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Abstract

Since his first years at Turin until the last years of his life at Padua, Vincenzo Malacarne devoted most of his time to the
examination of the structures and the various parts of which the cerebellum and the human brain are composed. He is rightly
considered as one of the first to have correctly described the anatomy of the cerebellum, as well in the field of human anatomy and
comparative anatomy. However, his work cannot be reduced to these studies. He worked out a cerebral physiology, with organic
and intellectual phenomena in mind, established on an anatomopsychic parallelism. This parallelism is itself founded on a rational
and mathematical criterion: the number of lamellae contained in the cerebellum. A letter written by him in 1792 and addressed
to Abbot Denina was recently found by the present author in November 2005 at the Academy of Sciences of Turin. Malacarne
exposed his project of studying the animal electricity put forward by Galvani within the cerebral organ. May it be that Malacarne
had in mind the physiology of his time while trying to record an electric activity within the brain? To cite this article: C. Cherici,
C. R. Biologies 329 (2006).
© 2006 Published by Elsevier SAS on behalf of Académie des sciences.

Résumé

Vincenzo Malacarne (1744-1816) : un chercheur en neurophysiologie entre anatomophysiologie et physiologie électrique
du cerveau humain. Depuis ses premieres années a Turin aux dernieres années de sa vie a Padoue, Vincenzo Malacarne se consacra
a ’examen des structures des différentes parties dont sont composés le cervelet et le cerveau humain. Il est considéré, a raison,
comme 1’un des premiers a avoir correctement décrit 1’anatomie du cervelet, tant dans le champ de 1’anatomie humaine que dans
celui de I’anatomie comparée. Pourtant, on ne peut réduire ses travaux a ces études, car il élabore une physiologie cérébrale tenant
compte parallelement des phénomenes organiques et intellectuels, fondée sur un parallélisme anatomopsychique. Ce dernier est
lui-méme fondé€ sur un critere rationnel et mathématique : le nombre de lamelles contenues dans le cervelet. Une lettre de 1792
adressée a I’abbé Denina, écrite par Malacarne, a été retrouvée par I’auteur en novembre 2005 a 1’ Académie des sciences de Turin.
Il y expose un projet relatif a la recherche, au sein de 1’organe cérébral, de 1’électricité animale mise en exergue par Galvani. Se
peut-il qu’il se soit penché sur la physiologie de son époque en essayant d’enregistrer une activité électrique au sein du cerveau ?
Pour citer cet article : C. Cherici, C. R. Biologies 329 (2006).
© 2006 Published by Elsevier SAS on behalf of Académie des sciences.
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1. Introduction

Vincenzo Malacarne (1744-1816) is an important
scientist in the history of medicine and neuroanatomy.
He contributed to the surgical and therapeutical evolu-
tion of mental illness like hydrocephalus or cretinism.
He took part to the developments of the sciences de-
voted to the human brain. For instance, he was one
of the first to examine the cerebellar lamellar struc-
tures and to observe the variability of lamellae’s num-
ber in the internal stratum. He observed that this num-
ber changed throughout animal species, from chicken
to human. His first researches on the cerebellum were
published in 1776. Between 1776 and 1780, he de-
scribed a universal anatomy of human brain that can
be regarded as a model for anatomy. Moreover, as he
founded his physiology on anatomical criteria, his uni-
versal neuro-anatomy was dedicated to surgeons and
physiologists. He is considered as the founder of topo-
graphical anatomy and he was probably one of the first
to apply a topology to the study of brain parts.

Nevertheless, he was never considered as a physi-
ologist. In fact, during a visit in Malacarne’s funds at
the Academy of Sciences of Turin, some documents
were recently found by me, among which a large quan-
tity of handwritten papers and letters attesting a project
devoted to physiological experiments on brain and cere-
bellum. One main question can be asked: did Malacarne
perform physiological experiments?

Malacarne is not known as an actor in the history
of animal electricity. However, thanks to the documents
found, it has become indubitable that he carried out
studies related to Galvani’s discovery and the pattern of
Volta’s battery. Did he publish an article on this project?
In what ways was he able to experiment on human brain
in order to record animal electricity? Was it only a the-
oretical project?

2. Anatomophysiological approach to the function
of human cerebellum

The stages of Malacarne’s anatomical work can be
established from two important texts on the anatomy of
dissimilar parts of human cerebral organ: Nuova espo-
sizione della vera struttura del cervelletto umano [1],
published in 1776 and Encefalotomia nuova universale
[2] in 1780. Between 1776 and 1808, an evolution in

his thought can be perceived. Since his texts are related
to each other systematically, we may achieve a coherent
reading of them, where general problems, like intellec-
tual faculties, functions of human brain and cerebellum
and anatomophysiological approaches are displayed. In
other words, Malacarne progressively worked from the
field of anatomy to an anatomophysiological approach
of the human cerebral organ.

If we consider where such problematic occurs in
these texts and their insertion in the clinical, anatomical
and surgical fields, we find that studies devoted to the
brain, cerebellum and nervous system kept Malacarne
busy from the beginning of his observations at Turin up
to the end of his career at the important University of
Padua. In order to see the degrees in the evolution of his
thought and theories, between fundamental research and
peculiar cases, we wish to correlate his texts with nu-
merous ‘opuscules’ regarding human and animal tera-
tology, surgery, comparative anatomy and physiological
systems. This approach allows the contemporary reader
to consider Malacarne not only as a neuroanatomist, but
also as a physiologist.

Nevertheless, we must not forget that his physiol-
ogy rests on two concepts: pattern and function. Thus,
his physiological work is supervised by these concepts
and by the anatomopathological and clinical method.
We may say that he conceived a sort of human cere-
bral functioning. A general problematic ties together
his texts. It allows a reading where an evolution can
be found, from an anatomical neurology to anatomical
physiology and human clinics of brain and cerebellum.

Since 1776, Malacarne elaborated a topographical
anatomy of different parts of the human brain with de-
marcations of organic areas. It is significant to highlight
that for all of them, he reconstituted their anatomical
links with surrounding parts. For instance, he described
natural links to which higher parts of the cerebellar or-
gan are mutually linked: the right one with the left one,
the anterior one with the posterior one, and the latter
two with cerebral nerve roots. His anatomophysiolog-
ical theories were partly established on topographical
observations made on the human cerebellum. Numer-
ous handwritten commentaries found in a copy of the
Encefalotomia nuova universale indicate that cerebral
activity was thought as directed by a harmonious func-
tioning within a hierarchy of cerebral parts. This idea
was established on patterns and connexions of anatomi-
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cal structures. In other words, this harmonious function-
ing depended intimately on the integrity of structures
and their mutual harmony.

Indeed, the way he elaborated an anatomopatholog-
ical and clinical method applied to the human cerebral
organ is deduced from correlations of anatomical and
pathological studies made in his Encefalotomia nuova
universale [3] and the handbook on human cerebel-
lum [4], and above all in his Osservazioni in chirur-
gia [5]. All his anatomophysiology was established on
this method, which is based on the correlation between
clinical and anatomopathological observations made on
mental patient. He founded a cerebral physiology and
studied mental and organic phenomena in parallel from
various brain structures.

In 1794, he presented in his Prime linee di chirur-
gia [6] an anatomophysiology of animal faculties. They
encompassed all faculties of human intellect: reason,
imagination, memory, and discernment. Their appro-
priate extent and expression could not be disconnected
from the perfection of human intellect on which they de-
pend. This theory was supported by observations made
on pathological cerebral cases where internal lesions
seemed to be at the origin of mental alterations. At
the same time, distortions of human behaviours are
equally correlated at the same organic origin. In par-
ticular, Malacarne studied few cases of hydrocephalus
and cretinism. He established the anatomopsychologi-
cal parallelism which marked his physiological theory
of human cerebellum, with correlation between organic
perfection and intellectual faculties. Thus, correlating
his anatomical, pathological and clinical observations,
he established a functional theory of the cerebellum. It
included links between mental and behavioural alter-
ations and lesions seen during autopsies made on per-
sons with cretinism or hydrocephalus. Malacarne cor-
related cerebellum compression with alterations of in-
tellect. According to him, normal intellect can only be
expressed in healthy organs. All these studies cannot be
separated from his research on a universal anatomy of
the human brain that provided a pattern to confront all
anatomical variations.

A topographical anatomy of cerebral parts injured
by illness is also achieved. Malacarne thus contributed
to underpin the anatomopathological and clinical as-
pects of cretinism and hydrocephalus. Regrouping sim-
ilar clinical and post-mortem observations, a general
outline of organic and moral alterations was made. He
noticed cerebellum compression in cretinism associ-
ated with anatomical alterations and a growth deficiency
of the constituent elements of the cerebellar internal
stratum. He elaborated a hypoplasic theory of cerebel-

lar malformations regarded as the origin of intellectual
deficits. He envisaged the human cerebellum as the or-
ganic seat of all intellectual faculties. This theory was
equally reinforced by its opposite side, namely the hy-
perplasy observed on gifted persons.

Although the medical field of madness and mental
deficits was not well differentiated from general re-
searches on human brain functioning, Malacarne appre-
hended in parallel brain lesions and intellect. The way in
which external sensations merge with internal common
sense was also analysed in correlation with the effects
of lesions associated with this sense.

Malacarne quantified the units of the cerebellar in-
ternal structures, the lamellae being numbered for a sys-
tematic description of the human cerebellum. For him,
the mental faculties depended on their number. He ra-
tionalized the distinction between healthy and injured
cerebral parts according to anatomophysiological and
clinical observations. He considered a relation between
the number of cerebellar lamellae and the expression of
intellectual faculties. In this way, may we say that he
made statistics on human faculties?

In one of his tables based on a study from sixty sub-
jects [7], he included results taken from organs from
healthy and mentally ill persons. These variations in-
cluded between 340 and 810 lamellae, the average being
about 600 lamellae (Fig. 1).

The dissection method is found in a handwritten an-
notation that we found in one of his copy of the Ence-
falotomia nuova universale. It illustrates the way he cal-
culated these numbers:

“From these sections, I know exactly the number of
lamellae that compose different cerebella in less than
ten minutes. Here is in what way: I cut in oblique line
the right hemisphere from the right edge towards the
centre to the main convexity of the posterior expanse
of this hemisphere. I count the white strips which are
clearly visible on the right cut surface made. I count
the exactly number of lamellae composing all layers,
lobe by lobe within this hemisphere. For instance,
I reckon one hundred and twenty lamellae and I want
to be surer about it. I reckon these extremely visi-
ble lamellae in the left surface in the vertical cut.
I make another vertical longitudinal cut of the lamel-
late tongue that lies in the ventricle of the cerebellum
superior edge, from the radices to the hemisphere
perpendicular commune curvature. And I cut cross-
wise in the valley of cerebellum. First of all, I reckon
white strips in the cut right edge. I found for example
one hundred and eighty-four. Then, I check this num-
ber on the opposite edge of this same cut. I cut in the
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Fig. 1. Casuistry table of Malacarne. Numbers given in this table come from Malacarne’s studies made on sixty human cerebella and brains. The
table is from the Bonnet’s funds in the Public and University Library of Geneva. Column A indicates the number of subjects whose brain has a
similar weight. Column B indicates ounces (between 24 and 33 g) of each human brain weight. In column C are eights (one eight is 4 g). In column
D are scruples (between 1 and 1, 5 grams) brain weight. In column E, data relate to isolated cerebella. Column E indicates ounces from cerebella.
Column F are eights and column D the scruples. Column H indicates the number of lamellae found on the superior side of each cerebellum and
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same way (oblique and vertical), the left hemisphere
as the right. Diverging at the level of the radices,
from the examination of the two sides, with one hun-
dred and twelve strips, I have already four hundred
and sixteen lamellae. Doing the same operations on
the tonsils, from which I have forty-two lamellae, 1
study nuclei. It is obvious that the cerebellum I have
examined has four hundred and eighty-four lamellae.
1 did not even spend ten minutes to check and count
this number.” [8]

We must underline the great coherence between
Malacarne’s fundamental research on a universal brain
anatomy and his clinical and pathological opuscules
published between 1776 and 1784. We must also high-
light the move of his thought during this period. Clearly,
he established and formalised a theory on cerebellar
anatomophysiology that explained organic and intellec-
tual lesions in parallel. His observations can be consid-
ered as a real experimental approach. In other words,
he centred his research on anatomophysiology from his
first researches on a universal neuroanatomy to his stud-
ies of intellectual deficits. Thus, his observations were
made in a physiological and clinical framework.

The context of Volta’s work of and Galvani’s dis-
covery of animal electricity changed the ways in which
the functions of the human body were considered. Was
Malacarne interested in these researches? Did he work
on the animal electricity? Did he make physiological ex-
periments in order to record this electricity in the human
body?

3. From the anatomophysiology to a physiological
project

Marco Piccolino’s researches highlight the historical
and scientific importance of the demonstration given in
1791 by Luigi Galvani about “the presence in living tis-
sues of an intrinsic form of electricity involved in nerve
conduction and muscle contraction.” [9]

He also underlines this discovery that led to the in-
vention by Alessandro Volta of the electric battery. In
this context, dominated by investigations on electrical
effects, Malacarne was found to have led down the foun-
dations of a project on the recording of brain electricity.
The letter from Malacarne we recently found was ad-
dressed in 1792 to his friend Abbot Denina, member of
the Royal Academy of Berlin. It highlights the evolution
of Malacarne’s studies from brain anatomy to a physio-
logical project established on an experimental approach
of animal electricity. Indeed, he wrote to Denina about

Galvani’s research context and the possibilities to record
electricity in the human brain (Fig. 2):

“I immediately answer you by sending a compilation
of all printed material in Pavia and Turin on animal
electricity after the beautiful and bright experiments
of Galvani of Bologna. So you shall find Valli’s let-
ters, Brugnatelli’s collection and three volumes from
the library of Turin on this same electricity.” [10]

Malacarne regretted the absence of any physiological
experimentation on the human brain devoted to find an
origin of animal electricity. He led down the foundations
of such an experimental approach:

“Mister Senebien, in his letter from Geneva written
on 22 August, regrets that no direct experiment had
been done on brain electricity.” [11]

In other words, we can consider Malacarne supposed
1792 animal electricity can originate in the cerebral sub-
stance. One has to recall that in 1779, Malacarne men-
tioned the existence of a nervous brain fluid in a letter
addressed to Charles Bonnet. Malacarne compared the
strength of the soul with a secret strength acting on all
human nerves. He substituted the notion of animal spir-
its with this nervous fluid of mysterious strength. The
soul was compared to an electric fire in order to show
that an immaterial concept could have material effects.
In other words, he made an analogy between electric fire
and the human soul. Indeed, in the context of discus-
sions on the seat of soul and its action onto the human
body, Malacarne wrote in 1779:

“Can electric fire be agitated during an indivisible
moment, thanks to a secret strength, thanks to its
high and astounding rapidity, by thousands corpus-
cles and extremely different organs, and communi-
cate to each other, an impression equally lively at
the closest and the most remote parts from the elec-
tric machine? And however, electric fire is material.
This simple substance called soul (if it is considered
as a vulgar comparison between material and im-
material things) thanks to an equally secret strength,
absolutely mysterious can act at the same time onto
different nerves and receive impressions made in this
act onto diverse nerves without being constrained to
be extended up to the origins of all nerves that are
not so close as we previously thought. Thanks to this
mysterious strength, can the soul be present in its
own way without being indispensable to a sensory
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Fig. 2. Letter from Vincenzo Malacarne addressed to Charles Denina, a member of the Academy of Berlin. Malacarne wrote on his project to
experiment on pieces of brain and cerebellum in order to find the origin of animal electricity.

activity determined in some places of the cerebral or-
gan?” [12]

It is not surprising that Malacarne himself was inter-
ested in Volta and Galvani’s experiments. Although, he
conceived an experimental approach of the recording of
nervous systems activities, we may ask how he formal-
ized and envisaged to accomplish this project.

In his letter addressed to Carlo Denina [13], Malacar-
ne detailed the different parts to be successively punched
out from a whole brain in order to make discs of tissue
to be inserted in the galvanic pillar:

“Here is how we shall proceed:

Cut 1: Here is what we shall do: (1) dura mater
with pia mater, (2) dura mater with cortical sub-
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stance of brain, (3) dura mater with medullary sub-
stance of brain, (4) dura mater with cerebellum, (5)
dura mater with ash substance of brain, (6) dura
mater with some nerves as brachial, crural one or
similar, (7) dura mater and some muscles undressed.

Cut 2: Pia mater successively with the same sub-
stances.

Cut 3: Cortical substance of the brain and succes-
sively the similar substances.

Cut 4: Medullar substances and the similar other.

Cut 5: Internal ash substance, corps striated and
the other substances.

Cut 6: Cerebellum and the substances approach-
ed.” [14]

Malacarne explained in which order parts of the hu-
man brain must be cut and studied to show the existence
of animal electricity. However, he did not yet talk about
possibilities to record from these parts.

We must also notice that he did not give the results of
this project which was instead established on brain dis-
sections. We can think Malacarne did not yet perform
these experiments in 1792. With this text Malacarne
approached another level of study. Indeed, he went
from an anatomical approach to cerebral physiology.
Malacarne is traditionally regarded as an anatomist. We
showed he was equally a physiologist. Now from this
letter, we are allowed to assert he was also impregnated
with preoccupations and innovations of the new science
of his time.

In his explanation given in 1779 on the action of the
soul, Malacarne used already the metaphor of electric
fire and that of the functioning of an electric machine.
This metaphor must be replaced within the context of
his work on animal economy. Between 1797 and 1803,
Malacarne thought the human organism in terms of se-
cret strength, nervous fluid, circulation of fluids and
substances, and nervous transmission. He equally devel-
oped a theory of human physiology within hierarchical
systems under the control of the harmony and balance
of the organism. Among these systems, the nervous sys-
tem was considered one of the most important, because
it allowed the double expression of intellectual faculties
and corporeal actions.

Did Malacarne perform the project described in his
letter? What was the influence of Volta’s battery made
in 1800 onto his research on animal electric flow? Did
he compare the structure of batteries with cerebral cir-
cumvolutions?

4. Recordings of animal electricity in parts of
human and animal brain and the analogy between
Volta’s battery and lamellar structures

Volta’s experiments and researches were made be-
tween 1792 and 1808. In this context, Malacarne began
a plan of research with the purpose to find a passage for
animal electricity through cerebral parts. The question
was whether there was in the human brain an organic
point of origin for the nervous strength?

Malacarne wished to demonstrate the possibility to
record electricity in the human brain. Therefore, he
wished to prove that Galvani’s electricity was localised
in circumvolutions. This is why he described a metaphor
of brain circumvolutions with the pattern of Volta’s
electric battery. His aim was to experiment on the think-
ing organ and to find out in what ways could animal
electricity be recorded. In this sense, Malacarne did lay
down the theoretical foundations of the recording of
brain activity. In 1808, Malacarne wrote (Fig. 3):

“Knowing the cerebellum’s organisation in particu-
lar, and maybe from the more watchful examination
of the brain and the spinal marrow which constitutes
this internal organ regarded as something similar to
Volta’s galvanic pillar, we may search by experimen-
tation whether it can be the principal origin of the
animate and material Galvanic fluid of the human
machine.” [15]

The same year, Malacarne had exposed these ques-
tions to the Accademia Reale delle Scienze, Lettere ed
Arti of Padua on 24 March 1808. Malacarne 1808 article
was published thereafter in the Giornale della Societa
di Incoraggiamento. Malacarne pointed out a metaphor
comparing the structure of the human brain with Volta’s
galvanic pillar.

Therefore, we can assert that between his first re-
searches on the morphology of cerebellum and this ar-
ticle, Malacarne moved from anatomical studies to ex-
perimental considerations on the origin of animal elec-
tricity.

What kind of experiments did he recommend? What
did he want to prove?

As we have already mentioned, Malacarne’s physio-
logical theories were always established on anatomical
and formal criteria. His anatomical texts cannot be com-
pletely separated from his later physiological articles.
Indeed, the metaphor used by Malacarne can be corre-
lated with an anatomical parameter, since he compared
circumvolutions with galvanic pillars.



326

CacodllaZs n 3P
eP 5= Ql«’ C""“/u

oD V1 >
5;*4.. V‘\}’I—-“"J /4. WL‘WE‘_ Ol 40% QAT A VL

M&ém ~ G

FuJ’?M-—";’J" ‘s‘fgtpcﬁwa

C. Cherici/ C. R. Biologies 329 (2006) 319-329

- 2
ng,.jec_up, QJJ-——JV;W >Z‘ZJ4M_

1,L/f\’5¢_

o« Sl WPl Sy, szg

Yt LEPE
a.xn—cA.v_ JA/JIH-MM

&&Akaﬁa._gv 55 é

s\( ms‘—] 1

nras /g..,, .S-'a"'{/?ef»%

/’
a,é(uaxm.:a »Mméﬁ-‘-’( ""’”‘M"/‘ Fete
zo;zwL 9‘2;%“ Uj

-ybL.‘Jw

AN
'

'-,,;;1,,- »;ﬁ;#«f' “
'/Zgw;vu;oﬁ

9¢€,’7
ng)aub\_ L F J/I

nela 3059’551—9-.% 24- ‘&%W/ﬁ’éﬁ—

ned

/J!.M

an/uwﬁﬂ»
94_.132*') i o

oxges 'W'JW
sty s

Mq”% DL Briaey? ool %
. e )BT - Wicem - JV- /W/

2

@’(Mé/% $aziehat 9 n -

g1k

,/«é %“ [/\_$H
25 .

r’ﬁ 5" eifona

2 a/ﬂdﬁ e ,_97
/ﬂM

Fig. 3. Malacarne’s article written in 1808: Se il cervello, il cervelletto, la spinal midolla, fors’anche le cartilagini e le ossa della spina formano
qualche cosa di simile alla colonna Galvanica del Volta. Problema proposto alla Accademia Reale delle Scienze, Lettere e Arti di Padova. It
concerns human brain electric physiology: Malacarne wished to prove human brain and cerebellum functioned in the same manner as the galvanic

battery.

Thus, Malacarne established relations between ex-
perimental and physiological studies and his works on
the anatomy of the cerebellum:

“In this book, 1 had demonstrated how the cerebel-
lum was entirely constituted of medullar lamellae
that ascend from medullar cores covered by cortical
substance, pushed onto one another, keeping a par-
allelism in their development: either they go through
crosswise or obliquely; or they ascend towards the
cerebellar surface; or they descend towards the prin-
cipal core of the cerebellum, known under the name
of the tree of life, or towards the others nine cores
described by me in this same part.” [16]

Therefore, Malacarne kept his anatomopsychologi-
cal parallelism between lamellar structures and intel-
lectual functions. He correlated it to the possibility to

find the origin of the galvanic fluid in brain. He wrote in
1808:

“My observations communicated to Charles Bonnet
allow me to know that we find a number of lamellae
proportionally more important in corpse from per-
sons with intellectual faculties, vivacity, with a more
exquisite sensibility, a language with a prompter
grammar, a sharper intelligence compared to normal
persons. Concerning this number found in published
tables [. .. ], I regret I did not think of adding another
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column indicating the expanse of faculties in persons
who I knew before their death. But who can think of
all points of views under which we could consider all
observations and experiments? Who could think be-
tween 1780 and 1789, when I finished my tables, we
could apply them to the galvanism?” [17]

Malacarne added a new interpretation of lamellae’s
physiological function. He gave a new reading of his
casuistry table. A new meaning of cerebellar lamellae is
proposed. Here Malacarne’s works finds a physiological
application in linking the lamellar pattern of cerebellum
and the organic origin of animal electricity.

The context of these experiments is fundamental. In-
deed after the discoveries of galvanism, all physiologists
examined if this fluid could be considered in the ani-
mated animal as the motor of nervous system. They also
studied if it could be the material origin of the functions
of life. Volta’s principles showed the identity of galvanic
fluid with animal electricity. After they were adopted by
European physicists, a role for electric fluid could not
be excluded in animal functions that were classically at-
tributed to Descartes’ animal spirits or nervous fluid.

This 1808 text was written in this polemical context,
in which Malacarne proposed the analogy between the
lamellar composition of cerebellum and the pattern of
Volta’s battery. We can consider this analogy beyond
the aspect of patterns. The relations between cerebellar
structures and the pattern of Volta’s battery may refer to
the problem concerning the production of animal elec-
tricity. Can we say Malacarne thought animal electricity
was produced the same way as in batteries?

Malacarne’s analogy of the two patterns of cerebel-
lum and the battery are presented as a question:

“We suppose six hundred lamellae and we add three
hundred lamellae of cerebellum that we observed. We
compare to a machine including galvanic pillar and
constituted of nine hundred discs, supposing some
analogy with the activity [of cerebellum] being able
to produce galvanism. Will not we have to see these
powerful phenomena that we admire in ourselves, as
produced by an unknown prerogative of the cerebral
and nervous system?” [18]

The term galvanism here designates animal electric-
ity discovered by Galvani.

We must recall that Malacarne linked the lamellar
structure with intellectual faculties as a constant charac-
teristic of animals. Therefore, this conformation could
be a causal agent of galvanic phenomena and the expres-
sion of the main functions of animal. This anatomical

stability in all species could be explained by its physio-
logical role. In the same manner lamellae participate in
the functioning of intellectual faculties, lamellae could
represent the organic locus of production of animal elec-
tricity in all animal species. For many years, the ques-
tion of the stability of lamellae did not seem a problem
for Malacarne, who mentioned it without reference to
any functional relevance.

For the first time, Malacarne suggested in his article
to lay down the principles of physiological experiments
aiming at explaining the stability through all animal
species of cerebellar lamellar structures:

“I must only hereafter publish anatomical results
and methods that I have in mind to use during ex-
periments of physics in order to deduce if, yes or
no, the cerebellum principally, and perhaps also the
brain, must be really considered as a galvanic ma-
chine, extended through out all animal species in
which we find brain and cerebellum organised in the
way verified by me in human, quadrupeds, seal and
birds” [19]

We must stress that Malacarne explained the stability
of lamellar structure and considered it a galvanic ma-
chine. In other words, animal motility was allowed by
the lamellar structures that functioned as a machine. His
explanation integrated physiological and intellectual as-
pects of the role of lamellae in human and animal. He
used an economic principle with the purpose of appre-
hending psychological and physiological phenomena
in the same time. Moreover, Malacarne recommended
making an organic machine with cerebral parts cut in a
disc-like pattern as in batteries. He thought it was possi-
ble to record animal electricity provided that anatomist
substituted metallic discs by with organic ones:

“We could experiment on discs from other mem-
branes in the purpose to make comparisons, like
membranes from the ox’s stomach still warm or from
the ventricle of other animals, reducing impercep-
tibly metallic discs and increasing the number of
membranous ones. We shall implement then pieces
from dura mater, pia mater, skull of animal still alive
or shortly after death. It is true that each beast be-
cause of the tiny size of its brain could furnish few
discs. Then, we would use a complete cerebellum ei-
ther covered placed in a cardboard box, or detached
of the pia mater. We would use cerebral discs, some-
times mixing human with animal ones to obtain dif-
ferent results.” [20]
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This description is of interest because Malacarne pre-
viewed the possibility to measure animal electricity in
the same way as electricity from battery. We may say he
thought about collecting animal electricity in a battery.
Indeed, whether he connected brain parts and metallic
disc with a battery, he thought to measure an activity.
These tests would be the electric expression of ani-
mal electricity. He did not recommend to experiment on
whole brains connected to a battery. On the contrary, he
suggested cutting circular brain pieces with the shape
of electric pillars. He also mentioned it was possible to
insert cerebral discs between metallic ones. Theoretical
recommendations of these experiments are astonishing.
Malacarne truly considered animal electricity could be
revealed as metallic electricity. He considered branch-
ing systems that connect organic and metallic discs.
Hence, he thought human and animal brains functioned
as a machine producing electricity. In the same way did
he envisaged organic functioning and the circulation of
electrical currents in a machine.

This issue must be analysed further. Malacarne is not
considered by historians of sciences as a materialist. In
fact, the physiological model he proposed in 1808 is
very close to materialism. Moreover, must we recall that
he tried to prove between 1776 and 1794 that the expres-
sion of intellectual faculties depended on the number
of the lamellae found in internal cerebellar structures.
Malacarne may be considered very close to an almost
mechanistic materialism, almost mechanist. It seems
impossible to understand his ‘recordings mode’ without
considering this. Between 1776 and 1808, Malacarne’s
thought progressively rejected metaphysics and came
closer to mechanistic models.

In spite of all raised issues, a problem persists.
Malacarne never mentioned whether he performed his
experiments or if he stayed at a purely theoretical level.
We believe that Malacarne really made these experi-
ments. As seen in the copy of a commentary of a hand-
written draft made by Malacarne in 1808 [21], he as-
serted that he had probably found Volta’s galvanic pil-
lars formed by the organisation of the cerebellum, the
brain and the spinal cord. Perhaps, this discovery re-
mained on the level of analogy. Anyhow, he thought
these organic points were the main source of the gal-
vanic animate fluid of the animal machine. This anno-
tation can be considered as a report of the conclusions
abstracted from his experiments.

Finally, this article contradicts the idea commonly
accepted that Malacarne never succeeded in finding a
physiological role to brain’s circumvolutions. On the
contrary, Malacarne assigned them a rational relevance
in relation to the circulation and functioning of animal

electricity. In 1780, in his Encefalotomia nuova univer-
sale, he described the cerebral circumvolutions in anal-
ogy with intestinal forms and thought it was impossible
to assign them a rational signification. He qualified them
with terms as enteroidal folds. No more did he mention
in 1808 these intestinal forms in order to qualify brain
circumvolutions. Instead, he unified his theories around
the lamellae of cerebellum and brain.

5. Conclusion

At the end of his life, Malacarne contributed to the
emergence of a new science, namely electrophysiol-
ogy. Until his last studies, his thought relied on con-
nections between anatomical forms and physiological
functions. Indeed, he made an analogy in 1808 between
the lamellar organisation of cerebellum and the form
of Volta’s battery. In spite of what can be regarded as
an anatomophysiological principle, he performed phys-
iological experiments on brain functioning. He tried to
record nervous activity characterized by animal electric-
ity. Malacarne’s 1808 article can thus be regarded as a
contribution to the development of electrophysiology.
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