Neurosciences and History 2020; 8(2): 39-48

Manuela Serra and the Cajal school: part laboratory technician,
part neuroscientist
C. Nombela'?, E. Giné?*, F. de Castro*

"Department of Biological and Health Psychology. School of Psychology, Universidad Autonoma de Madrid, Madrid, Spain.
“Madrid Institute for Advanced Study, Madrid, Spain.

*Department of Cellular Biology. School of Medicine, Universidad Complutense de Madrid, Madrid, Spain.

“Cajal Institute-CSIC, Madrid, Spain.

This study has not been presented at any Annual Meeting of the Spanish Society of Neurology. Part of this study was presented at the XIV European Meeting on Glial Cells
in Health and Disease (Porto, Portugal) and at the 18th National Meeting of the Spanish Society of Neuroscience (Santiago de Compostela, Spain).

ABSTRACT

Introduction. This study analyses the figure of Manuela Serra, who collaborated with the Nobel laureate Santiago
Ramon y Cajal, as he himself noted in a list of collaborators and disciples in 1922, shortly before retiring.

Methods. We consulted the Legado Cajal (Instituto Cajal, Consejo Superior de Investigaciones Cientificas
[CSIC]), the archive of the Junta de Ampliacion de Estudios (CSIC), and the historical archive of the Universidad
Central (Universidad Complutense de Madrid), and conducted interviews with the descendants of Manuela Serra
and her sister Carmen Serra.

Results. Manuela Serra began working as a “preparadora” (laboratory technician) in the Laboratorio de
Investigaciones Bioldgicas (today, Instituto Cajal) in 1919, and soon stood out for her “sharp intelligence” In
1921, she published her only research article, which analysed gliofibrils in the spinal cord of frogs, illustrating
mitosis in a mature astrocyte and the presence of microglia for the first time in amphibians. The study featured
seven elegant illustrations by the author. During her time at the laboratory, Cajal acknowledged the quality of
Serra’s scientific work on many occasions, as did the Junta de Ampliacion de Estudios. Serra married in 1927 and
ceased to conduct research.

Discussion. This study is intended to complement a previous work (Giné et al., 2019) on the women researchers
among Cajal’s students, a subject not previously addressed in detail.
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Introduction

While the Nobel laureate Santiago Ramoén y Cajal (1852-
1934) specifically included the names Laura Forster and
Manuela Serra in the list of collaborators and disciples
he compiled when he was awarded the Echegaray Medal
of the Real Academia de Ciencias Exactas, Fisicas y
Naturales in 1922, the value of these women and their
scientific research was not acknowledged until very
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recently, when we completed our first study of women
researchers in the Spanish Neurological School (Cajal
school) between 1911 and 1945, who either worked
directly with Cajal or with one of his direct disciples.' The
study had a significant impact in national media outlets
covering scientific research; for example, the newspaper
El Pais printed an article on its back page addressing
the findings.> Following this publication, we were
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1.

ROGAD A DIOS EN CARIDAD
por el alma del sefior

D. José Serra y Lipez de Sagredo
Secretario Letrado
de 1a Fiscalia del Tribunal Supremo de Justicia
QUE FLLECIO
el dia 1.° de Septiembre de 1918
A LOS 55 ANOS DE EDAD
Después de recibir los Auxilios espirituales
y la Bendicién Apostélica de S. S,
Ry <P
Los Fxcmos. Sres. Presidente y Fiscal
del Tribunal Supremo de Justicia; su viuda
doiia Guadalupe Sabater; hijos Patrocinio,
Manuela, Maria, Carmen, José y Eduar-
do: hermana, hermanos politicos, fios, so-
brinos, primos y demds parientes.

Ruegan & sus amigos le tengan
wsncauts on cue oraciones.

Figure 1. Manuela Serra’s early life and presence at Cajal’s Laboratorio de
Investigaciones Bioldgicas. A) A note announcing the death of Manuela
Serra’s father José Serra y Lopez de Sagredo. B) A portrait of Manuela
Serra during the years she worked at the Instituto Cajal. C) A still from
the only known film of Santiago Ramoén y Cajal (centre, with microscope).
Back row: Francisco Tello (first on the left), Fernando de Castro (third left),
and Carmen and Manuela Serra (far right of the image, with Manuela just
in front of her sister, almost beside Cajal). The recording was made at the
Instituto Cajal in the mid-1920s.

contacted by relatives of Manuela Serra and her sister
Carmen, who provided us with a series of unpublished
biographical and documentary details, which constitute
a fundamental part of the present study. While the
scientific contributions of these women researchers
did not reach the level of those of other pioneering
women neuroscientists in Europe,' they do demonstrate

women’s contribution to the saga of scientific discoveries
of Cajal and his most distinguished direct disciples,
which paved the way for modern neuroscience. They
also complement data from numerous studies about
women in scientific institutions in Spain in the first half
of the 20th century that overlooked (where they did not
directly ignore) Laura Forster, Manuela Serra, Maria
Soledad Ruiz-Capillas, and Maria Luisa Herreros.**

Methods

Thisstudywas fully conducted in Spain between summer
2018 (when the study originally published by Giné et
al.! was started) and spring 2020 (when we completed
the historical research into Manuela Serra Savater,
the subject of the present article). Information was
consulted at the Legado Cajal (Instituto Cajal, Consejo
Superior de Investigaciones Cientificas [CSIC]), the
archive of the Junta de Ampliacion de Estudios (JAE)
(CSIC), and the historical archive of the Universidad
Central (Universidad Complutense de Madrid). We also
conducted interviews with the descendants of Manuela
Serra and her sister Carmen Serra, also a technician at
the Laboratorio de Investigaciones Bioldgicas/Instituto
Cajal. The relatives interviewed were José Antonio
Serra, José Garcia Serra, Eduardo Garcia Serra, and
Maruchi Marin Serra.

Results

To understand the careers of Manuela and Carmen
Serra at the Laboratorio de Investigaciones Bioldgicas
(officially renamed the Instituto Cajal in 1920), directed
by Santiago Ramon y Cajal from the time it was founded
in 1902, we must look back to their parents. Their father
José Serra y Lopez de Sagredo (1863-1918), a clerk at
the public prosecutor’s office of the Supreme Court of
Justice, and their mother Guadalupe Savater (1873-1960)
had six children (four girls and two boys): Manuela (the
second-born, 1900-1988), Carmen (the fourth-born,
1908-1990), Patrocinio, Maria, José, and Eduardo. Their
father’s premature death (Figure 1A) due to stomach
cancer left Guadalupe Savater caring for five young
children; the eldest teenage daughter had tuberculosis
and the youngest child was little more than a year old.
At the time, the Serra-Savater family lived at number 26,
Calle del Prado, Madrid; this is a key factor in the story, as
the Nobel laureate Cajal lived at number 22 on the same
street. Due to the family’s difficult economic situation,
Manuela, a high school graduate who according to
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family sources was “very bright, capable, and active,
was recruited by Cajal as a “preparadora” (laboratory
technician) around 1919 (Figure 1B and C).

Manuela Serra published her first and only research
article shortly thereafter, in 1921. In the study,” she
trialled a method recently described by Cajal for staining
neuroglial cells in the spinal cord of frogs. The method
was initially developed by Max Bielschowsky, and
El Maestro had introduced a new step, using formol
ammonium bromide solution.®®

There can be no doubt that Cajal suggested that she
perform this study to complement a preliminary work
conducted nearly 30 years earlier by Claudio Sala i
Pons,” whose conclusions are extensively cited in Cajal’s
magnum opus.'® Serra described the intracellular fibrils
of the ependymal cells and astrocytes in the frog spinal
cord, and reported the presence of “mesoglial” cells,
now universally known as microglial cells (at the time,
the term mesoglia [referring to the embryonic origin
of these cells and used by Serra in her article] was
used interchangeably with microglia [referring to their
morphology] and “Hortega cells” [named after Pio del
Rio Hortega, who discovered them]), in the white matter
and, in all likelihood, also in the grey matter.” This was
one of the first studies from the Spanish Neurological
School that unequivocally supported the existence of
these cells, described by the great Spanish neuroscientist
del Rio Hortega in a series of four articles in which he
untangled the composition of what Cajal called the
“third element” of the nervous system'"'* (for a recent
review of the subject and the first English-language
translation of these articles, see Sierra et al.'®). Serra
illustrated her article with a total of seven figures, some
of which featured multiple panels (Figures 2 and 3).
From today’s perspective, the detailed description of
enlarged astroglial processes under the pia mater and
the perivascular “sucker” feet (perivascular end-feet)
previously described in different neural structures by
Cajal, Achtcarro, and de Castro are of particular interest
(Figure 3A).1*¢17 Serra also illustrated the cell division
of an astrocyte (Figure 3B), a rare and highly interesting
eventin the adult nervous parenchyma: this was one of the
first descriptions of a neuroglial cell undergoing mitosis
despite being fully mature and possessing gliofibrils. The
phenomenon had been described during embryonic
development and in the central nervous system (CNS)
of adult birds and mammals by Cajal, Achucarro, del
Rio Hortega, and de Castro, as is eloquently discussed

A Nota sobre las gliofibrillas de la neuroglia de la rana.

MANUELA SERRA

(DEL INSTITUTO CAJAL)

Conforme es notorio,

después de los trabajos de Sala Pons (
Cajal, coincidentes con los de Lavd

dores, ]a medula espin

El tipo ependimal, q
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Figure 2. The heading of the original research article published by Manuela
Serra.® A) The heading of the article, which was published in Trabajos del
Laboratorio de Investigaciones Bioldgicas, signed by Manuela Serra as the sole
author. B) A drawing showing a transverse hemisection of the spinal cord
of an adult frog (figure 1 in Serra’s article), showing, among other elements,
neuroepithelial cells with robust gliofibrils, which have begun migrating
from the germinal zone (A), and the subpial feet of astrocytes (D). C) Detail
of radial glial cells passing through the white matter (originally published
as figure 2), showing subpial feet (A), bifurcation of glial processes (B), and
nuclei of cells in the white matter (a": oligodendrocytes or oligodendrocyte
precursor cells, in today’s terminology). D and E) Detail of the migrating
neuroepithelial cells described in A), originally published as figures 3 and 4.

in Serra’s article.” Specifically, she described this mitotic
division as:

A corpuscule in the process of mitosis (parent cell
star phase), whose soma, more or less round in
shape, exhibits numerous gliofibrils on its cortical
segment; these are distributed in a swirl, describing
S shapes, figure-eights, and other complex curves.®
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Figure 3. Images from the scientific article published by Manuela Serra.® A) Various dispositions of perivascular astrocytes
(originally published as figure 5): surrounding a vessel (A), at either end of a longitudinal section of a vessel, with a fine plexus
of interconnections (B), sucker feet surrounding a thin vessel (C), and the perivascular endfeet described by Achucarro (D). B)
An astrocyte undergoing mitotic cell division (originally published as figure 6). C) Microglial cells (described as mesoglia in the

original, and published as figure 7 in Serra’s article).

It should be noted that the ability of mature astrocytes
to undergo mitosis, and the contribution of this
phenomenon to neurogenesis in the adult CNS, were not
confirmed until the early 21st century. This phenomenon
has significant implications both in normal physiology
and for brain plasticity and repair. Arturo Alvarez-
Buylla, a Mexican neuroscientist based in the United
States and the son of a Spanish neuroscientist working
at the same time as Serra, with links to the Spanish

Neurological School, made a crucial contribution to this
discovery'®* (for a review of this subject, see Kriegstein
and Alvarez-Buylla®). All of Serra’s original illustrations
show remarkable skill, consistent with the fundamental
drawings by Cajal and almost all his direct disciples. In
fact, there is increasing recognition of the scientific and
artistic relevance of the drawings by Santiago Ramén y
Cajal, Pio del Rio Hortega, Fernando de Castro, Rafael
Lorente de N6, Domingo Sanchez, and Pedro Ramoén y
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A 2 INSTITUTO NACIONAL DE CIENCIAS

Presidente: Don Santiago Ramén y Cajal.
Secretario: Don Blas Cabrera y Felipe.
Director del Museo Nacional de Ciemcios Naturoles: Don
Ignacio Bolivar y Urratia.

Director del Museo de Amtropologia: Don Manuel Antén y
Ferréndiz.

Director del Jardin Botdnico: Don Eduardo Reyes Prosper
(hasta junio 1921), y después don Ignacio Bolivar y Urrutia,

T e g

Director del L Don
Santiago Ramén y Cajal.

Director del Laboratorio de Investigaciones Fisicas: Don Blas
Cabrera y Felipe.

Director de la de I 3

Prehistéricas: Sefior Marqués de Cerralbo.

'DIRECTORES ¥ ENCARGADOS DE LOS TRABAJOS
ORGANIZADOS FOR LA JUNTA

Fisica y Quimica-Fisica: Don Blas Cabrera y Felipe, don En-
rique Moles, don Angel del Campo, don Santiago Pifia de
Rubies, don Juan Torroja, don Julio Palacios, don Miguel
Catalin.

Geologia y Mineralogia: Don Eduardo Hernindez-Pacheco,
don Lucas Fernindez-Navarro, don José Royo y Gémez,
don Filiberto Diaz, don Pedro Castro Barea y doa Fran-
cisco Hernandez Pacheco de la Cuesta,

— 140 —

Botdnica: Don José Madrid Moreno, don Romualde Gonzilez
Fragoso, don Antonio Casares Gil, don Luis Crespi y Jau-
me, don Carlos Vicioso ¥ don José Cogolludo.

Zoologia: Don Ignacio Bolivar, don Luis Lozano, don Ricar-
do Garcia Mercet, don Celso Arévale, don José M.*
Dusmet, don Antonio de Zulueta, don Manuel Jerénimo
Barrose, don Candido Bolivar y Picltain, don Enrique Rio-
ja, don Manusl Ferrer Galdiano, don Gonzalo Ceballos, don
Manuel Sinchez, D, G. Tessman, doctor E. Reichenow,
don Manuel M. de la Escalera.

Paleontologia y Prehistoria: Don Eduardo Hernindez-Pache-
<o, sciior Conde de lIa Vega del Sella, don Hugo Ober-
maier y don Pablo Wernert.

L io de igaci i Don Santiago Ra-
mén y Cajal, don Gonzalo Rodrizuez Lafora, don Fran-
¢iseo Tello y Mufioz, don Jorge Ramén Fafianas, don Do-
mingo Sinchez y Sinchez, don Rafac! Lorente de No, don
José M.* Villaverde, don Fernando de Castro, don C.
¥ Gil, don J. Menéndez de Juan y dofia Manucla Serra.

Quimica: Don José R. Carracido, don José Casares, don An=
tonio Madinaveitia, don José Ranedo, don Antonio Tastet,
don Adolfo Gonrilez, don Miguel Campoy, don Earique
Carraseo, don José Blanco y don Fernando Diaz Agui-
rreche.

Hatemdticas; Don Julic Rey Pastor (hasta abril 1921), don
José Alvarcz Udc y don José Maria Plans.

El Institute Nacional de Ciencias, creado por el Real
decreto de 27 de mayo de 1910 y que recibié su actual
nombre por Real orden de 23 de diciembre de 1016, se
compone de los nicleos siguientes:

I Centros oficiales que tienen dotacion propia en
los Presupuestos del Estado y se rigen en su vida inter~
na por sus Reglamentos especiales:

Figure 4. Mentions of Manuela Serra in various documents from the JAE. A) A list of the highest-level officials of the Instituto Nacional de Ciencias,
including the Laboratorio de Investigaciones Bioldgicas (Santiago Ramon y Cajal was president of the former and director of the latter; JAE, 1922) and a list
of the directors or lead researchers of projects commissioned by the JAE at the Laboratorio de Investigaciones Bioldgicas (highlighted in gray). In addition to
the director and his best-known students, Manuela Serra appears last on the list (red arrow). B) A ticket from the archive of the JAE recording the decision
to supplement Serra’s salary in the light of her research work (JAE, 1925; Giné et al.").

Cajal, and they were included in UNESCO’s Memory
of the World Register in 2017.>'** Serra dedicated the
last lines of her article to an acknowledgement of “our
master Cajal for his guidance in the interpretation of
the histological slides and for taking the trouble to
assist us with the bibliography,” as well as “the advice
of Mr Lorente de NOo, assistant at the Laboratorio de
Investigaciones Biologicas™ In fact, Rafael Lorente
de No, a highly distinguished member of the Spanish

Neurological School,” began working alongside Cajal
on research into spinal cord regeneration in tadpoles at
approximately the same time that Manuela Serra began
studying adult frogs.”® It seems more than reasonable
to imagine that the studies of the young Lorente de N6
and Serra should be closely related to the work of Cajal’s
first female disciple, Laura Forster, a British woman
of Australian origin: during her time in Madrid, she
focused on the post-traumatic regeneration of the spinal
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Figure 5. Dedications demonstrating Santiago Ramén y Cajal’s high regard for Manuela Serra. A) A handwritten dedication
in a copy of Recollections of my life””: “To Manolita Serra, for whom I have a paternal affection and great respect for her tireless
hard work; eagerness to learn; her sharp, lucid intelligence; and her austere dedication to her duties as an employee. Madrid, 13
November 1923 B) A colour self-portrait of Ramoén y Cajal and close-up of the dedication to the Serra sisters. C) “To Manolita
and Carmen Serra, for whom I feel a paternal affection,” signed in Madrid on 21 October 1926.

rd of birds.”® It should also be noted that Serra signed
the study in January 1922, despite it being published in
the last volume of the laboratory’s journal from 1921,
the same year that Cajal’s memoirs mention Serra as
a direct disciple.”” This explicit acknowledgement was
already included in the report of the JAE for 1920 and
1921 (Figure 4A), which mentioned Manuela Serra
as one the working directors of the Instituto Cajal;
her name was given the same consideration as those
of the most distinguished members of the Spanish
Neurological School and EI Maestro himself.?® Serra
received an economic reward for her contribution in
1921, with a pay increase from the JAE (on 5 October,
she was receiving 225 pesetas per month for her work
as a laboratory technician); to date, this has only been
documented with a ticket recording the decision
(Figure 4B)."%

Around the same time, Cajal visited Serra’s family
home, offering to sponsor her to study at the School of
Medicine, where he would fund her training (interview
with the descendants of Manuela Serra, Madrid, October
2019), as he considered Serra to be highly intelligent and
a capable worker based on his daily dealings with her
in the laboratory. However, Serra’s mother Guadalupe
was against the idea, so Manuela ultimately did not gain
a university education (see below). The same family
sources report that whenever they heard Cajal described
as an earnest, strict man, both Manuela and Carmen
Serra (who also worked as a laboratory technician at
the Instituto Cajal, starting several years after her sister)
would comment that EI Maestro was always genial and
warm with them, and that he was friendly in general
with all laboratory staff, not only with the researchers.
Clear evidence of Cajal’s affection for and closeness
with the Serra sisters, and especially Manuela, is the
dedication in a copy of Cajal's 1923 book Recollections
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of my life to “Manolita” Serra (Manuela’s nickname at
the laboratory), “for whom I have a paternal affection
and great respect for her tireless hard work; eagerness
to learn; her sharp, lucid intelligence; and her austere
dedication to her duties as an employee” (Figure 5A),
as well as the colour self-portrait he gave her, with a
note written in October 1926 (Figures 5B and C). All
of these facts demonstrate that Cajal was not a man
to make class distinctions between people with and
without university education.

Therefore, Manuela Serra began her career as a budding
researcher at the Instituto Cajal in the early 1920s, later
becoming an experienced technician before eventually
leaving her work when she married the travelling
salesman José Garcia Lara in 1927. The exact dates that
her sister Carmen joined the Instituto Cajal and ceased
her scientific activity are not known (she probably would
have started in the mid-1920s); however, numerous
images, publications, and press articles at the Legado
Cajal place her at the Institute at that time; furthermore,
references in the correspondence of members of the
Spanish Neurological School seem to show that she was
still working there in 1930.%*! Cajal died in October
1934, after the Institute had been moved to its second
location at Cerrillo de San Blas (beside the Astronomical
Observatory near the Retiro park), many years later than
intended; this relocation and the loss of Cajal gave rise to
numerous power disputes at the new centre.?*'-*

With the outbreak of the Spanish Civil War in July 1936,
the Serra sisters and the rest of the family took refuge
at the Chilean embassy, located in the same building
as their home, which was owned by the Marquise of
Perinat (Figure 6A and B). Among the embassies and
envoys receiving the most refugees in Madrid in those
days of war and revolution, the Chilean embassy may
have taken in the most (approximately 4000 people),
eventually extending its protection to several buildings
across the city of Madrid.* Besides the Serra sisters, the
Chilean embassy is known to have protected numerous
conservative writers, including Rafael Sanchez Mazas,
Joaquin Calvo Sotelo, and Victor de la Serna, as well
as the publisher Javier Morata Pedrefio. Morata was
well known in Spain for his publishing house Editorial
Morata, which had published the work Conditioned
reflexes by the Russian Nobel laureate in Physiology or
Medicine Ivan Pavlov, as well as texts by Malinowsky,
Maria Zambrano, and Gregorio Marandn. After the
war and his return from his exile in Mexico, he would

Figure 6. The Serra family home; the Chilean embassy during the Spanish
Civil War. A) A recent photograph of number 26, Calle Prado, Madrid,
the home of the Serra family and the site of the Chilean Embassy during
the Spanish Civil War. B) A plaque installed at the building by the
Madrid city government as part of its “Memoria de Madrid” programme,
commemorating the fact that the Chilean ambassadors granted asylum
to numerous refugees during the conflict. C) A photograph from the
marriage of Carmen Serra (centre) and Carlos Marin (standing to her
right), the only wedding held at the Chilean embassy in Madrid during
the Spanish Civil War. The ceremony was organised and led by the
ambassador, Nufiez Morgado (wearing bow tie and glasses, standing to
the left of the bride). Manuela and Carmen Serra’s mother Guadalupe is
shown at the far right. D) A photograph taken at the Chilean embassy
in Madrid during the Spanish Civil War. The writer and co-founder of
the Spanish fascist organisation Falange Espafiola, Rafael Sdnchez Mazas
(centre, holding papers), is shown reading to the other refugees (including
the writer Samuel Ros, to his left, leaning on the shoulder of Sénchez
Mazas), as he did every night, from the novel he was writing at the time,
Rosa Kriiger. E) The 1984 edition of the novel.

publish numerous works by the neuropsychiatrist
Gonzalo Rodriguez Lafora (1886-1971), another of
the most distinguished students of Cajal, and Nicolas
Achucarro, one of the most productive members of
the Spanish Neurological School.****3 Carmen Serra
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married the industrial engineer Carlos Marin Océn, also
sheltered inside the Chilean embassy, on 14 March 1937,
with the ambassador Ntfiez Morgado leading the service
(Figure 6C). Theirs was the first and only wedding held
at the embassy, and was faithfully reported by Sanchez-
Mazas,* who wrote the novel Rosa Kriiger to entertain
the refugees, reading to them every night (Figure 6D and
E). Sanchez-Mazas’ misadventures during the Spanish
Civil War, including his time as a refugee at the embassy
in Madrid, were described years ago, and were made
into the successful film The Soldiers of Salamis.”” Finally,
in an exchange of refugees and prisoners between the
Republican and Nationalist sides of the war,* the Serra
family were able to move to Seville in 1938, where they
stayed throughout the rest of the conflict. After the war,
they returned to Madrid, where they remained until their
respective deaths in 1988 (Manuela) and 1990 (Carmen).

Discussion

The first evidence of the existence of women researchers
among the direct disciples of Cajal is demonstrated
by papers by Laura Forster from 1911, when some of
the Spanish Neurological School’s most genuine and
brilliant members (Pio del Rio Hortega, Fernando de
Castro, Rafael Lorenté de No6) had not yet joined."?
While these women neuroscientists were few, and their
contributions did not reach as high a level as those of
other women researchers in Europe at the time (the most
famous examples of pioneering women neuroscientists
are addressed in Giné et al.'), they merit consideration
in studies on the Spanish neurohistological school. In
any case, they are no less important than figures from
other areas of Spanish science, who have received some
degree of research interest**; this is very striking, given
the extensive literature on Cajal and his professional
setting, and particularly in the light of the fact that he
himself mentions them in his memoirs,” which serve
as the basis for all subsequent literature on Cajal. It is
certainly surprising that the Instituto Cajal’s well-known
librarian, Enriqueta (“Ketty”) Lewy Rodriguez does not
even mention in her well-known autobiographical work
(signed as Enriqueta L. Rodriguez) the presence, and
let alone the scientific contributions, of Cajal’s women
disciples, particularly given that she was close to the
classic Spanish feminist circles, and presented herself as
a feminist (this curious detail is discussed at length in
Giné et al.!).’®

In this context, Manuela Serra becomes a particularly
interesting figure. A Spanish woman, a well-
known laboratory technician at the Laboratorio
de Investigaciones Bioldgicas, her only scientific
publication was produced early in her career’ and
earned her the explicit recognition of Cajal and the
JAE: in addition to the pay rise she was granted in
February 1922, Serra was listed among the directors
of the Instituto Cajal in 1921.*% However, after
her family ruled out the possibility of her studying
medicine under the auspices of Cajal, Manuela Serra
returned to her auxiliary work until she married
and left the laboratory, as was customary at the time.

Returning to her scientific work, her research can be said
to fall within a line complementing that developed by
Cajal in the spinal cord of humans and vertebrates, which
led Laura Forster, Manuela Serra, and Rafael Lorente de
N6 to study the spinal cord of birds and amphibians, both
during adult development and in response to traumatic
damage.>*?® It is interesting that Cajal should encourage
all three researchers to follow the same complementary
line of research for their initial training within his group
of disciples. The study by Manuela Serra trials a variant
of Bielschowsky’s method, shortly after it was described
by Cajal,® and includes one of the first descriptions of
microglial cells in the Spanish Neurological School after
the pioneering description of microglia by Pio del Rio
Hortega.!'*** Tt is striking that Manuela Serra’s study
should be published during the time in which Cajal and
del Rio Hortega moderately and temporarily distanced
themselves from one another; we believe this to show
that this unfortunate distancing was more personal
than scientific.***! Furthermore, Serra’s study further
demonstrates the ability of mature astrocytes to undergo
cell division, which had previously been shown by Cajal
and other members of the Spanish neurological school,
but was not widely accepted among neuroscientists until
80 years later, becoming a key element in our current
understanding of neurogenesis in the adult CNS.*>*

Therefore, we can draw two important conclusions from
the case of Manuela Serra: 1) it disproves many assertions
about the figure of Cajal, demonstrating his support for
women in the world of research, even overcoming the
almost insurmountable barrier of university education;
and 2) it is almost unique in European neuroscience,
probably representing the first time that a technician or
assistant at a laboratory was the sole author of an original
research article.

46



Manuela Serra and the Cajal school

Conlflicts of interest and funding

C. Nombela is currently a Tomas y Valiente Programme
researcher at UAM-MIAS. E. Giné received funding
from the Vice-Rectorate for Quality of the Universidad
Complutense de Madrid (project codes PIMCD2017-101
and PIMCD2018-168). F. de Castro’s research group
is currently receiving funding from the Ministry of
Science, Innovation, and Universities (project codes
PID2019-109858RB-100 and RD16-0015-0019, partially
co-financed by the European Regional Development
Fund “A way to make Europe” programme), the
Consejo Superior de Investigaciones Cientificas (project
codes 2019AEP033 and LINKA20268), the Ramon
Areces Foundation (project code CIVP19A5917), the
government of the Region of Madrid (project code
IND2018/BMD-9751), the Federation of European
Neuroscience Societies (History Online Project Grants
Call 2018), and the Vice-Rectorate for Quality of the
Universidad Complutense de Madrid (project code
PIMCD2017-101).

Acknowledgements

We would like to express our sincerest gratitude to the
descendants of Manuela and Carmen Serra: without the
inestimable help of Maruchi Marin Serra, Eduardo Garcia
Serra, and José Maria Serra we would have been unable to
access most of the personal data reported in the article, as
well as the photographs shown in Figures 1A and B, 5A-
C, and 6C. We are also grateful to the former librarians
at the Instituto Cajal, Marfa Angeles Langa and Carmen
Dominguez, who enabled us to access old articles in the
Institute’s library (particularly Serra’s article’), which
were essential for this study. Finally, we are indebted to
our colleague and collaborator Dr Juan Manuel Espinosa
for providing the image shown in Figure 4B.

References

1. Giné E, Martinez C, Sanz C, Nombela C, de Castro E. The
women neuroscientists in the Cajal School. Front Neuroanat.
2019;16:13-72.

2. Ansede M. Las olvidadas colegas de Cajal. El Pais. 23 Jul
2019:48.

3. Puig-Samper MA, ed. Tiempos de investigaciéon: JAE-CSIC,
cien afos de ciencia en Espana. Madrid: Consejo Superior de
Investigaciones Cientificas; 2007.

4. Alcald P, Magallon C. Avances, rupturas y retrocesos:
mujeres, en las ciencias experimentales en Espana (1907-
2005). In: Romero de Pablos A, Santesmases MJ. Cien afios
de politica cientifica en Espana. Bilbao (ES): Fundacién
BBVA; 2008. p.141-72.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Serra M. Nota sobre las gliofibrillas de la neuroglia de la rana.
Trab Lab Invest Biol. 1921;19:217-29.

Cajal, S.R. Una modificaciéon del método de Bielschowsky
para la coloracion de la glia comun y mesoglia y algunos
consejos acerca de la técnica del oro sublimado. Trab Lab
Invest Biol. 1920a;18:129-41.

Cajal, S.R., de Castro E Elementos de técnica micrografica
del sistema nervioso. Madrid: Ed. Tipografia Artistica; 1921.
Merchan MA, de Castro F, DeFelipe J. Cajal and de Castro’s
neurohistological methods. New York: Oxford University
Press; 2016.

Salay Pons C. Estructura dela médula espinal de los batracios.
Trab Lab Invest Biol Univ Barcelona. 1892:3-22.

Cajal, S.R. Histologie du systéeme nerveux de 'homme et des
vertébrés. Cervelet, cerveau moyen, rétine, couche optique,
corps strié, écorce cérébrale générale et régionale, grand
sympathique. Paris: Maloine; 1909-1911.

Del Rio-Hortega P. El “tercer elemento” de los centros
nerviosos. I: La microglia en estado normal. II: Intervencién
de la microglia en los procesos patoldgicos (células en
bastoncito y cuerpos granulo-adiposos). Bol Soc Esp Biol.
1919a;8:69-109.

Del Rio-Hortega P. El “tercer elemento” de los centros
nerviosos. III: Naturaleza probable de la microglia. Bol Soc
Esp Biol. 1919b;8:108-15.

Del Rio-Hortega P. El “tercer elemento” de los centros
nerviosos. IV: Poder fagocitario y movilidad de la microglia.
Bol Soc Esp Biol. 1919¢;8:155-66.

Del Rio-Hortega P. Estudios sobre la neuroglia. La microglia
y su transformaciéon en células en bastoncito y cuerpos
granuloadiposos. Trab Lab Invest Biol Univ Madrid.
1920;18:37-82.

Sierra A, de Castro F, Del Rio-Hortega J, Iglesias-Rozas JR,
Garrosa M, Kettenmann H. The «Big-Bang» for modern glial
biology: translation and comments on Pio del Rio-Hortega
1919 series of papers on microglia. Glia. 2016;64:1801-40.
Achtcarro N. De I'évolution de la néuroglie, et spécialement
de ses rélations avec 'appareil vasculaire. Trab Lab Invest Biol
Univ Madrid. 1915;13:69-212.

De Castro E. Algunas observaciones sobre la histogénesis de
la neuroglia en el bulbo olfatorio. Trab Lab Invest Biol Univ
Madrid. 1920;18:82-108.

Doetsch F, Caille I, Lim DA, Garcia-Verdugo JM, Alvarez-
Buylla A. Subventricular zone astrocytes are neural stem cells
in the adult mammalian brain. Cell. 1999;97:703-16.

Seri B, Garcfa-Verdugo JM, Mcewen BS, Alvarez-Buylla A.
Astrocytes give rise to new neurons in the adult mammalian
hippocampus. ] Neurosci. 2001;21:7153-60.

Kriegstein A, Alvarez-Buylla A. The glial nature of
embryonic and adult neural stem cells. Annu Rev Neurosci.
2009;32:149-84.

De Castro, F, Araque A. Ramon y Cajal: lo que estamoviendo en
el mundo y lo que debe moverse en Espana. El Pais [Internet].
5 May 2017 [accessed 2 Oct 2020]. Available at: https://elpais.
com/elpais/2017/04/24/ciencia/1493027674_193847.html
Sociedad Espafiola de Neurociencia [Internet]. Sevilla:
SENG; [s.d.]. Diplomas UNESCO para Archivos de Santiago

47



C. Nombela, E. Giné, E. de Castro

23.

24.

25.

26.

27.

28.

29.

30.

3L

Ramon y Cajal y la Escuela Neuroldgica; [2018] [accessed
2 Oct 2020]. Available at: https://www.senc.es/diplomas-
unesco-para-archivos-de-santiago-ramon-y-cajal-y-la-
escuela-neurologica/

Saltz J. Santiago Ramén y Cajal, a Nobel laureate in Medicine,
deserves a place next to Michelangelo and Leonardo
as a draftsman. New York Magazine [Internet]. 13 Mar
2018 [accessed 2 Oct 2020]. Available at: https://www.
vulture.com/2018/03/the-doctor-whose-drawings-rival-
michelangelos.html

De Castro F. Cajal and the Spanish Neurological School:
neuroscience would have been a different story without
them. Front Cell Neurosci. 2019;13:187.

Lorente de N6 R. La regeneracion de la médula espinal en
las larvas de batracio. Trab Lab Invest Biol Univ Madr.
1921;19:147-83.

Forster L. La degeneracién traumatica en la médula espinal
de las aves. Trab Lab Invest Biol Univ Madrid. 1911;9:255-68.
Cajal, S.R. Recuerdos de mi vida. 3rd ed. Madrid: Editorial
Pueyo; 1923.

Junta para Ampliacion de Estudios e Investigaciones
Cientificas. Memoria correspondiente a los anos 1920 y 1921.
Madrid: Junta para Ampliacion de Estudios e Investigaciones
Cientificas; 1922.

Junta para Ampliacion de Estudios e Investigaciones
Cientificas. Memoria correspondiente a los cursos 1922-
3 y 1923-4. Madrid: Junta para Ampliacién de Estudios e
Investigaciones Cientificas; 1925.

Pérez F. ElInstituto Cajal. El glorioso sabio y sus colaboradores.
ABC. 21 Jul 1929:8-11.

De Castro F. Cajal y la Escuela Neuroldgica Espafiola. Madrid:
Universidad Complutense de Madrid; 1981.

32.

33.

34.

35.
36.
37.

38.
39.

40.

41.

42.

43.

De Carlos JA, Pedraza M. Santiago Ramén y Cajal: the Cajal
Institute and the Spanish Histological School. Anat Rec.
2014;297:1785-802.

De Castro F. Quiza la més exitosa escuela de la historia de la
biomedicina: Cajal yla Escuela Espafiola de Neurohistologia.
In: Gutiérrez Fuentes JA. Reconocimiento a cinco siglos
de medicina espafiola. Madrid: Fundaciéon Ramoén Areces;
2019. p.1-50.

Gonzalez E. La Embajada de Chile acogi6 a 4.000 refugiados
durante la Guerra Civil. The Diplomat in Spain [Internet].
31 Aug 2019 [accessed 2 Oct 2020]. Available at: https://
thediplomatinspain.com/2020/08/la-embajada-de-chile-
acogio-a-4-000-refugiados-durante-la-guerra-civil/
Valenciano GL. El doctor Lafora y su época. Madrid:
Morata; 1977.

Sanchez Mazas R. Rosa Kriiger. Madrid: Trieste; 1984.
Cercas J. Soldados de Salamina. Barcelona: Tusquets; 2001.
Rodriguez EL. Asi era Cajal. Madrid: Espasa-Calpe; 1977.
Cajal, S.R. Algunas consideraciones sobre la mesoglia de
Robertson y Rio Hortega. Trab Lab Invest Biol Univ Madrid.
1920b;18:129-41.

Tremblay ME, Lecours C, Samson L, Sanchez-Zafra V, Sierra
A. From the Cajal alumni Achtcarro and Rio-Hortega to
the rediscovery of never-resting microglia. Front Neuroanat.
2015;9:45.

Del Rio-Hortega Bereciartu J. Pio del Rio-Hortega: the
revolution of glia. Anat Rec. 2020;303:1232-41.

Adamsky A, Kol A, Kreisel T, Doron A, Ozeri-Engelhard
N, Melcer T, et al. Astrocytic activation generates de novo
neuronal potentiation and memory enhancement. Cell.
2018;174:59-71.

Cope EC, Gould E. Adult neurogenesis, glia, and the
extracellular matrix. Cell Stem Cell. 2019;24:690-705.

48



