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In previous papers dealing with investigations of the effect of temperature on isolated frog and turtle nerves
[2, 3], it was shown that the constants a and b in Gorveg' s" *formula [8] vary in opposite directions with tem-
perature changes of 10° made in the temperature range from 5 to 30° C. On cooling, the theobase of the tissue
(constant b ) is reduced, and the excitibility to stimuli of long duration increases; at the same time the thresh-
hold of short~term excitability (constant a ) increases, 1i.e. the excitability to short stimuli falls, As a result,
the strength-duration curves of cooled and warmed nerves intersect, and the excitability to stimuli in the area
where the curves intersect remains constant over a certain temperature range. (The nerves of winter frogs form
an exception, and, unlike those of summer frogs, the strength-duration curves for the heated and cooled nerves

do not intersect.)
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Fig. 1. Logarithmic curves of strength — duration for the m.

flexor metacarpi radialis of the pigeon wing at 39°C (continu-
ous line) and at 28,5°C (dotted line).

*Deceased.

* *D. N, Nasonov and D, 1. Rosental' [1] showed that the constants a and b of Gorveg's formula V= (a/t) + b can
be used to describe tissue excitability if the index of t = 1. The constant a determines the excitability to very
short discharges. When t is very small, the value of a/t in the formula V = (a/t) + b becomes so large that the
value of b can be neglected; then V = (a/t) or a =t « V. The constant b determines the sensitivity to stimuli of
long duration, and is independent of the duration, because when't becomes very large, the value of a/t in the
formula V =(a/t) + b becomes negligeable, and then V=b,
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From this it may be concluded that the nerves of cold-blooded animals have the power to stabilize their
excitability in face of temperature changes, and that this constancy is maintained over the range of stimuli of
moderate length, a length which is approximately equal to that of physiological stimuli.

There are some differences between cold- and warm-blooded animals with respect to the dependence of
the excitability of theif nerves on temperature. The nerves of the former are able to regulate the excitability
to voltages of a certain length over a wide range of temperatures [2, 3], while in the latter, the regulation of the
excitability is effective only over a narrow temperature range — from 40 to 35°C [5].

A study of the excitability of the muscles of

AN » warm-blooded animals (rats) at different tempera~-
1,8 ‘\.,_ tures [4] has shown that on cooling from 20 to 10°C,

A 1 O . l.e. over arange of low temperatures, the excita-
b / 2: "‘\ bility of the muscles both to short (a) and to long
g " : \‘\ (b) stimuli is reduced, and that on heating to 20°C
% ;“’? \‘o\ it increases. However, on cooling or heating at higher
a8 %1 AN temperatures — from 20 to 30°C and from 30 to 40°C~
58 “17%3%; the excitability of rat muscle changes in the same
] 4 way as does the excitability of both nerve and muscle
™ . ., , — \ in cold-blooded animals [3, 5, 7}, i.e. the constants
S 24 -[8 14 -48-g4 = g4 0 1'4 ' a and b change in opposite directions. Cooling causes

Log. duration (in milliseconds) an increase in excitability to stimuli of long duration
(reduction of constant b) and a reduction of excita-
bility to short-acting stimuli (increase of constant a).
On heating, the reverse effect obtains: the excita-
bility to stimuli of long duration is reduced, while
that to short stimuli is increased.

_Fig. 2. Logarithmic curves of strength — duration for
the m. flexor metacarpi radialis of the pigeon wing
at 20°C (continuous line) and at 10°C (dotted line)s

On account of these results we have undertaken a further set of experiments on the muscle of warm-blooded
animals, but we have used another class.— that of the birds. .in order to discover whether the feature which we
found previously — the dependence of the excitability of rat muscle on temperature, is also true for warm-blooded
animals in general, or whether it is only a property of one particular species. The animals which we used for these
experiments were pigeons.

METHOD

The muscle employed was the m. flexor metacarpi radialis, which was particularly useful for the task in
hand. The muscles were isolated, bathed in Ringer's solution, and placed on electrodes separated by a distance
of 1.5 cm in a chamber through which flowed vaseline oil whose temperature could be changed by 10°C in 3-5
minutes; the temperature could be kept constant to an accuracy of 1°C, Stimulation of the preparation was ef-
fected by condenser discharges of different durations. The effect of the stimulation was recorded by the contrac-
tionofthe muscle. In some experiments the whole strength-duration curve of the muscle was plotted; in others,
in order not to damage the preparation, the measurements were confined to the constant b — the rheobase meas-
ured in volts, and the constant a — the short-term excitability, where 2 was found, as had been proposed by D. N,
Nasonov and D. L. Rozental’ [1], by multiplying the potential in millivolts required to cause a muscular contrac-
tion by the corresponding duration in milliseconds (mV * msecs). The results were considered reliable if the dif-
ference between the mean values, expressed as a percentage, was greater than three times the root mean square
€ITor.

-RESULTS

Altogether 3 sets of experiments were carried out over temperature ranges of 29-39°C, 20-30°C, and 20~
10-8°C. There were 7 experiments in each of the first and second groups, since the change of excitability with
temperature was very much the same for the two temperature ranges. In the third group, there were 10 experi-
ments. On cooling the m. flexor metacarpi radialis from 39 to 29°C, the excitability to brief stimuli fell onav-
erage by 48.7% (the threshold value represented by the constant a increases),and the excitability to stimuli of
long duration increased by 32.7% (the threshold corrésponding to the constant b, or theobase, decreases). Warming
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Fig. 3. Changes in the constant for short-term (a)
and long-term (b) excitability of the m. flexor me-
tacarpi radialis of the pigeon wing(in % of initial
value) on cooling the muscle from 30 to 20~-18°C and
subsequently reheating to 30°C,
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Fig. 4. Changes in the constant for short-term (a} and
long-term (b) excitability of the m. flexor metacarpi
radialis of the pigeonwing(in % of initial value)on
cooling the muscle from 20to 10°C and subsequently
reheating to 20°C,

the muscle caused a reversal of .his resuli:
the excitability to brief stimuli increased
by 85%, and that to long stimuli fell by 34%
(Table 1),

A logarithmic plot of the sawength~
duration curve of one such experiment is
shown in Fig, 1. Here the strength — dur-
ation curves taken at 89 and 29°C intersect
at a value of 0,05 milliseconds, Fig. 2 shows
changes in the constants 3 and b found dur-
ing the same experiment, and here, the
values obtained after heating or cooling
are expressed as a percentage of their ori-
ginal values. It is clearly seen from the
figure that on cooling, the two constants
changed in opposite directions, and that on
warming they almost returned to their ini~
tial values,

In the second set of experiments, a
study was made of the excitability of the
m, flexor metacarpi radialis on cooling from
30 to 20°C, and then reheating to 30°C, As
can be seen from Table 2, on lowering the
temperature from 30 to 20°C, the excita-
bility changed in the same direction as was
observed in the first set of experimenis: on
cooling, the rheobase was reduced by 28%
(the excitability increased), while on heat-
ing, it increased by 38% (the excitability
fell); at the same time, the excitability to
brief stimuli was increased by 58% on heat-
ing to 30°C, and on cooling to 20°C it drop-
ped sharply — on average by 21%%. Here
the standard deviation is very great, since
the fall in the excitability in these experi~
ments varies from 60 to T00%.

Thus, in the first and second sets of
experiments, the excitability constants (2
and b) of the pigeon muscie change in op-
posite directions, and are temperature-de~
pendent both for long stimuli lasting from
0.20 to 24 milliseconds, as well as for short
stimuli of from 0,02 to 0,008 milliseconds;
the excitability to short stimuli (a) changes
several times more than does the rheobase
{b). However, in all experiments of the first
two groups, there is a region in the strength-
duration curves in which the curves of both
the heated and coocled muscles intersect, ie.
for a certain intermediate duration of elec-
trical stimulus, the excitability is either in-
dependent of the temperature or depends
very little on it.

In the third set of experiments, we
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tried to reduce the temperature of the muscle still further, lowering it from 20 to 10°C and sometimes as far as
8°C (on cooling below 8°C the muscle excitability failed), after which the temperature was returned to the ini-
tial value. It was found that on cooling, the excitability to brief stimuli falls, on average, by 208%, i. e. the
same effect is observed to occur on changing temperature in the experiments described above. However,
there is now the difference that the excitability to stimuli of long duration is also lowered by 51%. On heating,
on the contrary, the excitability to short and to long stimuli is increased, so that both constants a and b are re~
duced. As can be seen from Table 3, the results of this set of experiments are statistically significant. Fig. 2
shows stength - duration curves from one of these experiments. The curves do not intersect, and any point on
the curve falls in a region where the excitability is related to temperature; the relationship fs different in the two
cases — the excitability to short stimuli being greater than that to stimuli of long duration. Fig. 4 shows the
changes in constants a and b from one of the experiments of this set, where the excitability of muscles to short and
to long stimuli falls on cooling, and almost returns to its initial value on heating. The difference between the
changes of the constants a and b in pigeon muscles on changing from one temperature range to another, can be
very clearly seen by comparing Figs. 1 and 2 with Figs. 3 and 4, In the first case, i. e, on changing the temper-
ature from 39 to 20°C, the constants a and b change in opposite directions; in the latter case, when the experi~
ments are carried out in a low temperature region, from 20 to 10°C, both constants change in the same way.

The results we have described allow us to conclude that temperature changes in the temperature range from
20 to 40°C causes little change in excitability for stimuli of moderate length, but that for either long or short
stimuli, the excitability changes in opposite directions. On changing the temperature from 20 to 10°C, the ex-
citability of pigeon muscle to stimuli of any length falls on cooling and increases on heating. Similar results
were obtained for both tonic and tetanic muscles of the rat [6]. Thus, no essential differences in the excitability
reactions of muscles were found to differentiate homothermic from poikilothermic animals [5, 6, 8], The only
feature distinguishing the two groups of animals is the particular temperature range over which the strength-dur-
ation curves intersect, the intersection showing that there is a region over which the excitability to stimuli of mo-
derate duration is constant. For muscles of warm-blooded animals, this temperature ranges from 40 to 20°C, while
for the muscles of cold-blooded animals, it extends from 25 to 5°C. In other words, for warm-blooded animals
in general, cell regulation of excitability in response to temperature change does occur, but over a different tem-
perature range than for cold-blooded animals,

SUMMARY

The author studied the effect of cooling and warming of pigeon’s m. flexor metacarpi radialis wing on its excita-
ability to prolonged and short electric stimuli, and on the voltage-time curve. Incooling the muscle from 20°Cto 10°
and 8°C and its subsequent warming to 20° Cthere is no intersection of the voltage-time curves. Excitability tostimuli
of any duration depends on temperature: it decreases with cooling and increases with warming of the muscle. Cooling
of the muscie from 40° C to 30°C and from 30° G to 20° C increases the excitability to prolonged stimuli and decreases it
toshort ones. In warming (within the limits of the temperatures mentioned above) the excitability to prolonged stimuli
is decreased and to short js increased.

The voltage-time curves cross in cooled and warmed muscles. Therefore, the excitability of the muscles to cur-
rents of certain medium duration (approximately corresponding to the duration of the physiological impuise), shows an
insignificant change at various temperatures. Consequently, there is a cellular adjustment existing in the muscles of
both warm~- and cold-blooded animals, controlling the excitability of the muscles and protecting them from sharp
changes at various temperatures,
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