
Chapter 4

The Prolific Years

In the life of every scientist who contributes something of
importance to his field there must have been a long period of
intense devotion to experimentation, reading, study, and think-
ing, taxing the patience of a dear wife who would find it difficult
to understand the sudden shifts in the husband's moods from
distant solitude and absent-mindedness to moments of obvious
elation depending upon intellectual revelations difficult to share
witli others. In Sherrington's life 1895 to 1919, the years at
Liverpool, were such a period of intense creation and study.
So far only those aspects of his work at Liverpool have been
presented that became normative for the future development of
theoretical neurophysiology as we know it today, but his
accomplishments included many other things which alone would
have made a lesser man satisfied with his day of labour.

During those years Sherrington wrote Integratioe Action, he
was responsible for some of the best chapters in Schefer's 2rr-
book of Phlsiologl, those on the spinal cord, the brain stem,
cerebellum and medulla oblongata, on cutaneous sensations,
and on the muscular sense, all of which are still highly readable,
forward-looking products of welldigested experimental experi-
ence and vast reading; he taught, even physiological chemistry,
sat on committees, and published reports as professors had to do
then as now; he built and organized a new laboratory, and wrote
much of the poetry in the Assaying of Brabantius not to mention
the experimental papers, from which only some leading ideas
can be extracted here. He wrote too much, said Cushing, but life
was exciting and the cup was full.

What would Sherrington have retorted, had he known of
Cushing's remarkl Possibly what he said to me once when we
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As a consequence the grime and soot of sixty-four years have
now been removed from the relief and the young charming
wives, attired d la Grecqut, can be admired in their original
beauty, possibly somewhat idealized.

In the opening address by the Rev. Thompson Yates there
were some words which Sherington at least would have listened
to with appreciation: '. . . I would urge you all, whatever your
profession, not to be satisfied with knowledge merely profes-
sional. You will make better doctors, better men of Science,
better citizens, and be of greater use to your fellow-creatures if
you know something of the side of human thought expressed in
the words Philosophy, Poetry, History, Literature. You have
not time ? Then make it somehow; I believe we aIl can do so,
and make ourselves better men and women by the self-denial
involved in the manufacture.'

The Unioersity of Liaerpool Recorder plublished in January
1960 an extract from the Memories of Sherrington by his scn,
C. E. R. Sherrington, which referred to the Liverpool years.

Writing to his mother in October, 1895, from Grove Park, Liverpool,
he described the house as in many ways like his devoted home at
Edgehill, Ipswich. . . . [In the city he found] the dista.nces small, and
the tramc countrified, and the shops too.

He was pleased with the climate which was bright and sunny
compared with that of London; and he was well received both
by his colleagues and the great Merseyside families who ruled
in the shipping world and society and, on occasion, also proved
willing to support his experiments.

One ofSherrington's early students, an otologist and surgeon,
H. V. Forster, in a brief address to the laboratory at Liverpool
( tsot ) has some interesting reminiscences of the young profes-
sor, worth putting on record:

I can see him now, coming through that door on my left in his black
gown (tsoz). There was nothing of the showman about him, but
much humility and respect. . . . We had heard with much curiosity
that at Liverpool when working with Griinbaum, Sherrington had
mapped out areas of function in the motor cortex of the chimpanzee
and even the gorilla, and in due time after instruction about the
reciprocal action of antagonistic muscles we were introduced to its
reversal in the leg area here both in strychnine and tetanus
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and Sherrington carried out work, still quoted today, on the
motor cortex of the chimpanzee, orang-utan, and gorilla. Other
members of the group were T. Graham Brown, F. .W. Mott,
and E. Schuster. In rsot Cushing joined them for a month. A
young American, R. S. Woodworth, proved good and was
tempted to stay on after having studied with Sherrington a

'pseudo.affective reflex' in the decerebrate preparation, recently
taken up again by R. K. S. Lim, but finally he retumed to the
States to become Professor of Psychology at Columbia Univer-
sity and live to a great age as the revered Nestor of the American
psychologists. In a letter to me (January 27,1954) containing
some reminiscences from Liverpool, Woodworth among ot-her

things pointed out that Sherrington began his day with research,
and not, as most professors, with minor matters of administra-
tion and instruction. Prominent among foreign guest workers
at Liverpool were Rudolf Magnus (see below), H. E. Hering,
discoverer of the carotid baro-receptor reflexes, and the
Austrian, Alfred Frtihlich, well known for his description of
the so-called adiposo-genital slmdrome. In his Sherington
Lecture of 1952 Fulton has some extracts from Cushing's
diary and concludes: 'Gay and busy days these were,
and Sir Charles ard Alfred Fr6hlich still recall them with
a lively sense of pleasure, as did Harvey Cushing while he

lived.'
'Glancing back in perspective,' says C. E. R. Sherrington in

the Lioerpool Recorder, 'the years at Liverpool were, I believe,
the happiest in his life, and my mother's too,' and small wonder.
Peace prevailed in the world and work in the new laboratory was
exciting. Guest workers came and stayed on to experiment
under Sherrington's guidance; visitors from the United States and
Canada in those days took the route by Liverpool, and inter-
national contacts witJr the European continent were developed,
officially, by his work as Anglo-American secretary of the con-
gresses, unofficially as well, by travel for pleasure during holi-
days. The young couple loved Paris. His wife, being partly of
French origin, spoke the language fluently but may not have
shared her husband's taste for browsing among the bouquiniste

stalls on the Rive Gauche and hunting up incunabula and old
books in libraries to lay the groundwork for his study of Jean
Femel and the ancient history of the Latin Quarter. For this
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The extremely detailed map of localization in the motor
cortex of primates which Sherrington and Leyton published
became the accepted standard for many yeari, but equally
important were the concepts they reached. Tirey emphasized the
functional instability and deviation of the response that became
evident as soon as the explored point was sufficiently small and
tested often enough over some time. A cortical poini represent-
ing, say, extension of the index finger is connecied to a number
of other points (cells) which repreient various combinations in
which this movement is elicited. A contraction of a particular
facial muscle may take part in chewing, in mimetic acts, in the
production of sound. 'And in the motor cortex this discrete
"representation" of small local items of movement, each highly
co-ordinated with others yet separably elicitable, insteaA of
becoming less evident with ascent to the higher types of hemi-
sphere, becomes more so. Thus, it is more evident i, cut *d dog
than in rabbit, more evident in the Macaque than in cat or dog-,
in baboon than in Macaque, in gibbon than in baboon, and in t[e
chimparzee, orang, and gorilla than in gibbon. . . . phenomena
such as "reversal of response" (from one type of movement to
its opposite), "facilitation", and "deviation of response,,
prominent in cortical responses and accounting for the func-
tional instability of cortical motor points, are indicative of the
enormous wealth of mutual associations existing between the
separable motor cortical points. Those associations must also
be a characteristic part of the machinery by which the s),nthetic
powers of that cortex are made possible.'

We have not since found it necessary to alter in any funda-
mental way the picture Leyton and Sherrington gave of the
functional organization of the motor cortex even though the
number of sites in the cortex from which motor effects can be
elicited has since increased.

Localization of function has always been a field in which
physiologists, anatomists, neurologists, and neurosurgeons take
a common interest. It is hardly necessary to dwell upon the
ne..d for functional maps in cli-nical *o"li. Or," "*u*il" -rysuffice. Hughlings Jackson, from studies of focal epileptogenii
fits, had predicted the localization of the motor area one year
before Fritsch and Hitzig discovered f1t by direct electiical
stimulation.
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and the spinal cord. Without it, the integrative action of the
central nervous system can never be fully apprehended.

Thus with Sherrington, who on Gaskell's advice had fled
from the clair-obscure of cortical physiology into t}le relative
daylight that study of the spinal cord seemed to Promise, was
forced back to his original point of departure by observations
and circumstances which should now be briefly reviewed in
order to illuminate his development as an experimenter and
thinker.

During his visits to Goltz's laboratory, Sherrington had
become acquainted with the general symptoms exhibited by the
spinal dog and so was familiar with the fact that removal of
supraspinal control led to a state of shock characterized by great
depression of response to stimulation in the musculature below
the section. This was a striking demonstration of the importance
of the higher centres. In many respects this condition was
known to develop in different ways in dog and in man where it
was familiar, as a result of accidents for instance. Sherrington
had recourse to monkeys and soon found that both permanent
damage and initial shock are disproportionately greater in
monkeys than in cat and dog, and following out his case he
separated 'shock' as such from the later effects of isolation-
dystrophy. He found monkey and man more similar in their
symptoms than man and dog. 'The symptoms of shock, in many
monkeys, persist for days instead of hours and minutes, as in cat
and dog' (Marshall Hall Prize Address 'On the spinal animal',
1899). This is in keeping with the law of increasing encephaliz-
ation of control upwards along the phylogenetic scale (von
Monakow).

Sherrington studied the spinal state with his customary atten-
tion to every detail ofbehaviour, sensory, motor, vegetative, and
his work became normative both for the clinic and the laboratory.
Several of his pupils have continued this work (Denny-Brown,
Fulton, Liddell, McCouch, Rioch), and for thirty years the
spinal or the spinalized, decerebrate animal has been a favourite
preparation in which to study the spinal cord deprived of central
control, especially in work on problems of sJmaptic transmission.
For such problems it is often necessary to simplify the neural
circuit. Thus, for instance, Lloyd in his analysis of monosyraptic
transmission in the forties found this preparation a valuable tool.
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rigidity, discussed above, is a kind of extensor spasm or exag-
gerated tone dependent upon intact afferents from the rig-id
muscles. But it is not the only form of extensor rigidity, as
Sherrington very well understood. Ablation of the cerebellum
will also cause rigidity, and comparing this state with the one
ensuing upon intercollicular section Sherrington with penetrat-
ing insight concluded: 'That the two conditlons are identical I
am not convinced' (1898). Later, but in his lifetime, pollock
and Davis contributed experiments which made it clear that
cerebellar rigidities did not vanish upon de-afibrentation.
Sherrington himself showed that rigidity in the forelimbs
increased when the spinal cord was sectioned at some lower
level. This finding is known as the SchiFsherrington phenome-
non because Schiff had made a similar observation on the frog
( 1859). In 1936 it was taken up again by T. C. Ruch. Today we
know a great deal more about the various factors determining
musculaitone (see later) and they have been *elt unrlysJ U!
Moruzzi in his important monograph with Dow, the latter
responsible for the clinical part (Phlsiology and patholog! of the
cerebellutv, 195a).

- The restricted space available for discussion of each subject
should not lead to the rash conclusion that nothing was known
about supraspinal factors influencing tone befort Sherrington
arrived on the stage. He had had great predecessors, especially
in the field of cerebellar physiology, and at least two namei
must be mentioned, those of Flourens (1294,-186?), in per-
spective one of the greatest of all French physiologists, and
Luciani (18{,q-1sl9), practically a contemporary, who had
published his famous book, Il Ceroellctto, in 1891. Ewald, whom
Sherrington krew well, had pointed out that destruction of the
vestibular organs reduces the tone of the skeletal musculature
on the side of the operation. Sherrington's standpoint that the
cerebellum miglrt be regarded as the central station for the
control of proprioceptive reflexes therefore had much support
in both old and contemporary experimentation.

Is this notion still valid t There are those who deny this,
basing themselves upon what Moruzzi has called the 'unexpected
discovery' that the cerebellum receives important projections
from exteroceptive senses such as the eye, the ear, and, in
particular, the skin. This was found almost simr.rltaneouslv in
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The work of Magmrs and de Kleijn is a model of pure inte-
grative physiology. It describes a large number of automatic
reflex adjustments of posture which are static 'figures'or else
sequences of co-ordinated acts, the most interesting being the
righting reflexes analysed in the thalamic rabbit and those
arising from the labyrinthine organs and the neck muscles (or,
rather, their ligaments, McCouch) which lead to characteristic
postural effects from the head upon body and limbs. These
involve the long spinal paths which Laslett and Sherrington had
studied ( t9o9 ). Magnus and de Kleijn were also inspired by their
own findings to make a fundamental analysis of the natural
stimuli to which the vestibular organs are sensitive, a field in
which another pupil of Sherrington's, the late Mario Camis,
professor at Parma, had much success. His excellent monograph
The Physiology oJ the Yestibular Apparatus, was translated into
English by R, S. Creed in 19so.

The integrative line and Sherrington's work on the cortex
appealed particularly to pupils of certain temperaments and
interests especially, of course, to those lvho wanted to devote
themselves to clinical work; the spinal cord work, as the years
went by, tended to become more theoretical and analytic and this
line therefore held out greater promise for the physiologists and
the theoretically minded. To the former group belonged John
Fulton ( 1899-t96o), professor at Yale University, who played
a great r61e as an inspiring force in brain physiology. 'The
establishment of the first laboratory of primate physiology in the
U.S.A. was a signal triumph' for Fulton, wrote Earl Walker
in his obituary and continued: 'experiments by the great workers
of the past were repeated there under more ideal conditions and
with anatomical controls so that they yielded more "meaningful,,
results.' In the thirties Fulton's laboratory attracted a large
number ofyoungneurologists and neurosurgeons from all over the
world and many more have sought information about the intri-
cate functions of the brain from his Physiohgy of the Neroous
Slrs/azz. Throughout his life, Fulton looked upon the Oxford
years and the guidance of Sherrington as his main source of
inspiration.

_ 
The most important clinical schools which owe allegiance to

Sherrington are the Montreal Neurological Institute, Wilder
Penfield's creation, where he and Herbert Jasper have for years
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