 1992), adrenaline enhanced the post-rest
potentiation of contractions and time to peak lension in the catfish
ventricular tissue. This action of adrenaline seems to involve the
activation of the SR, as it was not removed by the interaction between
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adrenaline and verapamil which is known to inhibit the Ca®” transport
via the sarcolemmal Ca®* channel (Godfraind, 1987).

As ciled above, the Ca®" uptake by the cardiac SR is not the only
source for activation of the contractile proteins but also the extracellular
Ca® which flux through the sarcolemmal Ca®' channels used to support
the contractility in most cetothermic animals. The cardiac sarcolemma of
the teleost is  sparsely developed compared with that of mammals
according to ultrastructural studies (Gabella, 1978). Verapamil, a tertiary
amine, is usually used as an inhibitor of the sarcolemmal Ca’” channels
(Murad, 1991). Verapamil had a negative inotropic cffect on the
contractions of the mammalian hecarts (Ponce-Hornos ct al.. 1990) in
which the excitation-contraction coupling is highly SR dependent
(Stemmer and Akcra, 1986). In the catfish myocardium, verapamil
inhibited the post-rest potentiation of contractions developed after 5
minutes of rest and of the time to peak tension (El-Sayed, 2000 a). Here
it can be suggested that the sarcolemmal Ca”' channel have a role in the
excitation-contraction coupling in the myocardium of the catfish. But,
this negative inotropic effect of verapamil on the contractions was
removed by addition of adrenaline afier exposing the ventricular tissue
o verapamil. In another meaning, the interaction between verapamil and
adrenaline removed the negative inotropic effect of verapamil and
transformed  the post-rest decay of contractions into a post-rest
potentiation. Thus, it can be concluded that the cardiac excitation-
contraction coupling in the catfish is mainly SR dependent at the lower
rates of stimulation (0.003 Hz). However the finding that the positive
inotropic  cffect of adrenaline combined together with verapamil on
contractions is lower than that of verapamil combined together with
adrenaline indicate that the sarcolemmal Ca’" channels may have a role
in supporting the force developed after 5 minutes of rest in the
myocardium of the catfish (Clarias gariepinus).

The frog ventricular tissue showed a post-rest decay of force
when the steady pacing rates was interrupted by 5 minutes of rest. This
post-rest decay of force was increased by caffeine, an inhibitor of the SR
function, (El-Sayed, 2000 a). Moreover, the {rog heart muscle exhibited
a positive staircase (Driedzic and Gesser, 1985). These findings arc
believed  to reflect an involvement of the sarcolernmal Ca’' Muxes in the
excitation-contraction coupling. Tn agreement with this suggestion,
adrenaline which is known to stimulate the activity of the SR hy
increasing the amount of calcium circulating within the intercellular
stores (SR: (Morad and Goldman. 1973) decreascd this post-rest decay
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of contractions. Also, verapamil which is gencrally used to block the
inward calcium current through the sarcolemmal Ca’ channel did not
remove the negative inotropic effect of rest interval (5 minutes) on the
cardiac contractions of the frog heart muscle. Furthermore, it has been
reported that in frog ventricular muscle Ca®” for activation of the
contraclile system is transported primarily from the extracellular space
(Klitzner and Morad, 1983). However, it has been suggested that the
sarcoplasmic reticulum seems to play an important role in Ca®* cyeling
in frog myocardium exposed to rest intcrval of 60s. (Anderson et al.,
1989). Here, it can be speculated that verapamil impaired the transport of
extracellular Ca®™ via the cell membrane by inhibiting the sarcolemmal
Ca® channels, and adrenaline, in spite  of its stimulatory cffect on the
Ca?' cycling within the intercellular store (SR) in the mammalian
cardiac muscle (Drake-Holland ctal., 1992) can not able to remove the
negative inotropic effect of rest interval on contractions. Thus. the
excitation-contraction coupling in the frog myocardium seems to be
sarcolemmal Ca®~ dependent. lowever, the situation was different when
the ventricular tissue of frog was exposed first to verapamil and after
that adrenaline was added to the muscle bath. This interaction between
verapamil and adrenaline transformed the post-rest decay of contractions
into a post-rest potentiation. This action may involve an activation of SR
by adrenaline, as it decreased the post-rest decay of contractions in the
absence of verapamil. However, it is still unclear why the post-rest decay
of’ contractions is transformed to a post-rest potentiation when verapamil
was added to the ventricular preparation of frog before adrenaline. It is
possible that the present experiments are too crude to detect the influx
changes duc to a slow leakage of Ca?' from the SR induced by
adrenaline.

To conclude, it appears that the cardiac SR of the catfish can
participate in the E-C coupling at subphysiologically heart rate. This
conclusion is strengthened by the findings that adrenaline, which is
known to increase the Ca®" sequestration in the SR, adrenaline combined
together with verapamil and verapamil combined logether with
adrenaline led to an increase in the post-rest potentiation of contractions.
Transsarcolemmal Ca** channel may also have a role in the E-C
coupling of the catfish heart as verapamil transformed the post-rest
potentiation of contractions into a post-rest decay and as this negative
inotropic effect of verapamil was removed by increased extracellular
Ca®™ (2.5 mM). However, in frog ventricular tissue, the E-C coupling is
mainly dependent on the transsarcolemmal Ca’ inflax at
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suphysiologically rates of stimulation as verapamil, an inhibitor of the
sarcolemmal Ca® channel, and adrenaline combined together with
verapamil did not change the negative inotropic effect of rest-interval on
contractions. The present results, also, suggest that the SR seems to play
an important role in Ca®* cycling in frog myocardium and hence support
the force developed at low rates of stimulation (0.003 Hz). This is
because verapamil combined together with adrenaline removed the
negative inotropic effect of rest-interval on contractions. The action of
this interaction is still unknown.
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adrenaline. verapamil, adrenaline+ verapamil,

verapamil+adrenaline and 2.5 mM extracellular calcium on the cardiac/
force, the rate of contraction, (dffdt), the rate of relaxation (-dff/fdt) and

the time 1o peak ension (TPT) in the heart of the catfish {A) and fog (B).

Table A: Fishes
Para. [ Cont | Cont.+ | Adr. | Adr+ Ver Ver+ | Adiv | ades | vene | vers
Cat cat* Ca®” Ver.+ | VerCa® | ade Ad.+
Caz{- G
Force | 16436 | 120427 [ 2122 | 153016 | -1442 M2 (2340 [ 112427 | 64st4 | 150418
dffdt | 14517 | 115424 | 20252 | 14416 2344 N9EL [ 26243 | 10423 [ 50213 | 136420
-dffde | 14ELTE 10327 | 23280 | 134452 | 2ge34 12152 1947 [ 102456 | 35271 { 116s8
TPT A6 | 10007 | 5453 | To+11 SH.T W21 § 94] 825).5 [ 18473 | 84+13
Table B: Toad
Para. Cent. Cont. + Adr. Adr, + Ver. Ver. + Adr. + Adr. + Ver. + Ver+
Ca® ca™* [ Ver + | Verca™ | Adr Ad_+
Cu2+ Ca?'
Force | -33#57 | 120214 | 27221 | 150615 3244 96+8 455 119+ | 2022 | 131424
dffdt | -34226 | 116449 | 46428 | 14247 | 2943 108212 | 31461 | 119812 | 3822 | 13dsa
-dffde | -25EL1 | 116460 | 22419 | ISIE3T | 24403 | 96kl | =03 | it1ss | 33sas 13625.1
TPT | 19217 | 9075 | 00400 | 80144 2344 5644 13414 | 87414 | 2206 | 98456
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