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Abstract

Physiological studies have during cold acclimation could be associated to electrical and /or neurochemical changes with adaptation
leading to non-shivering thermogenesis. Besides the action of glucagon, catecholamines or superconductor behavior could play a role in the
stimulation of thermogenesis. We have described a procedure for evaluating superconductor-like behaviour in frog and differences in the
concentration of monoamines in duckling sciatic nerve at different temperature acclimation in order to report an innovative study model of

species adaptation to cold.
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Introduction

Several studies of the nervous system dealing with electrical
conductivity have shown the existence of superconductor-like
behaviour in sciatic nerves of poikilotherm and endotherm [1,2].
Interestingly, Abdelmelek et al. [1] demonstrated that evolution
from poikilotherm (frog) to endotherm (rabbit) lead to a grade
shift in relative “superconducting” transition temperature
(Tc) at 240K and 300K respectively, thus showing an adaptive
mechanism involving electrical conductivity “superconductor-
like behavior” in sciatic nerves. The superconductor-like
behaviour in sciatic nerves can be regarded as a characteristic
of species [1,2]. Superconductivity is the ability of certain
materials to conduct electric current with zero resistance.
The name given to the phenomenon was due to the very high
electrical conductivity below the critical temperature. It might
therefore be expected that natural selection on nerve or neuron
conduction could have caused several structural changes [1-3].
The conduction velocity is dependent on the axonal diameter,
the presence of myelin and the properties of the membrane
[1,2]. Electrical activity is of major importance in the function
of nerve cells, playing a fundamental role in the transmission
of signals and in the processing of information in the nervous
system. Recent data showed a modulation effect of temperature
(279K) on the sciatic nerve or spinal cord monoaminergic
system in ducklings [1,2]. Thus, natural selection on nerve or

neurone (chemical and electrical) conduction could have caused
several structural changes.

Electrical properties of frog sciatic nerve at low
temperature

Our studies point to the existence of a striking decrease of
nerve resistivity at about 240 K in frog sciatic nerves, showing
a superconductor-like behaviour. When the electrical contacts
were embedded into the nerve, a linear decrease of the sciatic
nerve resistivity is observed at 240K < T < 300K in frog
and a rise of electrical conductivity is apparent below 234K
respectively. This dependence is generally associated with a
metallic behaviour. Then, once the sciatic nerve temperature is
driven below 234K in frog, the resistivity decreases abruptly and
then it remains constant. Electrical evolution below 234K can
be regarded as a superconductor-like behavior. Recent results
have demonstrated the existence of superconductor-behavior
in nerve or DNA [1-5]. Understanding these complex functions
requires a multidisciplinary approach. The present study on the
sciatic nerve revealed a temperature dependency of the electric
resistivity. According to our findings, the marked decrease of
resistivity at low ambient temperature can be mediated by a
mechanism, which has many similarities with inorganic and
organic superconductors [1,2,4]. Thus, the decrease or increase
of temperature has a proportional effect on the sciatic nerve
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resistivity and could be used as a test of integrity of nervous
system during freezing process. By contrast, difference between
endotherm (rabbit, Tconset: 300 K) and poi kilotherm (frog,
Tconset: 250K) could be explained by fundamental anatomical
and functional nerves properties related to the development of
metabolic function and the development of myelin [1]. Nerve
fibres conduct nerve impulses very quickly because the myelin
sheath has gaps, which allows the nerve impulse to jump from
gap to gap and travel faster [1]. The temperature transition
(Tconset) in the sciatic nerves of frog remains constant and
reproducible. If we assume the existence of “superconductivity”
behavior in nerves, there is an increasing evidence to attribute
this superconductivity to myelin sheaths.

Duckling sciatic nerve monoaminergic
response to cold acclimatization

system

Physiological studies have shown that changes in
circulating catecholamines levels during cold acclimation
could be associated with adaptive changes leading to non-
shivering thermogenesis (NST) [6,7]. Besides the action of
glucagon, catecholamines play a role in the stimulation of avian
thermogenesis [8,9]. Previous study from our group suggests
the presence of adaptive mechanisms involving the spinal
cord dopaminergic and serotonergic pathways after chronic
exposure to cold. The present study demonstrates that chronic
cold exposure stimulates the noradrenergic activity in the
duckling sciatic nerve. By contrast, cold exposure failed to alter
the dopaminergic and serotonergic activities. Our data show
that NE, DA, 5-HT, DOPAC (3, 4-dihydroxyphenylacetic acid) and
5-HIAA (5-hydroxyindolacetic acid) can be readily detected in
sciatic nerve extracts of 6 week-old ducklings. The data show a
similar distribution of monoamines and their metabolites in the

right and left sciatic nerves. 5-HT and DA and their metabolites
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remained unchanged following cold exposure. We have described
a procedure for evaluating superconductor-like behaviour in
frog and differences in the concentration of monoamines in
duckling sciatic nerve at different temperature acclimation.
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