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Transient Potentiation of Tension during Recovery from Treatment with
Nifedipine and Verapamil in Bullfrog Atrium Trabecullae

Yukio Okita

A thin heart muscle preparation obtained from the bullfrog atrial trabecullae
was isolated and then stimulated at the rate of 1/2 sec by supramaximal strength.
Contraction tension was continuously recorded and the membrane potential was
recorded occasionally from cells within the preparation. Nifedipine, one of the
Ca channel blockers, inhibited the contraction tension, accompanied by shortening
of plateau potential. The time course of the decrease after the start of perfusion
with nifedipine was much slower than expected from the diffusion of the drug.
The contraction was not abolished completely but remained at a low level even
when the muscle was exposed to nifedipine-Ringer solution at a concentration as
high as 1x10-M. Probably, the residual tension was produced by Ca-inflow
through the forward Na-Ca exchange mechanism rather than through the mem-
brane potential dependent Ca channels. The action of nifedipine was reversible,
when the muscle preparation was washed out by perfusion with standard Ringer
solution and simultaneously irradiated by ultra-violet light. The most interesting
finding was that the tension was potentiated beyond the control level by around

309 during the initial phase of recovery. This transient tension increase was not
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observed when nifedipine was simply washed out. Verapamil also decreased
the contraction tension but did not show potentiating action during the recovery
phase. The product of nifedipine decomposition was ineffective in potentiating
contraction tension. Therefore, the transient tension increase can be explained
by the increase in Ca influx via the Na-Ca exchange mechanism. During
nifedipine treatment, the intracellular concentrations will be lower than control
because of the reduced Ca inflow through Ca channels, and Na-Ca exchange is in
the accelerated state. When nifedipine is rapidly decomposed, the total amount
of Ca entering through Ca channels and Na-Ca exchange is increased. The
present results indicate the significance of Na-Ca exchange in contraction and
relaxation. (Accepted on February 28, 1989) Kawasaki Igakkaishi 15 (2) : 320—327, 1989
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Fig. 1. Inhibition and potentiation of tension by application and removal of nifedipine
(5x10-"M). Stimulation rate is 1/2sec. At the arrow mark A, the standard Ringer
solution is replaced with nifedipine-Ringer solution, and at B, nifedipine solution
is replaced with standard Ringer and the muscle is irradiated by ultra-violet light.
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Fig. 2. Inhibition and potentiation of tension by application and removal of nifedipine
(1x10-3M). Stimulation rate is 1/2sec. At the arrow mark A, the standard Ringer
is replaced with nifedipine-Ringer solution, and at B, nifedipine solution is re-
placed with standard Ringer and the muscle is irradiated by ultra-violet light.
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T1: Tension in the standard Ringer solution before nifedi-

pine treatment. This is taken as 100%.

T2: The steady tension in nifedipine Ringer solution.
T3: The tension in the peak of the transient potentiation
in the initial phase of recovery after removal of
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nifedipine by procedures of wash out and ultra-violet

irradiation.
T4: Final steady tension after recovery.

77 b — OFRREENABA L T 5.

Figure 2 i [f# iz nifedipine Ringer ¥ 1x
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Fig. 3. Inhibition and recovery of tension by application and removal of
nifedipine. Nifedipine is removed by simple wash out, without irradia-
tion by ultra-violet light. Stimulation rate is 1/2 sec.

Fig. 4. A small increase in contraction

tension produced by ultra-violet
irradiation in the standard Ringer
solution. Stimulation rate is 1/2 sec.

Fig. 5. Continuous recording of tension
after treatment with nifedipine pre-
viously irradiated by ultra-violet
light for 60 min. Stimulation rate
is 1/2 sec.
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Fig. 6. Inhibition and recovery of tension and removal of verapamil (5x10-6M). At
the arrow mark A, perfusion with verapamil Ringer solution starts, and at B,
perfusing solution is switched from verapamil solution to the standard Ringer
solution. At C, the muscle is irradiated by ultra-violet light, showing a slight
acceleration of recovery. Stimulation rate is 1/2 sec.
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