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1 | Electrical activity of nerve:
| The background up to 1952

| SIR ANDREW HUXLEY
——

My interest in physiology, and in the physiology of
nerve in particular, dates from the autumn of 1935,
when | went up to Trimity College, Cambridge, as an
undergraduate. | was expecting to specialize in physics,
in which 1 had been very well taught at school, but the
rules of the Natural Sciences Tripos {“tripos™ is a Cam-
bridge word for courses keading to a first degree) re-
quired me 1o 12ke a thard experimental science as well
as the physics, chemistry, and mathematics that were
the obvious choices. 1 picked physiology on the advice
of a friend a few years older than myself who told me
that it was a lively subject in which even the initial
courses included matenial recently discovered or even
still controversial, unlike the courses in physics, which
induded nothing thar had not been cur and dried for
decades. 1 was inspired to switch to physiology as my
final-year specalty subject largely by my reachers
W. A. H. (William) Rushton and F. |. W. (Jack) Rough-
ton and by personal contacts with Glenn Millikan (son
of R. A. Millikan of the oil-drop experiment; too little
known on account of his death in 1946 in a climbing
accident) and Alan Hodgkin, all Fellows of Trinity Col-
lege working in the physiology laboratory. E. D. Adrian
(later Lord Adrian, Master of Trinity College and Pres-
ident of the Royal Society) was also a Fellow of Trinity
College, but 1 hardly came across him until my final
undergraduate year because he was a research professor
of the Royal Socicty, taking little part in undergraduate
teaching, until 1937; in that year he became head of
the Depariment and m my final year he lectured 10 us
on the central nervous system.

Thope that my account of the ideas then current about
nerve conduction and of developments up to 1952 is
not too heavily biased by my Cambridge background.

EXCITATION OF NERVE

Our first-year lectures on nerve were given by William
Rushton. We were, of course, taught the clementary
facts about excitation of nerve, mostly established in
the mid-19th century in Germany by experiments on

the sciatic nerve of the frog with the gastrocnemius
muscle attached to indicate by its contraction whether
the motor nerve fibers had been activated: the impulse
arises at the pomt where a sumulating current of short
duration leaves the nerve (the cathode) and it travels in
borh directions. If a direct current of fairly long duration
is used, an impulse may be set up both at the cathode
at the start of the current and at the anode when the
current is terminated (anode break excitation). There
is no response if the strength of the stimulus is below
a well-defined critical level (the “threshold™), and the
response increases with sumulus strength up to a max-
imum; the impulse is accompanied by 2 wave of elec-
trical negativity passing along the surface of the nerve.
A second sumulus is ineffective if it follows a maximal
stimulus within a certain ume interval (the “absolute
refractory period,” roughly equal to the duration of the
propagated electric change), and this is followed by a
“relative refractory peniod™ m which the threshold is
higher than when the nerve is fully rested. The threshold
value of current strength varies inversely with its du-
ration, the product of these quantities approaching a
finite limit as the duration is reduced toward zero.

THE ALL-OR-NONE “LAW"
Ee——

At the turn of the century, it had been debated whether
the gradation of response with strength of stimulus was
solely a marter of the number of fibers within the nerve
trunk being activated, or whether the impulse in an
individual fiber could vary with the strength of the sum-
ulus. The former alternative was found to be correct:
the invariant “all-or-none™ character of the propagated
response of individual motor nerve fibers, and of in-
dividual fibers of skeletal muscle, was well established
in the first decade of this century by Keith Lucas (1905,
1909) (another Fellow of Trinity College, and, like Mil-
likan, too little known on account of his carly death in
a flying accident during World War 1), using the twitch
of a muscle fiber or a motor unit as the indication of
activity. It was recognized that the energy dissipated by
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