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SUMMARY

The influences of caffeine, verapamil and caffeine combined together
with verapamil on the cardiac contractility (contractile force, the rate of
contraction; dffdt and the rate of rclaxation; -dffdl) developed atthe
physiological rates of contraction (0.2 and 0.4 Hz) in the ventricular
preparations of the catlish (Clarias gariepinus) were studied at 20°C.
Furthermore. the effect of increased extracellular calcium (2.5 mM) was
also, investigated. Caffeine (8.0 mM), which inhibits the uptake of
calcium by the sarcoplasmic reticulum (SR) caused a decrease in the
cardiac contractility at the both rates of stimulation, but this decrease
was marked at the stimulation rate of 0.2 Hz. Verapamil (an inhibitor of
the sarcolemmal Ca®" channcls) at the different concentrations (5, 9 and
13 uM) have the same effect on the cardiac contractility like that of
caffeine. However, the negative inotropic effect of verapamil on the
cardiac contractility was higher than that ol caifeinc. Also, the lowering
elfcct of verapamil was marked at 0.4 Hz and 13 pM. Caffeine
combined together with Verapamil also caused a decrease in the cardiac
contractility at both rates of Stimulation. In opposite to the effectof
verapamil only and like that of caffeine on the cardiac contractility.
caffeine combined together with verapamil had its marked effect at the
stimulation rate of 0.2 Hz. Increased extracellular calcium removed the
negative inotropic elfect of caffeine combined together with verapamil
on the cardiac contractility at both rates of stimulation applied. In
conclusion, the sarcolemmal Ca®’ channels appear to support the cardiac
contractility developed at the physiological rates of frequency than that
ol the sarcoplasmic reticulum in the catfish. Also, the verapamil action
secems to be stimulation rates dependent.

Keywords: Caffeine, Verapamil, Myocardiwm, Calcium, Cardiac Contractility,

Catfish,Clarias gariepinus.

INTRODUCTION

The role of sarcolemma and the sarcoplasmic reticulum (SR) in
the cardiac cxcitation-contraction coupling (1-C Coupling) seems to
vary among different vertebrate species. The cardiac sarcolemma of the
teleost is less developed compared with that of mammals according to
ultrastructural studics {Gabella, 1978). Isolated ventricular tissue of the
Clarias gariepinus display a ncgative force-frequency relationship (E1-
Sayed, 1994a), particularly cvident as a post-rest-potentiation which is
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strongly reduced by ryanodine and calleine (El-Sayed, 1994b). A similar
situation has been described for Tilapia ventricular muscle (El-Sayed.
1994). These reactions are believed to reflect an involvement of the
sarcolemma in the E-C coupling and are also seen for rabbit and dog
cardiac muscle in which the E-C coupling is probably sarcolemmal
dependent (Ponce-Hornos et al., 1990).

Verapamil is clinically used as an antirhythmic and anti-
hypertensive drug which primary action on mammalian cardiac muscle
is to block membrane channels whose conduct a slow inward Ca®'
current (Fleckenstein and Fleckenstein-Gurn, 1984). It has been shown
that this drug has an interesting cffect on molluscan cardiac muscle
(Devlin, 1992) as well as smooth muscle (Huddart et al., 1990). Also,
verapamil decreased the contractile force, rate of contraction and the rate
of relaxation in the mammalian myocardium (Ponce-Hornos ct al..
1990). Also, it has been reported that incrcases in the verapamil
concentration are followed by a lowered in the contractile force, the rate
of contraction, the rate of relaxation and the time to peak tension of the
Clarias myocardium (El-Sayed, 1999). The cause of lhm effect is still
unclear. However, it has been shown that a blocking Ca" Lhannels by
verapamil may resulting in a diminished influx of Ca®" from thc
extracellular space during excitation dl]d a lowered mtraccllular Na'
activity with an outward shift of Ca®' via the Na"-Ca”" exchange may
both be involved (Chapman & Radrigo, 1987).

Tt has been postulated that the Clarias ventricular tissue displays
a post-rest potentiation and also has a negative force-frequency
relationship  (El-Sayed, 1994). This post-rest potentiation was
transformed into a post-rest decay by caffeine, which inhibits the
function of the SR by interfering with the opening mechanism of its C a’
channels. In the cardiac muscle of rainbow trout (El-Sayed and Gesser,
1989) and in the frog myocardium (El-Sayed, 2000). Caffeine inhibits
the post-rest potentiation developed after 5 minutes of rest. These results
suggest an involvement of the SR, also in the E-C coupling. So, it is of
interest 1o determine whether sarcolemma or the SR which has a role in
the E-C coupling of the Clarias myocardium at the physiological
frequencies (0.2 and 0.4 Hz).

The present study looks at the E-C coupling in the myocardium
of the Clarias gariepinus with respect to the sarcolemmal dependence
and the influence of the verapamil. Since the SR and the sarcolemma
seem to have arole in the E-C coupling, the function of cach, then both
of them together were examined. The function of the SR was assessed
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with caffeine which is known to prevent Ca®” uptake of the SR as well as
increasing the calcium influx across the sarcolemma during excitation
(Kavaler et al., 1978) and the calcium scnsitivity of the contractile
system (Wendt and Stephenson, 1983). The function of sarcolemma was
cxamined with verapamil which blocks the sarcolemmal Ca®' transport
(Devlin, 1993), and both of them (SR and the sarcolemma) with caffeine
combined together with verapamil.

MATERIALS and METHODS

The Clarias gariepinus Weighing about 150 g. of both sexes
were obtained from a canal near to Sohag City and were immediately
transported to the laboratory at the Department of Zoology, in the
Faculty of Science (Sohag) where they were kept in freshwater tanks at
room temperalure for about three weeks. After decapitation of the fish,
the heart was excised and placed in an ice-cold physiological solution,
where ventricular strips were preparcd.

The physiological solution for the Clarias gariepinus heart
contained (in mM) 125 NaCl. 2.5 KCL 1.25 CaCly’, 0.94 MgSOy, 1.0
Nall,PQy, 15 NaHCOs, 5.0 glucose  ( EL -Sayed and Gesser, 1989 .

The solution was gassed with 99% oxygen and 1% carbon
dioxide by a gas mixing pump (Wosthoff 1M 301/AF.). The resulting
pH was 7.6 at 20+ 0.5 °C (Cole Parmer OT 268/16, USA). Verapamil
(Sigma) was dissolved in distilled water to 10 mM L' and kept frozen (-
20°C) in suitable portions, so it was not thawed more than once before
use. Caffeine was added as a powder.

Commonly four strips from each ventricle were run in parallel
setups. This was considered important. since the fishes used were not
genctically characterized and were from different patches. For recording
the contractile variations, the upper end of the preparations was
connected to a recorder {(Grass 79G.). The lower end was tied onio one
of the two platinum stimulation clectrodes. The other electrode was
placed in the solution just above the preparation. The preparation was
stimulated 1o contract by clectrical square pulses having duration of 5 ms
and a voltage of 1.5-2.0 times the threshold for full contraction, The
preparations used were never spontancously active. The distance
between the two points of fixation could be adjusted with a micrometer
screw, and the preparation was stretched to produce maximal twitch
force. When this had been done, the length of the preparation was 7-15
mm, but its thickness never cxceeded 2 mm.
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After the initial adjustment, each preparation was left at 0.2 Hz
for about 30 minutes before further investigations. The contractile
variables values measured in the subsequent part of the experiment were
all as percentage as to those mean recorded at the end of these 30
minutes.

To investigate the influence of caffeine, verapamil and caffeine
combined together with verapamil on the contractility at 0.2 Iz and
0.4Hz, lour strips from ventricular tissue were run in parallel at 0.2 Hz at
20°C where the force was allowed to stabilize. Alter stabilization, the
stimulation rate was either continued at 0.2 Hz in one series of
cxperiments or increased to a stimulation rate of 0.4 Hz in another series
of experiments. After stabilization at either 0.2 or 0.4 Hz, first strip was
exposed to 8.0 mM cafleine, the sccond strip was exposed to either 3, 9
or 13 uM verapamil, the third strip was cxposed fo 8.0 mM caffeine
combined together with either 5,9 or 13 uM verapamil whereas the
fourth strip was maintained at control condition, 10-135 minutes after
these changes, the four strips were subjected to 2.5 mM Ca®' 10 examine
the influence of the extraccllular Ca®* on the cardiac contractility.

The results are given as means + SD. The level of significance
was estimated by student’s + test for either paired or unpaired samples.
The limit of significance was set at P< 0.05.

RESULTS

Caffeine and contractility:

Caffeine (8.0 mM) which is generally used as a blocker of the
Ca’™ uptake of the sarcoplasmic reticulum led to a decrease in the
contractile force (Fig. 1 A and B). the rate of contraction (Fig. 2 A and
B) and the rate of relaxation (Fig. 3 A and B) at both rates of stimulation
(0.2 and 0.4 Tiz) applied. It should be noted that the decrease in the
cardiac contractility (Force, df/dt and — dffdt) was significantly lower at
(.2 Hz than thosc at 0.4 [1z.

Verapamil and contractility:

Verapamil at different concentrations, (5, 9 and 13 uM) caused a
significant decrease in the contractile force (Fig. I A and B), the rate of
contraction (I'ig. 2 A and B) and the rate of relaxation (Fig. 3 A and B).
However, the effect of verapamil on the contractile force at 0.4 Hz was
significantly greater than that at 0.2 Hz whereas no significant
dilferences between the effect of verapamil on the rate of contraction at
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0.2 and 0.4 Hz could be documented. But, the decrease in the rate of
relaxation as a result of addition of 13 uM verapamil was significantly
lower at 0.4 Hz than that at 0.2 Hz.
Caffeine combined together with verapamil and contractility:

Calfeine (8.0 mM) combined together with different
concentration of verapamil (3, 9 and 13 pM) had a negative inotropic
effect on the contractile force (Fig. | A and B), the rate of contraction
(Fig. 2 A and B) and the rate of relaxation (Fig. 3 A and B) at both rates
of stimulation (0.2 and 0.4 Hz). In contrast to the effect of caffeine and
of verapamil, caffeine combined together with verapamil had a markedly
negative effect on the cardiac contractility at the rate of stimulation of
0.2 Hz than that of 0.4 Hz. Furthermore, the negative inotropic cffect of
caffeine combined together with the different concentration of verapamil
was maximum at 13 uM of verapamil at both rates of stimulation.

[t should be pointed out that the negative inotropic effect of 8.0
mM caffeine combined together with 13 pM of verapamil on the cardiac
contractility was significantly greater than that of 13 uM verapamil only
at a stimulation rate of 0.2 Hz. Whereas, al the stimulation rate of 0.4 Hz
the negative inotropic effect of 13 uM of verapamil on the cardiac
contractility was significantly higher than that of 8.0 mM caffeine
combined together with 13 pM verapamil.
Increased extracellular Ca®* (2.5 mM) and contractility:

The results presented suggest that the E-C coupling in the Clarias
gariepinus heart may depend on the calcium transport through the
sarcolemmal Ca®" channels. If so, the diminished contractile force, the
rate of contraction and the rate ol relaxation as a result of addition of
verapamil should be counteracted by the increasing in the extracellular
calcium concentration. Therefore, the effects of increasing extracellular
Ca®™ on the contractile [orce, the rate of contraction and the rate of
relaxation in the presence of caffeine, verapamil and calleine combined
together with verapamil were examined. Increasing of the extracellular
caleium in the range of 1.25 to 2.5 mM stimulated the contractile force,
the rate of contraction and the rate of rclaxation. As shown in Fig. 4 A
and B. 2.5 mM extracellular Ca®™ removed the negative inotropic effect
of vcrapamil on the contractile force (Fig.4 A and B ), the rate of
contraction (Fig. 3 A and B) and the rate ol relaxation (Fig. 6 A and B)
al both rates of stimulation. A similar effect of 2.5 mM of extracellular
Ca®™ on the contractile force, rate of contraction and the rate of
relaxation in the presence of caffeine and caffeine combined together
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with different concentration of verapamil (Table | and 2) at bot rates of
stimulation. However, it should be noted that the increased extracellular
calcium removed the negative inotropic effect of caffeine, verapamil and
caffeine combined together with verapamil on the cardiac contractility
and turned them into values near to or below those of control value (1.25
mM Ca™).

DISCUSSION

In the present study, caffeine, verapamil at different
concentration and caffeine combined together with verapamil had a
negative inotropic effect on the contractile force, rate of contraction and
the rate of relaxation at the physiological rates of stimulation (0.2 and
0.4 Hz) in the myocardium of the Clarias gariepinus. Furthermore, the
negative inotropic cffect of verapamil and caffeine combined together
with verapamil on the cardiac contractility was greater than that of
caffeine at both rates of stimulation. ;

Tt is known that caffeine is generally used as an inhibitor of the
sarcoplasmic reticulum function by preventing the Ca” uptake (Kavaler
et al, 1978). However, the influcnce of caffeine on the cardiac
contractility are dependent on concentration of caffeine and extraccllular
calcium, rate and duration of caffeine exposure, species and age (Eisner
and Valdeolmillos, 1985; Jourdon etal.. 1981). It has been shown that
2.0 mM caffcine and 0.5 mM extraccllular calcium had a negative
inotropic effect on the force developed after S minutes of rest in the
rainbow trout (Fl-Sayed and Gesser, 1989) and at different frequencies
in the catfish (El-Sayed, 1994b; El-Sayed, 2000). So. the decrease in the
contractile force, rate of contraction and the rate of relaxation caused by
caffeine (in the present study) agrees with the results obtained in the
most ectothermic species (Hove-Madsen and Gesser, 1989; Fl-Sayed
and Hassanin, 1995). Thus, it can be speculated that the sarcoplasmic
reticulum (SR) may contribute in the excitation-contraction coupling
(E-C coupling) of the catfish heart.

In mammalian cardiac muscle, verapamil had a negative
inotropic cffect on the contractile force, the rate of contraction and the
rate of relaxation (Ponce-Homos ct al., 1990). However, in the smooth
muscle verapamil caused an inhibition of the Ca*" efflux mecasured by
vibrating Ca®" sclective electrode during the process of contraction
(Devlin and Smith, 1996). This efflux was in part the result Ca®* influx
through a channel resembling the mammalian T.-Type channel becausc
of its sensitivity to and block by the L-Type channel blocker, verapamil.
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As in the mammalian cardiac muscle, verapamil caused a decrease in the
contractile force, the rate of contraction and the rate of relaxation
developed at a steady pacing rate of 0.2 Hz in the ventricular tissue of
the catfish, Clarias gariepinus. (El-Sayed, 1999). This decreases in the
force, the rate of contraction and the rate of relaxation was increased by
the increasing in the verapamil concentrations. These results are in
accordance with thosc obtained in the present study at the two pacing
rates applied (0.2 and 0.4 Hz). Furthermore, the negative inotropic effect
of verapamil on the contractile force, the rate of contraction and the rate
of relaxation developed at 0.4 Iz was higher than that at 0.2 Hz, and the
recovery effect of the increased extracellular Ca¥ (2.5 mM) on the
contractions was higherata stnnulatlon rates of 0.2 Hz. These reactions
indicate that the sarcolemmal Ca’* may have arole in the regulation of
cardiac force in the catfish, especially at a stimulation rate of 0.4 Hz.

In agreement with these data, an clevation of frequency was found to
increase the twitch force in cardiac muscle from most vertebrate species
(Stemmer and Akera, 1986). and this increase is a result of increasing
calcium through the sarcolemmal calcium flux (Bers, 1985; Boyett and
Jewel, 1980) Verapamil acts on mammalian cardiac or smooth muscles
to block Ca?* influx by directly competing with Ca®® for a common
omdmg site on the outer membrane (Kohlhardt et al., 1972). Wllh less
Ca®" available at the membrane surface, the slow mwa.rd Ca* current
effectively reduced. This further su ;)port the suggeshon that thc calcmm
fluxes through the sarcolemmal Ca® channel is the primary Ca®" source
used in the regulation of the cardiac contractility of the catfish (Clarias
gariepinus). Ilowever, the findings that the negative inotropic effect of
verapamil on the cardiac contractility was greater than that of caffeine at
both rates of stimulation again support the suggestion that the calcium
transports through the sarcolemmal Ca?' channels have a role in the
regulation of the cardiac contractions of the catfish at a physiologically
relevant frequencies i.e. 0.2 and 0.4 Hz.

As noted above in the present study, caffeine combined together
with different concentrations of verapamil had a negative inotropic effect
on the cardiac contractility developed ata stimulation rates of 0.2 and
0.4 Hz. However, the findings that the influence of caffeine combined
together with verapamil on the cardiac contractility at 0.2 Hz was greater
than that of caffeine only and verapamil without caffeine indicates that
both sarcoplastmc reticulum and the caleium influx through the
sarcolemmal Ca®” channels may have a role in the regulation of the
cardiac contractility developed at a stimulation frequency of 0.2 Hz in
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the Clarias gariepinus. Moreover, the findings that the recovery of the
force, the rate of contraction and the rate of relaxation with 2.5 mM
extracellular Ca®” was lower under the effect of caffeine combined
together with verapamil than the cffect of verapamil only at 0.2 Hz
strongly support the contribution of both SR and the sarcolemmal Ca™"
channel in the regulation of force developed at 0.2Hz. As shown before
in the present study, verapamil at different concentrations had a negative
inotropic effect on the cardiac contractility more than that of caffeine
only and caffeine combined together with verapamil at a stimulation rate
of 0.4 Hz These results suggest that the sarcolemmal Ca’" channel
seems to have a contribution in the regulation of force development at a
relatively higher physiological frequency (0.4 Hz) in the catfish heart.
since verapamil is known to inhibit the Ca® transport through the
sarcolemmal Ca®~ channel (Devlin and Smith, 1996). The findings that
the recovery of the contractile force with the increased extracellular
calcium (2.5 mM) was lower under the effect of verapamil only than that
of caffeine combined together with verapamil at 0.4 Hz again support
the suggestion of the contribution of the sarcolemmal Ca*' channels in
the excitation-contraction coupling of the Clarias gariepinus heart at
that frequency (0.4 Hz).

CONCLUSION

Cell membranes are dynamic structures moving many different
ions simultaneously in attempts to regulate Ca®" distribution between
intercellular and extracellular compartments. The present experiments

2 A 24

using verapamil (Vertebrate sarcolemmal Ca” channel blocker) and
caffcine (an inhibitor of the SR function) reveal that verapamil caused a
significantly decrease in the contractile foree, the rate of contraction and
the rate of relaxation developed at a stimulation rate of 0.2 and 0.4 Hz.
However, the finding that this decrease was higher at 0.4 Hz than that at
0.2 Hz suggest that the sarcolemmal Ca®* channels play an important
role in the excitation-contraction coupling in the cardiac muscle of the
Clarias gariepinus at a higher rae of stimulation i.c. 0.4 Hz
Furthermore, the results suggest that both sarcolmmal Ca®” channels and
the sarcoplasmic reticulum in the heart of the catfish seem to contribute
in the excitation-contraction coupling at a stimulation rate of 0.2 Hz
since caffeine combined together with verapamil had a significantly
marked effect on the contractile force developed at 0.2 Hz than that of
verapamil and of caffeine.
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Direct recording of the changes in the cardiac force developed at
0.2 Hz (A} and at 0.4 Hz (B} in the myocardium of the catfish as a
result of addition of 8.0 m\ gaffeine, 13 uM verapamil and 8.0 mM
caffeine combind together with 13 MM verapamil. Arrows indicate
start of addition of the diiferent treatments.
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Table 1: Effects of caffeine, verapamil, caffeine combined together
with verapamil and 2.5 mM extracellular calcium at 0,2 Hz
on force, on rate of contraction ( df/dt) and om rate of
relaxation (-df/dt) in the ventricullar nuscle of the catfish

(Clarias gariepinus)
Control
 ca | Ca™ Ca:r
Force change (%) 99=7 | 13043 | 9132 113=1 89=1 1 11027
+df/dt change (%) 004 | 11744 | 95%4 101=1 864 1 106=13
-dffdt change (%) 973 | 1051 | 9524 107=2 98+4 | 11622
8.0 m M Caffeine -
S Ca’' TS ! Ca’
Force change (%) | 7022 | 9843 7847 12342 4944 1201
i +di’dt change (%) | 7645 | 11045 T0x6 1012 502 1 1072
{ -dffdt change (%) [ 786 [ 107#2 | 7545 102=1 643 1 11333
Verapamil b o
3 9 uM 13 M
Ca: [ i Car |
Force change (%) | 61£7 | 11543 | 5534 10453 | 5043 ! 103=10
+difdt change (%) | 656 | 11224 | 554 104=3 | 488 | 105+7
-dffdt change (%) T0+£3 | 1182 653 109=2 | 54+2 | 91=2

8.0 mM Caffeine + Verapamil

Lo Caf, +5pMV.  Caf +9uM V. Caf+13uM V.,
Ca”™ | Ga™ i Ca
Force change (%) | 5942 | 81+l 442 | 1065 35+2 956
+df/dt change (%) | 64%5 | 78%2 | 58=4 | 982 3224 104=14
-dffdt change (%) | 66+7 | 982 | 64=5 97:4 4022 94:3
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Table 2: Effects of caffeine, verapamil, caffeine combined together
with verapamil and 2.5 mM extracellular calcium at 0.4 Hz
on force, on rate of contraction (df/dt) and on rate of
relaxation (-df/dt) in the ventricullar nusecle of the catfish

(Clarias gariepinus)
Control
! Ca” | Ca” | P Ca
Force change (%) ! 86x3 | 127=2 | 91=2 | 992 | 90=4 1991 !
+dffdt change (%) | 95+4 | 103£] | 882 1252 L 842 | 10826 i
-dffdt change (%) | 982 | [10+2 | 97=3 1105 i 89=3 - 100=3 |
_8.0 mM Caffeine
5 Ca™ | [ e O
| Force change (%) | 80=5 | 10522 | 7424 110=1 | 6= 1112+2
[+dfidt change (%) | 86=1 | 95=2 | 736 §a=2 [ 75=1 | 9552
| -df/dt change (%) | 9023 [ 1022 | 89=5 110=3 | 86=3 i 103=3
Verapamil
5 uM 9 uM i3 uM
{ Ca | Ca: i [ CaT
Force change (%) | 48%3 | 1132 | 4024 702 1 30=1 | 5152
+dfidt change (%) | 61£3 [ 11242 | 61£2 81t i 30x1 | 933
-dfidt change (%) | 953 | 1082 | 63x1 802 [402 18022
8.0 mM Caffeine + Verapamil
Caf. +5uMV. Caf +9uMV. Caft —13uM V. |
i Ca™ Ca~ | ¥ Ga
Foree change (%) | 6522 | 87+2 5121 | 8122 i 45=3 1 73%1
+dffdt change (%) | 78=2 | 90«1 61=1 802 343 | 90+3
-dffdt change (%) | 8425 | 9943 63=3 | 80=2 L 36=4 | 80=1 i
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Fig .1: Changes in the contractile force at 0.2Hz {Aj and at 0.4 Hz(B} of
Ciarias gariepinus cardiac muscle under different conditions:
control (@) ; 5, 8 and 13UM verapamit (& ;8.0 Mm caffeine(®)
and 8.0 Mm caffeine combined together with 5, 9 and 13UM
verapamil () .n=6inbothAandB.
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Fig .2 : Changes in the rate of contraction(df/dt)at 0.2Hz (A) and at 0.4
Hz(B) of Ciarias gariepinus cardiac muscle under different
conditions: controi (¢} : 5, 9 and 13 UM verapamil (4 );8.0 Mm
caffeine( # ) and 8.0 Mm caffeine combined together with 5,
% and 13 UM verapamil {X )} .n=6 in both Aand B.
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Fig .2 : Changes in the rate of relaxation (-df/dt)at 0.2Hz (A) and at
0.4 Hz(B) of Clarias gariepinus cardiac muscle under different
conditions: control {& ) : 5, S and 13 YV verapamii (4 );8.0
Mmcaffeine(® ) and 8.0 Mm caffeine combined together with
5, 9 and 13 UM verapamil (xX) .n=6inboth Aand B.
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Fig .4 : Influence of 2.5 mM Ca2+on the contractile force at 0.2Hz (A)
and at 0.4 Hz(B) of Clarias gariepinus cardiac muscle in the
absence and in the presence of 5, 9 and 13 UM verapamil .n=6
inbothAand B.
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Fig

5 : Influence of 2.5 mM Ca2+on the rate of contraction(df/dt) at
0.2Hz {A) and at 0.4 Hz{B) of Clarias gariepinus cardiac muscie
in the absence and in the presence of 5, 9 and 13 UM verapamil
.n=6inboth Aand B.
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Fig .6 : Influence of 2.5 mM Ca2+on the rate of relaxation {-dfidt) at
0.2Hz (A) and at 0.4 Hz(B) of Clarias gariepinus cardiac muscle
in the absence and in the presence of 5, 8 and 13 UM verapamil

.n=6inbothAandB.
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