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Sir Charles Scott Sherrington (1857–1952)
Prasanna Venkhatesh V
Twentieth century bore witness to remarkable scientists who
have advanced our understanding of the brain. Among them,
Sir Charles Scott Sherrington’s ideas about the way in which
the central nervous system operates has continuing relevance
even today. He received honorary doctorates from twentytwo universities and was honoured with the Nobel Prize in
Physiology or Medicine in the year 1932 along with Lord
Edgar Adrian for their work on the functions of neurons. He
developed our modern notion of the reflex as a model for how
the periphery and spinal cord connect sensation and action.
“...To move things is all that mankind can do, for such the sole
executant is muscle, whether in whispering a syllable or in felling
a forest.”
–Sherrington
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Sherrington had the genius to see the real need to amalgamate the
scattered ideas in neurophysiology at that time, to give a comprehensive overview that changed our perception of brain functions.
In a career spanning almost sixty-five years, he published more
than three hundred and twenty articles and a couple of noteworthy
books. He was a man of admirable qualities and greatness, which
is evident from the enviable number of articles, commentaries
and books that have been written about his life, his approach to
science and the world in general. In this article, I will try to
highlight some of the important aspects of Sir Charles
Sherrington’s life and work that shed light on the fundamental
organisation of the nervous system. I will also discuss the genesis
of those ideas and circumstances that ushered in new insights.
Early Life and Studies
Keywords

Sherrington was born in 1857, Islington, London. He and his two
younger brothers were raised by his mother and step father
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Sherrington read
widely, and even
before matriculating
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Elements of
Physiology, given to
him by his
stepfather.

Dr. Caleb Rose, as he lost his father while he was very young. He
attended Ipswich Grammar school and excelled at writing history, literature, and classics. Thomas Ashe, an assistant school
master and a gifted poet was one of the greatest influences on
young Charles. Sherrington’s love for poetry, literature, books,
and desire for travel were all because of him. Despite Sherrington’s
diminutive stature, he was interested in rugby and rowing.
His stepfather was a well-read physician, a classical scholar, an
amateur geologist, and an archaeologist, and formed a lasting
impression on Sherrington. Dr Rose’s home was covered with
fine paintings and he would invite creative people for tea, and talk
about new discoveries and achievements. This created an atmosphere for young Charles to retain his boyish sense of wonder.
Sherrington read widely, and even before matriculating he had
studied Johannes Muller’s Elements of Physiology, given to him
by his stepfather. He managed to balance his interests in science
and medicine and his love of poetry and studying art. He was
determined on a medical career and joined the St. Thomas Hospital and Edinburgh University in 1876 and started his clinical
training. After completing his medical training at Edinburgh he
joined the Gonville and Caius College, Cambridge as a noncollegiate student in the year 1879. A year later he was officially
admitted to the college.
Cambridge
Cambridge provided an ideal environment to Sherrington to hone
his skills and he obtained the highest total of his class. His interest
in Physiology was awakened by Michel Foster’s textbook on the
subject. Sherrington was inspired by David Ferrier’s research on
the cerebral cortex; later on he would dedicate his classic book
The Integrative Action of the Nervous System to his hero, Ferrier.
He became a student demonstrator under Professor Humphry in
the Anatomy Department, Cambridge. The Physiology Department at Cambridge boasted of having two great physiologists of
the autonomic nervous system of that time, John Newport Langely
and Walter Gaskell. Gaskell was a constant source of good advice
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to Sherrington and would change the course of his research from
understanding the cerebral cortex to looking at the spinal cord in
the later years.
Cortical Localization
The Seventh International Medical Congress took place in the
summer of 1881, in London. The Congress had over a hundred
sections on various topics and presenters. Friedrich Goltz from
Germany, and David Ferrier from King’s College Hospital, London, initiated a debate on the cortical localization of functions by
taking opposite viewpoints. Ferrier showed that one of his monkeys with lesions to its left motor cortex was unable to move its
right limbs. He also showed another monkey with bilateral temporal lesions; that monkey was deaf and did not react to any
sound. Inferring from these specific loss of functions, he put forth
the idea of the localization of cortical functions. In contrast, the
dog exhibited by Goltz did not show any sensory or motor deficits
in spite of the surgical damage made to its cortical regions as
claimed by Goltz. A four-member committee was setup to investigate the brains of the dog and the monkey. Langley was given
the brain and spinal cord of the dog which Goltz had brought.
Langley asked Sherrington to help him with the assignment of
assessing the neuronal degeneration. They published their work
on Goltz’s dog and it was the first publication of Sherrington
when he was still an undergraduate in the year 1884. The result
demonstrated that not all cortico-spinal projections of the dog got
degenerated; the observed motor functions were due to the projections that were intact. Hence the work by Langley and
Sherrington supported the findings made by Ferrier that cortical
functions are localized. Sherrington obtained a ‘studentship in
physiology’ and went to work on the patterns of nerve degeneration in the spinal cord with Prof. Goltz in Germany in the year
1884–1885. This early exposure to spinal cord research had a
huge impact on the rest of Sherrington’s career.
Excursions in Pathology, Histology and Bacteriology
In the year 1885 there was an outbreak of cholera in Spain and
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1

Discovered that bacillus is re-

sponsible for tuberculosis.
See Resonance, Vol.11. No.9,
2006.
2

Pioneer in the development of

ideas related to the chemical
transmission process by which
a nerve might s timulate a
muscle.
3

Proposed the Neuron Doctrine

in 1891; which stated that the
nerve cell and its fibers constitute the basic unit of the nervous
system.

Italy. Sherrington, C S Roy and Graham Brown were deputed to
investigate the epidemic outbreak. There he investigated the
effectiveness of the cholera vaccine claimed to have been discovered by a Spanish physician. The report submitted by the trio
discredited the claims made for the Spanish vaccine. Later,
Sherrington independently examined some samples of the cholera vaccine at Robert Virchow's laboratory in Berlin. Subsequently, Robert Virchow sent Sherrington to work with the
famous bacteriologist Robert Koch1. Sherrington took a six-week
preliminary course and eventually stayed and worked with Koch
for almost a year till 1887. During this time he attended lectures
in brain sciences and histology by several scientists, viz., Hermann
Helmholtz, Emil du Bio-Reymond2, and Wilhem Waldeyer3.
After his successful trip to mainland Europe, Sherrington became
the Fellow of the Gonville and Caius College and Lecturer in
Systematic Physiology at St. Thomas Hospital, London in 1887.
Here he pursued his earlier interest in spinal cord physiology by
conducting studies on dogs and human spinal autopsies. It provided a unique opportunity for Sherrington to compare degeneration of the spinal nerves in humans with that in dogs, monkeys and
cats. In 1891 he was appointed as Professor Superintendent at the
Brown Animal Sanatory Institute of the University of London.
During his tenure Sherrington developed, with Armand Ruffer, a
vaccine for diphtheria. The vaccine was tested on his eight year
old ailing nephew who had come down with diphtheria. To his
surprise as well as the family doctor’s, the boy recovered from
illness. This was a joyous moment for both the scientists because
this was the first time diphtheria antiserum had been used to save
a life in Great Britain (1894).
Reflex Before Sherrington
The ancient Greeks knew that many complex bodily functions
like beating of the heart and breathing would occur without any
intervention of volition. These functions were considered to be
under the control of an indwelling psyche. The term reflex was
introduced in the medical literature by Thomas Willis. (also
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coined the word psychology). Willis proposed that the brain was
the organ responsible for the excretion of animal spirits. His
notion of reflex was that the nerve impulses travelled to and from
the brain, and that 'animal spirits' were reflected back toward the
periphery from the striatum. The concept of reflex was first
formulated by Rene Descartes in L’Homme (1662) to explain
involuntary movements (Figure 1). This concept was further
developed in the eighteenth century by the works of a Scottish
neurologist Robert Whytt. It was well known to the investigators
that a decapitated frog was capable of exhibiting various reflexes.
Robert Whytt believed that there existed a spiritual force for the
reflexive movements. Further developments for the concept of
reflex had to wait until the neural anatomy of the spinal cord was
fully elucidated. Although Claudius Galen indicated that the
sensory pathways to the spinal cord were different from the motor
ones going to the muscles in the first century AD, this concept lay
forgotten for a long time.
In the early nineteenth century, Sir Charles Bell found that
cutting the anterior roots4 of the spinal cord lead to convulsions,
while abolition of the posterior roots had little consequence on
the behavior. While Bell described the elements of reflex, he was

4

In anatomy and neurology, the

ventral root or anterior root is the
efferent motor root of a spinal
nerve. The dorsal or posterior
root is the afferent sensory root
of the spinal nerve.

Figure 1. Illustration of the
pain pathway in René
Descartes’ Traite de l’homme
(Treatise of Man) 1664. The
long fibre running from the
foot to the cavity in the head
is pulled by the heat and releases a fluid that makes the
muscles contract.
Source: Traite de l’homme.
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Vital discovery that
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higher area over a
lower one, had
profound
implications.

much more vague about the posterior roots. In the year 1822, a
French physiologist named Francois Magendie showed experimental evidence that the anterior root lesions caused convulsions
and paralysis, while the posterior root lesions deprived the animal
of sensation and pain at the level of lesion of spinal cord. The two
men established an important idea that the spinal cord consists of
separate motor and sensory pathways and laid down the anatomical foundation for further investigations. Marshall Hall, an Englishman, in the middle of the nineteenth century clearly rejected
vitalist accounts of the reflex and replaced them with a mechanistic explanation involving the nerves of the spinal cord and medulla. He reckoned that the spinal cord had two distinctive
functions: one is to execute reflexes and the other is to convey
impulses to the higher centres of consciousness. Hall is credited
for his excito-motor system, in which a purely reflected stimulus
leading to action could take place without sensation in the brain or
higher volition.
In 1863, a Russian physiologist named Ivan M Sechenov contributed some unexpected findings to the field. While examining the
simple leg withdrawal reflex of a frog, he realised that he could
inhibit the reflex by stimulating the segment of the spinal cord
just above the site where it was generated. The stimulation
suppressed the reflex activities and he reasoned that all reflexes
need not be excitatory, contrary to the prevailing notion. This
vital discovery that inhibition was a prerequisite of a higher area
over a lower one, had profound implications. It led to the idea that
a stimulus need not elicit a reflex directly, but could release a
reflex from inhibition. Although a lot about reflex was known
before Sherrington’s attention turned towards it, there was inadequate knowledge about the underlying circuitry.
The Knee-Jerk Reflex
Sherrington was invited to become the Professor of Physiology at
University College, Liverpool, in the year 1895. His time in
Liverpool (till 1914) was one of the most productive periods of
his career. As per the advice of Walter Gaskell, Sherrington
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Figure 2. A simple reflex circuit, the knee-jerk response (myotatic reflex), illustrates several points about
the functional organization of neural circuits. Stimulation of peripheral sensors (a muscle stretch receptor
in this case) initiates receptor potentials that trigger action potentials which travel centrally along the afferent
axons of the sensory neurons. This information stimulates spinal motor neurons by means of synaptic
contacts. The action potentials triggered by the synaptic potential in motor neurons travel peripherally in
efferent axons, giving rise to muscle contraction and a behavioral response.
Reproduced with permission from Purves et al., Neuroscience, Third Edition, Sinauer Associates, Inc. 2004.

turned his focus of attention from cerebral cortex to the spinal
cord, especially to knee-jerk reflex. By 1875 two German physiologists namely, Wilhelm Erb and Carl Westphal had described
the ‘stretch reflex’ elicited by hitting the tendon below the
kneecap (Figure 2). However, they interpreted the phenomenon
in two different ways. Erb identified the phenomenon as a true
reflex while Westphal reasoned it otherwise. Sherrington published two important papers in 1891 and 1892 supporting Erb’s
contention that the knee jerk was a true reflex. Sherrington’s
distinct contribution to this field is threefold. First, he clearly
mapped out the anatomical connections underlying reflexes.
Second, he showed that both excitation and inhibition are necessary for any action. Third, a unified individual depends on the
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There was at least a
functional, if not a
physical, separation
between the nerves
and the muscles they
innervate.

5

Efferent: A nerve that conveys

impulses toward or to muscles
or glands.
Afferent: A nerve that passes
impulses from receptors toward
or to the central nervous system.

6

The neural or electrical arousal

of an organ or muscle.

integration of reflex activity involving every level of the nervous
system. It was Sherrington’s genius to combine anatomy, physiology and behaviour into a unified logical scheme to shed light on
the functional organization of the interactions among spinal
circuits that regulate reflex action. He also coined the term
‘synapse’ (from the Greek sunaptein, meaning ‘to fasten together’) to describe the gap between the neurons and between
neurons and the muscles they innervate. The term synapse is
central to our understanding of reflex. Sherrington recognized
that there was at least a functional, if not a physical, separation
between the nerves and the muscles they innervate.
“If there exists any surface or separation at the nexus between
neurone and neurone, much of what is characteristic of the
conduction exhibited by the reflex arc might be more easily
explicable... At the nexus between efferent neurone and the
muscle-cell, electric organ, which innervates, it is generally
admitted that there is not actual confluence of the two cells
together, but that a surface separates them.... In view, therefore,
of the probable importance of this mode of nexus between neurone and neurone it is convenient to have a term for it. The term
introduced has been synapse.” [9]
The celebrated papers on the reciprocal innervation6 of antagonist
muscles began to appear in 1893. The law of reciprocal innervation states that, when a muscle contracts there is a simultaneous
inhibition of its antagonist. It means that inhibition is an active copartner of excitation and it is essential for coordinated movements. Using monkeys as subjects, Sherrington found that the
knee reflex involved a nerve impulse from the tendon to the spinal
cord, which was re-directed back out to the quadriceps (excitation, agonist). He also found that tapping the tendon caused
reduced muscle tension in the hamstrings (inhibition, antagonist)
that run along the back of the thigh. He repeatedly found reciprocal action of agonist and antagonistic muscles in all spinal reflexes. This finding emphasized the validity and significance of
the ‘synapse’ in nervous system circuitry and function. The
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simple explanation of the stretch reflex provided the template for
examining how motor mechanisms are progressively organized
and how neuronal networks are used by higher centers. The
unfolding of the functional anatomy of spinal cord and the muscle
connectivity by Sherrington clarified much confusion, uncertainty, and inaccuracy that had existed before.
“The role of inhibition in the working of the central nervous
system has proved to be more and more extensive and more and
more fundamental as experiment has advanced in examining it.
Reflex inhibition can no longer be regarded merely as a factor
specially developed for dealing with the antagonism of opponent
muscles acting at various hinge-joints. Its role as a coordinative
factor comprises that, and goes beyond that. In the working of the
central nervous machinery, inhibition seems as ubiquitous and as
frequent as excitation itself. The whole quantitative grading of
the operations of the spinal cord and brain appears to rest upon
mutual interaction between the two central processes, ‘excitation’ and ‘inhibition’, the one no less important than the other”
[4].
Sherrington’s Other Contributions
By the year 1904, Sherrington had over a hundred publications
and he was invited to give the Silliman Lectures at Yale University. Those ten lectures he gave would form the basis of one of the
landmark texts of neurophysiology, ‘The Integrative
Action of the Nervous System’ published in the year 1906. What
he meant by ‘Integrative action’ is given in the following excerpt
from the text: “The activity of interconnecting function of the
nervous system resolves itself into the coordination of the parts of
the animal mechanism”. The whole work supported the idea of a
synapse, which settled the debate in favor of the ‘neuron doctrine’
of Ramón y Cajal7 over the ‘reticular theory’ of Camillo Golgi.

7 See

Resonance, Vol.15, No.11,

2010.

In the year 1913, Sherrington became Waynflete Professor of
Physiology, Oxford University. While working on the knee-jerk
reflex, Sherrington realized that the functional role of the sensory
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Figure 3. The innervation
arising from a single dorsal
root ganglion and its spinal
nerve is called a dermatome.
The full set of dermatomes of
an adult is shown here. Knowledge of this arrangement is
particularly important in identifying lesions in the spinal
cord.
Source:
htt ps :// www.s tudyb lue.c om/
#flashcard/review/9446953

and the motor roots needs to be fully established. He took a huge
endeavour to map the sensory receptive fields and the motor
connections to spinal cord by doing behavioural assays. Using
monkeys as subjects, he severed one or more spinal roots above
and below the one under study, and by looking for areas of lost
sensitivity or motor losses and mapped the segmental patterns of
afferent and efferent innervations of specific muscles. He single
handedly mapped the sensory receptive fields (dermatomes) and
the motor nerve roots (myotomes) of the spinal cord, which took
him over a decade of effort (Figure 3). This made an impact on the
work of both laboratory scientists and practicing physicians.
Earlier it was assumed that all the nerves passing from spinal cord
to muscle produced only movements. The muscle was not believed to have any role in sensation. When the anterior roots were
severed, Sherrington discovered that half of the fibers in the
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spinal cord were unaffected. This raised several questions of
whether muscles conveyed sensory information. Sherrington was
convinced that muscle receptors are quite different from skin
receptors. By 1860, it was discovered that a long bundle of fine
threads was embedded in the muscles and these were called
‘muscle spindles’. While cutaneous (i.e., skin) receptors provide
information derived from external stimuli, these receptors provide information about mechanical forces arising within the body
from the musculoskeletal system. Sherrington correctly surmised
that these served as sensory organs and their role was of ‘length
recorders’ that provide feedback about muscle tension for controlling motor actions better and coined a word for this phenomenon – ‘proprioception’.

These motor maps
of the ape brain
benefited
neurosurgeons
and neurologists.

After much work with the spinal cord, Sherrington moved to the
cortex. Gustav Fritz and Edmund Hitzig produced the first experimental evidence that the motor cortex is involved in the production of some movements by electrical stimulation. A S F Grunbaum
(as Leyton) and Sherrington mapped the motor representation in
the cortex of the chimpanzee, gorilla, and the orangutan. This was
a significant step forward from the maps of Fritsch and Hitzig.
These motor maps of the ape brain benefited neurosurgeons and
neurologists. Later on, one of Sherrington’s students (Wilder
Penfield) would map the entire sensory and motor cortex of the
human brain, which came to be popularly known as Penfield
maps.
Sherrington as a Teacher and Mentor
Sherrington was respected as a beloved teacher and mentor, and
many of his students and colleagues have written fondly about
their time with him in his laboratory. He would never make
unkind remarks about his professional colleagues or his students.
He neither showed pomp nor arrogance. He prepared a number of
advanced laboratory exercises in physiology for his students and
published them as manuals. Sherrington was mostly shy and
cordial in person, which he compensated by writing wonderful
letters. From his letters one can find that his message was
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Sherrington was
one of the
important donors
of medical books
to the museum. He
was very kind,
courteous, and
gentle in criticism,
which endeared
him to many
generations of
students.

condensed but elegant, and left the recipient with a feeling of awe,
warmth, and affection. Like his stepfather, Sherrington was very
famous for his hospitality, and he would often invite students and
colleagues for discussions over tea.
After retiring from Oxford, Sherrington was engaged in a variety
of activities. He loved collecting old books and manuscripts,
reading foreign languages, and studying art. During this time he
wrote a number of poems and indulged in philosophy. He published Man on His Nature, one of his most philosophical and
creative endeavours. It contains his philosophical thoughts about
the mind, human existence, altruism in association with natural
theology. He served as a trustee of the British Museum and helped
in acquiring rare books and manuscripts. He was one of the
important donors of medical books to the museum. He was very
kind, courteous, and gentle in criticism, which endeared him to
many generations of students. He wholeheartedly appreciated
and admired the work of others. From the accounts by one of his
students Sir John Eccles, iit is clear that Sherrington was an
excellent raconteur and there was always an element of humour in
his conversations. After his death in 1952 at the age of 92, there
were numerous obituaries by his students and colleagues. These
writings convey a deep and sincere affection for Sherrington as a
person as well as a great mentor.
Conclusion
Sherrington showed tremendous courage of spirit and matchless
integrity in his work. He turned anatomical facts of the nervous
system into physiological language. Many of the basic concepts
in physiology and terms like proprioceptive, myotactic, motor
unit, neurone thershold, synapse which came out of his work are
now second nature to every student in neuroscience. He was a true
leader in the field of physiology, neurology, and psychology.
Even after hundred years, his works continue to influence active
research in neuroscience.
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Description of the Cover Page Image

(Courtesy: W ikipedia)

Sherrington’s diagram of two excitatory afferents, a and b, with their fields of supraliminal effect in the
motoneurone pool of a muscle. The same diagram inspired the stained glass window of the dining hall
at Gonville and Caius College, Cambridge, UK, commemorating Charles Scott Sherrington, which is
depicted on the front cover of this issue.
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