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Since the classical paper of Hodgkin, Huxley and Katz (1952) it has several times 
been established that the ionic currents in the sodium type excitable membranes 
decrease and the action potentials increase in amplitude and duration with the 
decrease of temperature (for review see Hodgkin 1964; Huxley 1959 ; Cole 1972). 
The active electrical responses of the calcium type muscle membranes were also 
shown to increase with the decreasing temperature (Dudel and Riidel 1968; 
Lipskaja and Zacharová 1977); the effect of temperature on calcium currents is, 
however, equivocal. Both a decrease (Rothberg 1953; Keynes et al. 1973) and 
increase (Goto et al. 1978) of inward currents were reported to occur in muscle 
membranes when the temperature was decreased. 

We reexamined this problem in muscle fibres of the crayfish (Astacus 
fluviatilis) which are known to produce inward ionic currents by activation of 
calcium channels only (Henček and Zachar 1977). The calcium ionic currents, 7Ca, 
were recorded under voltage clamp conditions both in intact fibres and cut muscle 
fibre segments. The potassium currents in the former case were suppressed by TEA 
(150 mmol/1), or in the latter case by exposing the membrane to both K-free 
internal and external solutions. The methods as described elsewhere, were used i.e. 
Henček et al. (1969), Henček and Zachar (1977) for intact fibres and Hille and 
Campbell (1976) for cut muscle fibre segments. The preparation of muscle fibre 
segments from the crayfish muscle was the same as described by Záhradník and 
Zachar (1982). The temperature was maintained by means of Peltier thermoelec-
trical elements; the temperature was measured with a thermistor sited close to the 
fibre. When the temperature was changed by 5°C, it was stabilized within one 
minute. The measurements were performed 5 min after switching to a new 
temperature. The temperature range was 5—20°C. 

Fig. la shows that the inward calcium current (Henček et al. 1978) was 
increased and prolonged and the outward potassium current was decreased when 
the temperature was decreased from 20°C—10°C, JCa decreased in some prepara-
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Fig. 1. Left: Superimposed records of ionic currents (a, c, e) at different temperatures (upper traces). 
Lower traces: rectangular voltage clamp pulses.Right: membranelcurrents-voltage relations of inward 
currents (b, d, f) and outward currents (b; positive currents). Numbers at the curves denote temperature 
(in °C). a, b: intact muscle fibre of the crayfish; c, d: intact muscle fibre in TEA+ (150 mmol/1); e, f: cut 
muscle fibre segment. The internal solution contained (in mmol/1): 240 Cs glutamate, 1 MgG2, 
0.01 CaCU, 1 EGTA and 4 ATP. 
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tions at temperatures below 5°C; this can be explained by phase transitions in the 
membrane lipid bilayer (Chapman 1975). The Arrhenius plot of the potassium 
conductance, GK, on temperature is linear in the range from 5°C to 20CC. The 
calculated activation energy is 42.8 k J . m o r 1 (p>0.005). 

Fig. lc, d demonstrates that the increase in /Ca is also present when the 
outward currents were suppressed in intact fibres with 150 mmol/1 TEA + . A new 
phenomenon became evident under these conditions at lower temperatures. The 
slow component of inactivation failed to relax completely; and the 7Ca was rather 
maintained at a definit steady level. 

Also, in cut muscle fibre segments in K-free internal medium, the inward 
current increased with the decreasing temperature as demonstrated in Fig. le, f. 
The increase in 7Ca determined on five muscle fibre segments was 12,5% at 15°C, 
17,3% at 10°C and 28,3% at 5°C, in comparison with JCa determined at 20°C. 

Two parameters of the inward current were evaluated: the time to peak (ia) 
which characterizes activation, and the time constant of inactivation (rh) which was 
determined by the two-pulse method (Henček and Zachar 1977). 

The Arrhenius plot of u (log 4 versus 1/T, the reciprocal value of absolute 
temperature) represents a linear function from which the activation energy of 
33.3 kJmol" 1 (p>0.005) was calculated. The Arrhenius plots of rh at various 
depolarisation were also linear with the mean activation energy 16.8 kJ/mol 
(p>0.05) . 

The activation energies suggest that the rate of activation is considerably more 
prolonged than the rate of inactivation, even if the energy of inactivation was 
determined from the time to peak, which is partially influenced by inactivation. The 
difference between the activation energy of 33.3 kJ/mol and inactivation energy of 
16.8 kJ/mol is, however, fairly distinct. It follows, that the maximum calcium 
conductance should decrease with the decrease in temperature. If instead the 
opposite effect is observed, namely I C a increase, the explanation should be looked 
for in other factors which determine the amplitude of the inward current. It has 
been reported by Kostyuk recently (1981) that Ca ions block the calcium channel 
from the internal site of the membrane at higher concentrations, when the 
temperature is decreased from 20°C to 5-7°C (10 - 7 mol/1 or 10"3 - 1 0 " 4 mol/1 
respectively). The 7Ca would then increase with the decreasing temperature due to 
the abolishion of the Ca 2 + feed-back blocking mechanism. A role could be also 
ascribed to changes in Ca ions distribution at the membrane, which are suggested 
to occur when the temperature is changed (Apter and Koketsu 1960; Brading et al. 
1961). 
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