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— Abstract —

Modulation of Calcium Current by Cyclic GMP in the Single
Ventricular Myocytes of the Rabbit

Jae Ho Ahnn, M.D.", Kyung Phill Suh, M.D.”, Yung E Earm, M.D.""

In order to investigate the effect of intracellular cyclic GMP on the calcium channel, whole
cell patch clamp technique with internal perfusion method was used in the single ventricular
myocytes of the rabbit. Cyclic GMP, ¢cGMP analogues, cAMP, isopernaline and forskolin were
perfused into cells and their effects on the calcium current were analysed by applying depolariz-
ing step pulese of 10 mV in amplitude for 200 msec from holding potential of —40 mV. Calcium
currents usually activated from —30 mV and then reached a peak at +10 mV. Amplitude of the
calcium current was standardized with membrane capacitance, 50 pF. Peak amplitude at +10
mV in control was —0.15 nA/50pF. When 100 M cAMP was applied from the pipette, peak
amplitude of calcium current increased to —0.32 nA and addition of 1 #M isoprenaline further
increased its amplitude. In the presence of ¢cGMP it alone also produced an increase of the
calcium current to —0.52 nA/50pF and addition of isoprenaline or forskolin increased its
magnitude to — (0.55-0.95) nA/50pF. Simultaneous application of cGMP and cAMP increased
the calcium current to —0.67 nA/50 pF. Among the cGMP analogues, 8-Br-cGMP was the most
potent stimulant for the calcium current activation.

From the above results it could be concluded tiat cGMP increases the calcium current not
through cAMP dependent protein kinase nor cAMP dependent phosphodiesterase pathway, but
through independent phosphorylation pathway, possibly ¢cGMP dependent protein kinase
pathway.

Key Words : Ventricular myocytes, Whole cell patch clamp, Calcium current, Cyclic GMP
analogues, cAMP, Isoprenaline
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Fig. 1. Activation of the Ca?* current by step
depolarization pulses from holding poten-
tial of —40 mV in rabbit ventricular
myocytes. Internal solution containing
Cs-aspartate and tetraethylammonium
(TEA) chloride was used to block pota-

ssium currents.

-0.5

In A, the current records at the step pulses of —30 to +10 mV for 200 msec and in B, the current records at +10 to +
50 mV were superimposed. In C, current-voltage relation (I-V curve) was plotted and shows that the peak activation of
the calcium current was activated at +10 mV and its magnitude was 0.15 nA/ 50 pF. The IV curve shows typical

bell-shaped pattern.
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Fig. 2. Effect of internal application of 100 xM
cyclic AMP (cAMP) on the activation of
the calcium current. In A, current records
activated by cAMP at —30 to +10 mV
and in B, at +10 to +50 mV were super-
imposed.

In C, [V curves in control (filled circle) and in the presence of 100 M cAMP (open circle) were plotted. The peak
current level was activated at +10 mV in both cases and their magnitude increased from 0.15 nA/ 50pF to 0.32

nA/50pF by cAMP.
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Fig. 3. Effect of cyclic GMP on the activation of
the calcium current. 100 uM cGMP was
applied from internal solution of the patch
pipette.

mVv

L,

In A and B, Ca®" current traces activated by cGMP at the potential of —30 to +10 mV and at +10 to +50 mV were
plotted respectively. In C, I-V curves in control (filled circle) and in cGMP (open circle) were plotted on the normalized
current scale with membrane capacitance of 50 pF. Peak current level at +10 mV in ¢cGMP was 052 nA/ 50pF.
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Fig. 4. Effect of internal cGMP analogue, 8-Br-
¢GMP on the activation of the calcium
current. In A and B, current traces acti-
vated by 8Br-cGMP at —30 to +10 mV
and +10 to +50 mV were recorded as
usual manner. In C, IV curves in control
(filled circle) and in 8-Br-cGMP (open
circle) were plotted on the normalized
current scale. Peak current level in 8-Br-
gGMP at +10 mV was 0.63 nA/ 50pF.
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Fig. 5. Effect of dibutyryl cGMP on the calcium
cutrent activation. Current traces in A
and B were the calcium currents in
dibutyryl cGMP at various depolarization
voltages were shown.
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The I-V curves in control (filled circle) and in dibutyryl cGMP (open circle) were plotted in normalized current scale.
The peak value of the calcium current in dibutyryl cGMP at +10 mV was 0.45 nA/ 50pF.
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olutx cAMPo)| 93t desensitization®] Yoi%t7)
fEQ Aoz AzZd. AlXUd cGMP7 43}
£ Aol A isoprenaline® #FF AYZAHNE 19
109l =& 28 10-A9E cGMP7F Al 2 ¢
EZAY B Ca* AF 718012 19 10-BE 97
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Fig. 6. Effect of cAMP and ¢cGMP on the cal-
cium current activation. 100 uM of
cAMP and cGMP in the pipette in-
creased the calcium current very much.
Current traces in cAMP and ¢cGMP were
plotted in A and B. The I-V curves in
control (filled circle) and in cAMP +
c¢GMP (open circle) are shown in C.
Peak activation of the calcium current in
cAMP+cGMP was at +10 mV and its
magnitude was about 0.67 nA/ 50pF.

- 372 —



omv
=
L -30
__|so0pa
10ms
c
e CONTROL

o 8BrcGMP + cAMP

5 OmV

A
" /50pF

50

Fig. 7. Combined effect of cAMP + 8-Br-cGMP
on the calcium current activation. Indi-
vidual traces of the calcium current in
cAMP + 8-Br-cGMP were shown in A
and B. The I-V curves in control (filled
circle) and in cAMP + 8-Br-cGMP
(open circle) were plotted on the normal-
ized current scale and revealed that the
peak level was recorded at 0 mV in

cAMP and 8-Br-cGMP.
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I-V curve in cAMP + 8-Br-cGMP was was shifted to the left and it is though that this is owing to the voltage
escape during huge current activation by these second messengers.

£ cGMP® A& tEZFANAE 10mVel A A
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Fig. 8. Effect of internal cAMP + dibutyryl
cGMP on the calcium current. Calcium
currents were increased in whole poten-
tial range by the application of these two
second messengers and were shown in A
and B. The I-V curves in control (filled
circle) and in cAMP + dibuturyl cGMP
(open circle) were plotted in C. The mag-
nitude of the calcium current in cAMP
+ dibutyryl cGMP was 0.59 nA/ 50pF
at +10 mV.
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Fig. 9. Effect of superfusion of 1 «M isoprena-
line on the activation of the calcium cur-
rent in the presence of internal cAMP.
Current traces at various membrane
potentials in cAMP alone (A) and in isop-
renaline and cAMP (B) were shown.

mvVv

-0.5

The magnitude of the calcium current increased slightly by the superfusion of isoprenaline and their I-V
relations were plotted in C (filled circle indicates I-V curve in cAMP alone and open circle that in isoprenaline

+ cAMP).
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Fig. 10. Effect of isoprenaline on the calcium
current activation in the presence of in-
ternal cGMP. Isoprenaline increased the
calcium current in most potential ranges.
Individual current traces in cGMP alone
(A) and in ¢<GMP and isoprenaline (B)
were shown. The I-V curves in ¢cGMP
(filled circle) and in isoprenaline (open

circle) were plotted in C. The [-V curve
was shifted to the left by isoprenaline.
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B A3 Axg gokstd ¥ At 1) 9
E7] AAZ AXAM cAMP B9E22+ f.agonist
Q) isoprenaline % Ca™* AR/ 717t UYEA &
gtth 2) cGMP2 Eaj Aol cAMPE A9 isopre-
naline A=Y Ca** AF F718 d240.
3) cGMP @522% Ca"* Ca* AF9 57 ads
E 4 9en 1 ALE cAMP 2u o o

[ -1

4) ¢cGMP #%A < dibutyryl cGMPE cGMP Bt
t 237 Askh. 18y 8-BrcGMPE cGMPA
Hste Ca™* A/ S7F A#7F Ak 5) cGMP £4
Al cAMP2] 71} isoprenaline $-& forskolin ]
e dA% Ca AR/ F7HE 4ozt

cGMPE A& 24¥ F5E B2 d74E° 2
e} e Aol O AP E 2EI] JPAA &
t}. Goldberg et al.(1975) 1wi7tA o} AHATHE
& veo g, cGMP¥ cAMPY| #4& Agdtte
‘294’ (Ying-Yang hypothesis)& HZstdt*. 2
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Fig. 11. Effect of 1 £M forskolin on the calcium
current in the presence of internal
¢GMP. By the application of forskolin
the calcium currents were increased and
the time course of inactivation was very
fast in this particular cell. The current
traces in ¢cGMP alone and in forskolin
were shown in A and B respectively.
The IV curves in ¢cGMP (filled circle)
and 1n forskolin (open circle) were plot-
ted in C and showed that peak current
level in this cell was activated at 0 mV.
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Fig. 12. Effect of isoprenaline on the calcium
current activation in the presence of in-
ternal 8-Br-cGMP. By the application of
isoprenaline increased the current in the
whole range of membrane potentials.
Current activations at various membrane
potential in 8-Br-cGMP (A) and in isop-
renaline (B) were shown on the upper
panel. The IV curves in 8-BrcGMP
(filled circle) and in isoprenaline (open
circle) were plotted in C on the lower
panel. I-V curve was shifted to the left
by isoprenaline and it is thought by vol-
tage escape due to large activation of
the calcium current in isoprenaline.

MNE g ZaA &S Udehlo] 538 a3E
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MP-dependent protein kinase$} o2} 712 @ o]
A 8129 Na/Ca @7 A & 2Ase ddle F
Bt FHATY, ARAANE T &L 71
o] gHA YATY cGMPY Aol i 2
§& protein kinasett 7] AwHW ¢ <ddgtpe o
2 7]d 50l AA U Hartzell and Fischmeister
(1986) 2 Fischmeister and Hartzell(1987)& 7§ 7-€]

mV
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o] ¢y AAZ MEES A3 APolA Ca™ AF
th&t cGMP9] 24713 & cGMP-stimulated PDE
ey A9E F YT FFReHY, I oJFE
toa g AY AHEEL EAY. AA, cAMP7}
2 gt GMPS A Z§o] Ueyth £,
A4 EH A %t 8-bromo-cAMPE &3t
cGMPE ot2d &37t itk AH, cGMP f:=
A Z % PDES 84 3A)71A] £3t1 PKT 843
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Fig. 13. Effect of isoprenaline on the calcium
current in the presence of internal
dibutyryl ¢<GMP. Calcium current was
increased by isoprenaline but degree of
increment was not so large compare to
8-Br-cGMP. Individual current traces
were shown in dibutyryl cGMP (A) and
in isoprenaline (B) on the upper panel.
The current-voltage diagram in dibutyryl
cGMP (filled circle) and in isoprenaline
(open circle) were plotted in C on the
lower panel. I-V curve shifted to the left
by isoprenaline and showed a peak level
at 0 mV.
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