Ramon y Cajal: a century after the
publication of his masterpiece

Pedro J. Andres-Barquin

Santiago Ramoén y Cajal published the first of the three volumes of his principal life’s work in 1899, and
published the last volume in 1904. This book remains the definitive work on the morphology of the
vertebrate nervous system. In it, Ramon y Cajal describes the structure and organization of virtually all parts
of the nervous system and discusses his theories, including the neuron doctrine and the law of functional
polarization, which are the cornerstones of modern neurobiology. A century later, Ramén y Cajal’s work is

still fundamental to understanding the nervous system.

Countless modifications during evolution have provided
living matter with an instrument of unparalleled com-
plexity and remarkable function: the nervous system, the
most highly organized structure in the animal kingdom.
The dominant role played by the nervous system is
obvious. From its inception, this system mediated ever
increasing coordination between the various elements of
multicellular organisms, which were essentialy un-
structured, disorganized, and subject to al the vagaries
of the surrounding environment early on. The nervous
system provided these animals with the necessary
mechanisms for nutrition and defense, and the number,
precision, power, and coordination of these mechanisms
steadily increased. Furthermore, in the highest echelons
of life, it aso provided optimal means for survival:
feelings, thought, and will.

Santiago Ramon y Cajal

Santiago Ramon y Cajal (1852-1934) (Figure 1) is ac-
knowledged as the founder of neuroscience. Born on
1 May 1852 in the Spanish village of Petilla de Aragon
in a very modest family, Santiago enjoyed a childhood
in close contact with nature. Very early in his life, he
showed an ability to unravel nature’s secrets and a strong
liking for painting and drawing, aptitudes that would
later be of great importance in his scientific career.
Ramon y Cajal’s precocious artistic vein was repressed
by his father?, a man with a strong character, who
persuaded him to enter medical school at Zaragoza. This
was the starting point of an extraordinary scientific
adventure, which led him to explore the organization
and function of the nervous system and to publish the
most profound body of work by a single scientist in the
history of neuroscience.
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Figure 1  Self-portrait of Ramén y Cajal at the microscope,
c. 1910-1912.

Scientific books

The first volume of Textura del Sstema Nervioso del
Hombre y de los \Vertebrados® was published in 1899.
Thisis athree-volume work that Ramén y Cajal finished
in 1904 and considered the principal work of his lifel.
Thefinal version of this book, updated by Ramény Caja
and tranglated to French by his friend Leon Azoulay, was
published in 1909 and 1911 as Histologie du Systeme
Nerveux de I’Homme et des \ertébrés*; this remains
the definitive work on the morphology of the vertebrate
nervous system. In Textura and Histologie, Ramon y
Cajal summarized his work over two decades. In these
books, in addition to describing the structure and or-
ganization of virtualy al parts of the nervous system,
Ramon y Cajal discussed his theories, among them the
neuron doctrine> and the law of functional or dynamic
polarization®, which are the cornerstones of neurobiology
and the natural foundation for the study of the nervous
system (Figure 2).

Ramon y Caja made countless contributions to the
neurosciences, many of which can be found in his books
and have been translated to English. Textura, Histology,
Les Nouvelles Idées sur la Sructure du Systeme Nerveux
chez I"'Homme et chez les Vertébrés’ (a work that sum-
marizes his revolutionary view of the nervous system),
Estudios sobrela Degeneracion y Regeneracion del Sstema
Nervioso? (a monumental study containing his works and
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Figure 2 Ramon y Cajal’s drawing of neurons in layers 5-7
of the 15-day-old human infant visual cortex, using the Golgi
method. (A) Layer 5; (B) layer 6; (C) layer 7. Labels: a, giant
pyramidal cell; b, medium-sized pyramidal cell with a long,
descending axon; ¢, small pyramidal cell with an arcuate
ascending axon; d, pyramidal cell with an axon that
bifurcates into two arcuate branches; e, pyramidal cell with
an axon that gives rise to several ascending arcuate fibres;
f-h, stellate cells with an ascending axon ramifying in layers
5 and 6; i-k, pyramidal cells with an arcuate ascending axon
ramifying in layers 7 and 8.

ideas relating to neurogenesis, neuronal plagticity, and nerve
degeneration and regeneration), ¢Neuronismo 0 Reticula-
rismo?° (his posthumous work devoted to the defence of
the neuron doctrine) and his writings about the cerebral
cortex10 contain seminal investigations and ideas that are
as relevant today as they were when they first appeared
100 years ago.

Teaching

Ramon y Cajal was appointed Auxiliary Professor of
Anatomy and Director of the Anatomical Museum at the
University of Zaragoza, Professor of Anatomy at the
University of Valencia, and Professor of Histology and
Pathology at the Universities of Barcelona and Madrid.
He also was the Director of the Instituto Nacional de
HigieneAlfonso X111 (The National Institute of Hygiene),
the Laboratorio de Investigaciones Biolégicas (The Lab-
oratory of Biological Research) and the Instituto Cajal
(The Cajd Ingtitute), and was President of the Junta para
Ampliacién de Estudios e I nvestigaciones Cientificas (the
current Consejo Superior de Investigaciones Cientificas,
csic)n,

He was a dedicated teacher and mentor for more than
50 years, offering advice to students, young researchers
and colleagues. In 1897, he wrote Reglas y consejos
sobre la investigacion bioldgical?; in his own words,
‘Some rules and counsels designed to awaken the taste
and passion for scientific investigation in our young
teachers.’ 112 This book, recently translated into English,
has been broadly acclaimed. Ramén y Cajal’s scientific
excellence and devoted teachings'® led to the
establishment of the so-called Spanish school of
neurohistology (alarge group of outstanding pupils that
continued his work) and had an enormous influence on
generations of Spanish scientists.
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Figure 3 Ramon y Cajal’s drawing of neuroglia in the
white matter of the adult human brain, using the gold
method32. In some cells, the fibrillary apparatus is

clearly visible (A) whereas, in other cells, the strong
cytoplasmic staining prevents its visualization (B, C). Labels:
a, b, d, perivascular feet.

Literary works

Ramén y Cagja’s literary books, and particularly his
autobiography?, have been instrumental in gaining a deep
understanding of his character and the tenor of hislife. In
addition to being a passionate neuroscientist, he was also
interested in bacteriology, psychology, philosophy,
astronomy, drawing and painting, photography, litera-
ture, politics, and morel4-19. At the request of the pro-
vincial government of Zaragoza, in 1885, Ramoén y Cajal
carried out a comprehensive study of an outbreak
of cholera in Valencia and described for the first
time the ‘experimental proof of the formation of
antibodies, that is to say, of the possibility of protecting
animals from the toxic effects of the most virulent
bacillus by previously injecting hypodermically a
certain quantity of a culture which has been killed
by heat’12021, The prize he was awarded by the
Diputacion Provincial de Zaragoza for this study was a
magnificent Zeiss microscope, which placed him ‘on a
level technically with the best equipped foreign
microscopists.’

At that period of his life, he aso conducted in-
vestigations into suggestion and hypnosis, and their
usefulness for improving some clinical conditions and
decreasing pain?223. The understanding of the human
mind and the search for a link between neurobiology
and consciousness are leitmotifs in the work of Ramon
y Cajal. In his writings, one can find frequent thoughts
about the transcendence of his discoveries for psychology
and philosophy?16-18,
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Figure 4 Ramon y Cajal’s family. (A) His wife, Silveria Fafianas Garcia33, c. 1880. (B) Portrait of Silveria holding in her arms
their two younger daughters, Enriqueta and Paula, as an allegory of maternity, 1886. (C) Portrait of Enriqueta34, 1886.

(D) Self-portrait of Ramon y Cajal with four of his children in 1888. From left to right, they are Fe, Jorge, Cajal, Paula and
Santiago. (E) Family portrait in 1897. From left to right, the sitters are Luis, Pilar, Jorge, Paula, Santiago, Silveria and Fe.

(F) Family portrait, c. 1906. From left to right, the sitters are Paula, Cajal, Silveria, Fe, Pilar, Santiago35 and Luis. (G) Self-portrait,

c. 1920. All photographs by Ramén y Cajal.

Art had an important place in Ramoén y Cajal’s life4,
Painting and drawing were two passions that led him to
creste some of the most beautiful scientific illustrations ever
made (Figures 2,3). In collaboration with hisfather, he also
painted a colour atlas of human anatomy that was, unfortu-
nately, never published?s. Cajal was an enthusiast of the
art of photography and an accomplished photographer?.25.
He took hundreds of photographs (portraits, landscapes
and scientific photographs) (Figure 4). He had alaboratory
where he used to develop, and sometimes to manufacture,
the photographic films. Ramén y Caja was one of the
pioneers of colour photography in Spain. In 1912, he
published La fotografia de los colores: Fundamentos
cientificosy reglas précticas, abook entirely dedicated to
this subject?’.

Politics and popularity

Aswell asbeing very prolific, Ramén y Caja was a popu-
lar author. He wrote a variety of books intended for a
broad public, including Recuerdos de mi vidal, Charlas de
café!4, and El mundo visto alos 80 afios?s. ‘| takeinto con-
sideration that | am not writing exclusively for specialists,
but for a cultured public of varied interests 1. Alwaysinter-
ested in popularizing science, he adopted the pseudonym
‘Doctor Bacteria® and wrote articles about the ‘ marvels of
histology’ and science-fiction tales!.28,

Ramodn y Cagja was aways willing to give advice to
Spanish political leaders about national education and
science issues. Furthermore, he regularly contributed to
newspapers with editorials about avariety of issuesrelevant

Figure 5 Cajal (1924). This statue in marble of Santiago
Ramoén y Cajal, by the sculptor Mariano Benlliure, was
inaugurated in his honour at the School of Medicine of the
University of Zaragoza.
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to his country. He was appointed a senator for life and
was offered the position of Minister at the Spanish
Ministerio de Instruccion Pablica (the current Ministry of
Education and Culture), which he did not accept. Of the
countless honoursthat Ramén y Cajal did receive, the one
that he might have cherished most is the gratitude and
affection of his fellow countrymen (Figure 5). Ramén y
Cajal enjoyed enormous popularity in Spain that some-
how remains today. In fact, almost every city and village
in Spain has a street or square named in his honour and he
is widely known among the population. The Caja Insti-
tute of Neurobiology and many medical centres around
the country have also been named in his honour. Ramén
y Caja died in Madrid on 17 October 1934, and Spanish
citizens from every social class attended his funeral.

An incredible scientist, Ramoén y Cajal laid firm found-
ations for the study of the nervous system?29.30. He pub-
lished more than 300 major works, many of them book-
length monographs. He was awarded many scientific
prizes, among them the Moscow Prize by the executive
committee of the International Medical Congress of Paris
(1900), the Helmholtz Gold Meda by the Imperial
Academy of Science of Berlin (1905) and the Nobel Prize
in Physiology or Medicine (1906)3t. Santiago Ramén y
Cajal is probably the most prominent neuroscientist of all
time. A century after the publication of his masterpiece,
Ramon y Cajal’s work is still fundamental to understand-
ing the nervous system.
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