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CALCIUM-INDUCED CALCIUM RELEASE:
RECOLLCTIONS AND REFLECTIONS

Makoto ENDO

Saitama Medical University

Exactly fifty years ago, CICR (Ca-induced Ca release) was discovered through our analysis of
mechanism of propagation of contraction in a skinned fiber evoked by a low concentration of caffeine in a
medium containing a low concentration of EGTA. Inquiring into properties of CICR, then, it was found that
from SR loaded with Ca up to the physiological level, 300 .t M or higher Ca** releases Ca, while lower
concentration of Ca*" was simply taken up to the SR, although physiological relevance of these experiments
is questionable. Caffeine dose—dependently lowered Ca*" concentration necessary for release of Ca. ATP
strongly accelerated CICR. Procaine, known as caffeine inhibitor, inhibited CICR. These properties of CICR
were found in early days, but genuine behavior of CICR had to wait our experiments in the absence of Ca
pump activity. Thus, true Ca** concentration dependence of CICR was found to be bell-shaped so that higher
concentrations of Ca”" inhibit CICR. For the physiological significance of CICR we showed that CICR
inhibitor procaine does not inhibit K—contracture, and concluded that CICR does not make any contribution
to the activation of muscle contraction at all, too strong statement because of possible additional role of CICR
in the activation. Apart from physiological role, we demonstrated that CICR plays an essential role in
malignant hyperthermia. We proved that CICR in muscles from patients with malignant hyperthermia showed
higher sensitivity and greater maximum response to Ca*" than in normal muscle, and halothane, an anesthetic,
also increased Ca*" sensitivity and maximum response of CICR. Unlike skeletal muscle, physiological
contraction of cardiac muscle is caused directly by CICR. Although at the beginning I myself asserted that,
later a few experimental results led me to suspect that until recently. I regret my such poor insight in
physiology. (Tokyo Jikeikai Medical Journal 2020;135:59-66)
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Fig. 1. Recurrent contractions of a skinned fiber induced by a
low concentration (0.2 mM) of caffeine in the presence of 50 /L
M EGTA".
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Fig. 2. Contraction induced by Ca** of a skinned fiber. Two mM
of caffeine was present throughout".
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Fig. 3. Caffeine-induced release of calcium from the
sarcoplasmic reticulum of skinned fibers and the effect of Ca** V.
The experimental procedures and the explanation of symbols are
shown at the upper part of the figure.
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Fig. 4. Contraction induced by Ca** of a skinned fiber in the
absence of caffeine (Top) and recurrent contractions similar to
Fig.1A but in the absence of caffeine (Bottom)".
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Fig. 5. Time courses of net uptake of calcium by the

sarcoplasmic reticulum in a skinned fiber under various

concentrations of Ca*" ®.
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Fig. 6. The effect of caffeine on the CICR. The experimental
procedures are shown at the upper part of the figure”.
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Fig. 7. Ca” concentration dependence of the rate of calcium
release from the sarcoplasmic reticulum'”.
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Table 1  Comparison of CICR Rates and Fever during
Anesthesia
CICR
Groups 2 and 3 Group 1
Fever (+) 18+ 1 CNS 2+3 CNS
Fever (—) 2 18

Fever (4): Cases with maximum temperature >40°C
and/or rate of rise in temperature >0.5°C/15 min dur-
ing anesthesia. CNS: Patient with central nervous sys-
tem disorders
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Fig. 11. The effect of adenine on the contraction of cardiac
muscle of the rat™.
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