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The Influence of Several Durgs Affecting Ca** Influx on Frequency-tension
Curve of Rat Left Atrium

Chan Yun Kim*, Sok Kyun Ahn*, Chang Kook Suh and Doo Hee Kang
Department of physiology Yonses University College of Medicine

Cardiac muscles show stimulation frequency-dependent tension changes i.e. Bowditch phenomenon
and Woodworth phenomenon, the former is an increase of tension with the increase of stimulation
frequency, whereas the latter is an increase of tension with a decrease of stimulation frequency.
Bowditch phenomenon is seen in the range of frequency 1.0 cps and above, and Woodworth
phenomenon below the frequency 1.0 cps in the most of mammalian cardiac atrium. To throw some
light on the possible mechanism of both phenomena in rat atrium, influences of drugs affecting Ca®*
influx through the plasma membrane (verapamil, La®*, norepinephrine) and Ca?* release from
sarcoplasmic reticulum (SR) on frequency-tension curve were studied.

The results obtained are summarized as follows:

1) At low temperature (27.5°C), both Bowditch and Woodworth phenomenon were demonstrated.
But Bowditch phenomenon disappeared at the temperature above 32.5C.

2) At 27.5C, in the presence of verapamil, a Ca** channel blocker, a time course of change in the
frequency-tension was studied. It was found that Bowditch phenomenon was affected before the
Woodworth phenomenon, then the former was completely disappeared. At 32.5°C, where no Bow-
ditch is seen-in normal atrial muséle, Bowditch phenomenon was reappeared by an administration of
norepinephrine suggesting again that slow inward current of such as Ca?* channel is closely related to
Bowditch phenomenon.

3) At 27.57C, in the presence of La®*, although tensions were decreased at all stimulation fre-
quencies, Bowditch and Woodworth phenomenon were still demonstrated. However in the presence of
both La3* and verapamil, Bowditch phenomena was disappeared suggesting that La3* is less effective
in blocking Ca?* channel than verapamil.

4) At 27.5°C, in the presence of ryanodine, an inhibitor of calcium release from SR, Woodworth
phenomenon was disappeared, which was consistent with previous reports of others, suggesting that

Ca’* release from SR is closely related to Woodworth phenomenon.
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From the above findings, it may be concluded that Bowditch phenomenon is dependent on the

magnitude of Ca’* influx through slow channel and Woodworth phenomenon is dependent on the

amount of Ca?* stored in SR.

Key Words: Frequency-tension curve, Ca** influx, Ca** antagonists, Rat artial muscle
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Fig. 2. Stimulation frequency-tension curve. Steady state tension at each frequency was shown as relative tension to
the tension at 1.0 cps.
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Fig. 3. Effects of temperature on frequency-tension
curve.
Contractile strengths were presented as relative
tensions to the control steady state tension at 1.0
cps. Note that relative tensions at high fre-
quencies decrease at high temperature above
28°C. For details, see Method section. Data
represent the mean+S.E. and numbers in paren-
thesis represent the number of experiments.
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Fig. 4. Effects of verapamil on frequency-tension curve
at 27.5C.
Contractile strengths were presented as relative
tensions to the control steady state tension at
1.0 cps. With a brief treatment (1 min) of ver-
apamil, the relative tensions were first dimini-
shed at high frequencies, and with a longer
treatment (13 min), the relative tensions were
diminished at both high and low frequencies.
Data represent the mean+S.E. and numbers in
parenthesis represent the number of experi-
ments.
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Fig. 5. Effects of La®** alone and simultaneous administration of verapamil and La®* on the frequency-tension curve

at 27.5C.

A: La®* alone; Contractile strengths were presented as relative tensions to the control steady state tension at 1.
0 cps. The relative tensions at all stimulation frequencies are decreased, but both Bowditch and Woodworth
phenomena are still demonstrated.

B: La%* +Ve; Contractile strengths were presented as relative tensions to the control steady state tension at 1.0
cps. The relative tensions at high frequencies were affected more than La®* treatment alone.
Data represent the mean+S.E. and numbers in parenthesis represent the number of experiments.
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Fig. 6. Effects of norepinephrine on the frequency- Fig. 7. Effect of ryanodine on the frequency-tension
tension curve at 32.5°C. curve at 32.5C.
Contractile strengths were presented as relative Contractile strengths were presented as relative
tensions to the control steady state tension at tensions to the control steady state tension at 1.0
1.0 cps. The relative tensions were significantly cps. The relative tensions are significantly
increased at high frequencies. Data represent the decreased at low frequencies after Rd treatment.
mean+S.E. and numbers in parenthesis Data represent the mean+S.E. of 5 experiment.

represent the number of experiments.
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