figures of Descartes as a physiologist. Second by finding his right place in history by the careful analyses of Descartes's physiological theories. Third, by addressing occasionally the theoretical relations between Descartes's ideas and present neuroscientific knowledge in order to show their relevance.

In the past decades specialist philosophers have constructed a multifaceted figure of Descartes, and these studies are tending to be regarded as complementary, as in the case of Jean-Marie Beyssade looking back at some debates on Descartes involving Geneviève Rodis-Lewis at the Royaumont congress in 1955. 1 However on the side of the biological sciences, recent and past interpretations of Descartes's work seem irreconcilable. Initial views have led to laudatory judgments such as those of British paleontologist, Thomas Henry Huxley (1825-1895) 2 or American neurophysiologist John Farquhar Fulton (1899-1960), with a line of intermediate followers including German physiologist, Emil du Bois-Reymond (1818-1896). On the contrary, recent accounts of Descartes by historians and neuroscientists still focus on his dualism, with the immortal and immaterial soul regarded as wrong from present day perspective.

In both cases however, these accounts are most often based on careless readings and faulty understandings of Descartes, as young French philosopher, Auguste Georges-Berthier (1889-1914), who lost his life during First World War, has shown in the case of the unreasonable praise of Descartes by Huxley. [START_REF]Huxley repeats Descartes' name 48 times in the five pages of his essay[END_REF] Concerning the other side, several philosophers have recently demonstrated how current neuroscientists' accounts of Descartes use his work in order to target dualism, in spite of possible and interesting comparisons between their ideas and those of Descartes, particularly regarding emotions. 4 As a historian of neuroscience, these practices of the history and the philosophy of science appear as essentially whiggish in that they erroneously tend to build a Manichean view opposing Descartes's original dualism with neuroscience. This is particularly unwelcome given that until recently many of the most prominent neuroscientists were as dualist as Descartes. 5 Descartes thus represents for neuroscience an easy mean to prevent from debunking mythic neuroscientific figures, focusing on their physiological achievements only. However, the historical inquiry on Descartes, which may include judgments from present day perspective, may remain fair when Descartes's views are not restricted to his concept of the soul, but studied from a scientific perspective linking all his accounts of brain mechanisms and the soul.

The neuroscientific Descartes, defined as the figure emerging from the close study of his writings on brain, nerves and muscles, movements, brain and body states and the mind (soul), cannot be oversimplified to the point of contradicting expert current philosophical investigation which rebuilds a scientific Descartes on brain physiology and around the careful examination of the "third primitive notion", or the union of body and soul (mind).

The perspective of integrating this novel philosophical figure of Descartes to science has been debated recently in the field of cognitive neuroscience, and from such discussions, it appears clear that there is indeed more interest in discussing Descartes's materialism on the mind-body mechanistic interactions rather than stating that his theoretical perspective is not relevant to present day science. Furthermore, several cognitive neuroscientists have pointed out that Descartes's dualism is not so far away from a sort of current neo-dualism where the concept of mind, as used in disciplines ranging from the philosophy of mind to neurophysiology, remains elusive from a materialistic perspective, and is usually seen as a somewhat united functional entity interacting with the material brain.

We therefore conclude that a serious investigation of Descartes's work in a complementary interdisciplinary perspective may integrate neuroscience itself, if soul and mind are seen as non metaphysical entity, functionally interacting with the material brain, or if the soul is regarded strictly speaking as a historical object. There is indeed no point from any perspective in taking the soul historical concept as a wrong scientific one.

The neuroscientific investigation of Descartes thus represents a fruitful research perspective both historical and epistemological. It is however a rather declining topic in the field of the history of the neurosciences, for the obvious reasons that Descartes's ideas are so time consuming to grasp precisely in their own context and difficult to carefully link to current knowledge. This lack of interest may explain the neglect of taking seriously the views of Descartes in neuroscientific theoretical discussions. This is all the more unfortunate since the renewed philosophical studies, emerging in the 1990s, focus on the Cartesian mechanical system of the body (including brain), with the central work of Denis Kambouchner on the Passions de l'âme and those of Gary Hatfield leading to the idea of a Cartesian neurophysiology now under broad discussion. [START_REF]See Kambouchbner[END_REF] Kambouchner and Hatfield acknowledge in Descartes's oeuvre a refined and overlooked mechanical physiological system accounting for a wide range of physiological and psychological faculties and raising scientific issues still debated today. From their perspective, the history of the neurosciences, with its specific methods and aims, is both legitimate and appropriate to discuss how Descartes's system can be seen as an ensemble of linguistic models of physiological and psychological functions studied in its context of origin and in the larger contexts of its reception and discussion

The Pursuit of a Long Tradition: The Neuroscientific Descartes

At the end of the twentieth century, dissertations on Descartes by medical students generally concluded his views were all the most erroneous on anatomical grounds. In these cases, Descartes's concepts, such as that of the pineal gland, were taken and criticized as scientific objects, in line with the criticisms of Descartes by his contemporaries on the anatomy of the pineal gland and the location of the soul, and also in the line of the confessions of ignorance on the seat of the soul by followers.

Earlier in the nineteenth century, however, Descartes had begun to become of scientific interest in the new schools of experimental physiology, both in France and in England, when it was progressively acknowledged that Descartes's conceptions on the nervous system, its mechanisms and functions were relevant to the rise of this new discipline. French leading physiologist of the first half of the nineteenth C., François Magendie (1782-1855), represents a sort of intermediate figure, between criticism and appreciation of Descartes, since he adopted and ridiculed his views on the pineal gland, while presenting his own physiological conceptions on the brain as substitutes to Descartes's hypotheses.

The Making of Descartes as a Physiologist

Claude Bernard (1813-1878), was also rather severe with Descartes's "fanciful" and "imaginary" physiology characterized in his view by a gross doctrine of mechanism. However, Bernard acknowledged the value of Descartes's ideas and his method of inquiry more advanced to him than that of Francis Bacon. If Bernard felt Descartes's opinions on the functions of the brain would fail to agree with any physiological investigation, he placed historical interest and in many cases he felt Descartes's concepts could be transcribed functionally and correctly into modern ones, as when he saw no distinction between animal spirits, considered as flows of fine particles, and electricity. Although Georges-Berthier criticized such parallels on the grounds that the theory of the generation of animal spirits was essentially different from the concept of electricity, most physiologists, up to now, accept such a parallel. This explains how Huxley read Descartes. From such perspective, Huxley built the first Neuroscientific Descartes.

Huxley's general opinion on Descartes passed down to generations of physiologists, including English leading physiologists, Michael Foster (1836-1907) [START_REF] Foster | The Figure of Descartes in Neuroscience: relating to the Histories of Nerve Physiology, Reflex Action and Emotions[END_REF] and Charles Sherrington (1857-1952). They adopted Huxley's view that Descartes, not speculative a philosopher, built on the most advanced physiological knowledge of his time in order to establish that the brain is the organ of sensation, thought, and emotion. They considered that, in Descartes's views, animal movements were mechanical in essence, with the intervention of animal spirits from sensory organs to brain giving rise to sensation and feelings. Foster and Sherrington corrected some of Huxley's naïve assumptions on Descartes considered as an expert anatomist and experimental physiologist 8 .

In particular, Foster (1901) 

The Historical Investigation the Neuroscientific Descartes

One of Foster's best students, Charles Sherrington, became a leading neurophysiologist. Although Sherrington never fully mastered the professional practices of the history of science, he did make significant, original and uncommon historical contributions. However, it is interesting to note that More generally, as Huxley and Foster, Sherrington relied on the judgments of expert historians, in particular Jules Soury (1842-1915), Auguste Georges-Berthier (1889-1914) or the American Fielding Hudson Garrison (1870-1935).

The two volumes of Soury (1899) Gradually, some other studies broadened the issues relative to the Cartesian model, relating unprecedented neuroscientific questions to unnoted aspects of Descartes's physiology, in the way some historians of medicine had already achieved successfully on other questions 18 .

Such historical approach of Descartes requires specific knowledge of precise physiological questions, such as proprioception for example, in order to find its central idea clearly expressed in Descartes with his own words. The general idea of such studies is not to establish whether Descartes properly built a true model of a given function of the body, but to analyze his models precisely enough to understand its general function and mechanisms which reveal Descartes's refined physiological reasonings on novel and specific physiological and psychological functions and generally overlooked before him.

A fine example of such approach is the excellent study of neuroscientist Nick Wade (2005) on the reasoning of Descartes on the size of nerve endings in the retina. 19 It may come as a surprise to discover that Descartes asked such a precise question requiring tedious reasoning before the era of the microscope. If Wade reports that the first estimates of the diameters of nerve fibers were made in 1738, he found that, in the Dioptrique, Descartes argues that each nerve fiber can be affected in a single way by a portion of the object at the level of the smallest parts of a fiber. Wade discovered that in this text Descartes comes to relate this reasoning to the question of the resolution of the human eye compared to that of the telescope. Descartes then suggests that in a reverse reasoning the knowledge of the resolution of the eye may give some insights into the size of the nerve fibers endings in the eye.

New Dialogues between Descartes and the History of the

Neurosciences

In his recent study on Descartes, Damien Lacroux advocates for a rapprochement between Descartes and neuroscience on emotions. 20 Such a perspective may be seen as an easy alignment of some of Descartes's theses with neuroscience, based on the partial interpretation of selected texts, in a restricted and appropriate neuroscientific epistemological setting. However, for Lacroux, Cartesian epistemology can be defined more broadly than that of the embodied Descartes, reintroducing metaphysical aspects, so as to draw parallels with the epistemology of neuroscience.

Conversely, it is necessary to show how current neuroscientific epistemology enables the historical investigation of Descartes, 21 with neuroscience considered broadly as an interdisciplinary scientific movement demonstrating, at different levels, both basic mechanisms and brain functions, defined at the global level of the organism (including psychology).

Concerning Descartes, Denis Kambouchner, Gideon Manning, Gary

Hatfield, Damien Lacroux and others have contributed to specify how the Cartesian corpus offers an epistemology combining dualism and the union (the third primitive notion), enabling a suitable dialogue with neuroscience and its history. More specifically, Lacroux argues, with Pascale Gillot and Claude Calixte, that Descartes offered principles that allow one to conceive of the body and the soul as both separate and both intelligible in their own particular ways. 22 Indeed Descartes assumed two substances are really distinguished when each can occur without the other, 23 and he declares that all things we may conceive of clearly can be distinct. 24 These principles apply to the body and the soul in a way compatible with the neuroscientific view that body mechanisms (including brain mechanisms) are to some extent autonomous and distinct from their functions for they possess their own rationality and experimental procedures of proof, while mental phenomena (mind) are also distinct epistemological objects of their own, being functional and subjective. Furthermore, Lacroux specifies that the Cartesian soul at stake in the dialogue with neuroscience and its history rather is the soul as part of its 

The Place of Neuroscientific Descartes in Past and Current

Physiological Debates

We now propose to demonstrate in the next sections how our general 

Basic Concepts of Descartes's Physiology of Sensation

In his response to the sixth objections to the Méditations, Descartes distinguished three degrees of sensation. In the first, as in the Traité de l'Homme, one should only consider the fact that "exterior objects immediately cause in the body nothing else than the movement of particles in the body and the change in arrangement and position resulting from that movement." 26 Descartes describes this degree of sensation using the metaphor of the mechanical fountain, where visitors stepping on a lever trigger a mechanism, as when "external objects" strike the "sense organs." 27 The term "sense organ" seems familiar to neuroscientists since it has been used continuously throughout history until now, but the term is misleading. According to Huxley's respectful stance, Descartes was first to declare, in what Huxley defined as his first most original proposition, that the brain is the "organ of sensation, of thought, and of emotion." However, Descartes's usage of the term "organ" is faithful to Fernel's physiology where we find that the body is the organ of the soul and the brain the organ of the senses. In fact, the term organ is synonymous to "instrument" and used more broadly when Descartes describes the organs inside the heart (heart valves) or the stick of a blind person. Therefore, the brain is not the unique organ of sensation, but an organ of sensation refers to any part of the body, including the brain, involved in the senses, as in Fernel.

Most accounts of Descartes's physiology have placed too much emphasis on animal spirits, not to mention frequent misconceptions where animal spirits underlie all kinds of movement inside the nerves. This misconception is probably due to the fact that the Traité de l'Homme first deals with muscle contractions where animal spirits have a pivotal role, and because authors prior to Descartes usually discuss the role of animal spirits in sensation. In Descartes however, external objects first affect the threads located inside the tubes of the nerves without directly affecting animal spirits.

If we come to Descartes's description of sensation, the sense of tact comes first, and it leaves vision as the last sense for its description is more accurate, in accords with "Descartes's optical bias," 28 and perhaps written during the same years Descartes was thinking of his project leading to the Dioptrique. 29 Descartes's concept of thread may seem rather mysterious at first stance, at least for historians of the neurosciences, especially with this English term sometimes better translated as "fiber". Indeed, the translation with the term "thread" didn't help to catch the concept correctly. In fact, Descartes used the French terms filet and fibre in similar ways as did Fernel or André On the other hand, the nerve fibers refer to the fibrous nature of large nerves, as in the optic nerve for example. But what seems a singularity in Descartes's view is that nerve fibers also are stretched as a rope, inside the hollow and swollen tube of nerves, both actions caused by the continuous flow of animal spirits. Several fibers constitute the marrow of the nerve tubes also containing the animal spirits. [START_REF][END_REF] It has been suggested that Descartes's conception of nerves as stretched ropes followed the view of physician Henri de Mondeville (1260-1320), but the "ropes" of Mondeville rather refer to the tendon of muscles, as membres consemblables composés made up of nerves but also of some ligaments, whether nerves alone are membres consemblables simples originating from the brain. 34 Thus the nerves of Mondeville are not stretched during sensation. It rather seems that Descartes's dynamic system required a sensory centripetal transduction mechanism of stretching fibers distinct from the flow of animal spirits, and in the same time linked to it, in which the centripetal flow of animal spirits, responsible for a basal mechanical tension of the fibers, was consistent with the nature and the genesis of the animal spirits, with the necessary and pivotal involvement of the heart as principle of life.

Version auteur de : J.G. Barbara The movement of the nerve fibers caused by the external object in the sense organs leads to their stretching (1) causing some kind of action in the brain,

(2) where some parts are moved resulting in the opening of brain pores letting the animal spirits flow, (3) in specific nerves and muscles, leading to particular sets of movements of the body.

This general mechanism represents how the brain controls not only movements and muscular contraction, but also the power of receiving the impressions of the objects by the brain and the nerves themselves when the animal spirits stretch the fibers pulling them from the brain. [START_REF][END_REF] This action of the animal spirits does not really comply with any kind of neuroscientific reality at this stage, but it is interesting to note that Descartes often builds his mechanical systems with some kind of feedback mechanisms as also noted by neuroscientist and cyberneticist, W.S. McCulloch (1898-1969). The feedback mechanism of the action of animal spirits on the power of the nerves to serve as organs of the senses can be understood as a means for Descartes to conceive of the action of the soul on sensation and as a feed-back mechanism of entangled loops of reciprocal actions between fibers and animal spirits within the nerves, paralleling, for example, the cycles of distillation and purification of animal spirits, Descartes imagined.

Version auteur de : J.G. Barbara study of vision, Descartes observes that subjects with an injured eye 43

"apparently see infinite lights and flashes before them, although their eyes remain closed […], so that this feeling is necessarily due to the strength of the blow which moves the small fibers of the optic nerve, as a fierce light would do" , and not due to any external object. In both cases, sensation occurs not from any action of external objects on the organs (limb or eye), but from an internal action inside the nerves of the organs.

In fact, the underlying explanation of such observations can be seen as an expansion of Descartes's introductory statement to his Traité du Monde, in the first sentence of the Traité de la lumière: "[…] there can be a difference between the sensation we have [of light] and which is in the objects which cause sensation in us." 44 This difference implies that the object does not directly affect the mind but causes first some movement in the sense organs and the brain before they come to be represented in the mind.

Müller's intuition was already well understood by Descartes since he theorized his observations on sensation most clearly in the Sixth Meditation to explain that objects are perceived through some movement of the nerves and of the brain, which represent intermediate parts between the object and the mind. Moreover, Descartes relates this explanation to an insightful general mechanical principle according to which "the nature of the body is so that each of its part may be moved by another distant one, as well as in the same manner by each of the parts in between, although the distant part is not in action." Descartes applies this principle to the case of a stretched rope and then to the pain of a foot which gives his explanation of the phantom limb: sensation of the phantom limb depends on the movement of the cut nerves, as intermediate parts between the cut limb and the brain.

Version auteur de : J.G. Barbara It is therefore clear that the mechanisms of Descartes illustrate his view that the sensation of external objects is caused only by the movement of nerve fibers, in a manner dependent on the qualities of the skins and nerve fiber endings, transmitted to the brain where it affects our sense, in agreement with the idea of a general nervous movement and with what is usually specified as Müller's first theory of the specific energies of the nerves.

The Question of the Arrangements of Nerve Fibers

Descartes's views on phantom limbs, on the blow on the eye, and on the underlying general nerve movement implies that the soul receives the sensation of an image or of a sound depending, not on a specific quality of the movement carried by the nerves to the brain, but according to which nerve is in action, its origin in a specific part of the brain and its endings in a particular part of the body, according to a plan instituted by Nature, which we call the arrangement of the nerve fibers.

Descartes deals with this relation between a nerve (and its corresponding part of origin in the brain) and a feeling: "when any part [of the body] is moved, the place of the brain from which the nerves [of that part] originate is also moved, and this movement excites in the soul the feeling attributed to that part [in this case, hunger]." 50 Descartes comes to this idea immediately after he confesses in the same letter he is trying to persuade himself that the soul feels thirst and hunger through nerves, in the same manner than for colors and sounds, in accords with the idea of a general nervous movement. Descartes will also use this view to explain why some passions are felt in the heart when its small nerve is moved. In this general scheme, Descartes is close to the ideas of Johannes Müller and his student Hermann von Helmholtz (1821-1894) when they reformulated the law of the specific energies of the nerves in anatomical terms.

However, it is clear that for Descartes, as well as for Helmholtz, the most important aspect of the relation between a feeling and the body is not so much the arrangement of the nervous fibers involved in the body, as to the arrangement of these fibers at their origin in the brain, where they constitute the brain substance. This association between a feeling perceived in the soul and a specific brain location, defined as the origin of the sensory nerve fibers involved, is closely related to the concept of the union of the "third primitive notion" as Descartes's friend Claude Clerselier acknowledged 51 . Similarly to

Müller and Helmholtz, it seems that Descartes came to these conceptions in his studies on vision in the Dioptrique. 52 It is also important to note that according to Descartes the arrangement of the nerve fibers of the brain parts not only take part in sensation, but also in the control of muscular movement, for which Descartes also establishes a relation between some brain parts and particular sets of movements, in agreement with a first concept of reflex action. [START_REF] Xi | God shaped and arranged these small fibers[END_REF] Here, Descartes emphasizes a general functional relation without describing the subtle mechanisms inside the brain involving, in other texts, the role of the pineal gland and the control of the opening of brain pores by nerve fibers. This general functional relation introduces to the concept of reflex action.

The Problem of Reflex Action in Descartes

It becomes clear that the question of the reflex in Descartes's writings cannot be interpreted solely on the grounds of the few quotations usually reported.

Although, Canguilhem gave insightful views on the question, crediting Willis, Descartes's ideas on how sensations are linked to the muscular movement certainly belong to the history of the reflex concept, as generally acknowledged now and in the past. We have analyzed Canguilhem's demonstration against this view in detail and we can argue that he was wrong in some parts of his reasoning. In accords with our finding, Descartes is indeed a central figure of the history of the reflex action.

From our previous analyses above, we may sum up that Descartes concept, 56 because if Descartes did not use the term "reflex", therefore there is little chance he introduced the concept, 57 a statement of Canguilhem we strongly disagree with.

Canguilhem's first argument is that Descartes defined movement as having its source not in the nerves nor in a brain center, but in the "center of the organic centers, the cardiac fire." 58 Here Canguilhem confuses the material origin of animal spirits and the source of the energy of their own movement, with the immediate cause of their action during movement. This cause is undoubtedly the stretching of nerve fibers and the opening of the brain pores, as this was already corrected by Hatfield. 59 Canguilhem goes on arguing that the reflection metaphor of the reflex concept requires that incident and refracted actions in the brain should be homogenous. Indeed, in the first version of the reflex, Descartes's mechanisms of the stretched fibers and the flow of animal spirits are not homogenous actions, but this, as we shall see, does not weaken the concept since homogeneity is introduced later.

Furthermore, Descartes does not use the reflection metaphor in the case of non-homogeneous actions.

When Descartes uses the metaphor, he is describing the famous conscious escape reflex driven by fear of a man in front of a beast. 60 Descartes introduces the expression esprits réfléchis when he describes a bodily reaction with the involvement of the soul when the beast is recognized as dangerous.

Canguilhem argues the escape reaction is not a mere reflex, but a complex behavior requiring memory and judgment. 61 We cannot totally disagree with this, although a reading of Descartes is possible where the initial phases of the reaction rather are somewhat unconscious. In any case, Canguilhem's denial to qualify such reaction a reflex may be rejected. Indeed, although reflex action is generally thought as an involuntary and instantaneous movement in response to a stimulus, responses driven by fear requiring some degree of association between a stimulus and fear, and therefore a sort of memorized association as in fear conditioning, are generally also considered as reflexes up to now. In accords with this view, Canguilhem himself saw that the escape reaction as described by Descartes could be related somehow in the same manner to a conditioned reflex. 62 In Descartes's description of the escape reaction in the Passions, the famous quote is: "[…] the brain of some men is so prepared [by what causes the passion of fear], that the reflected spirits of the image so formed on the

[pineal] gland, will go from there … [in the nerves and muscles]." 63 Canguilhem remarked that Descartes used here an unusual centripetal flow of animal spirits which seems to contradict the Traité de l'Homme where the image is formed on the gland by an outflow of animal spirits. 64 But the reason of this apparent discrepancy is clear. In the case of the Traité de l'Homme, Descartes deals with an image arising from imagination in the gland where it is formed without an external object and sensation. On the contrary, in the quote from the Passions, the brain mechanism is more complex and depends on sensation and an inflow of animal spirits in the pineal gland where it introduces the image of the beast. The brain mechanism is thus as follow: the image of the object formed in the retina is carried by the nerve fibers of the nerves; an image is formed in the brain by the pattern of stretched fibers which endings make the substance of the brain; these fibers open brain pores which represent intervals between them; 65 animal spirits flow in these pores and form the image in the pineal gland. 66 At this stage, the so-called "reflected spirits" take part in the brain mechanism. These reflected spirits are those which will flow out of the brain in the nerves and the muscles. They are said "reflected", with the light reflection metaphor, since they are caused by the image of the pineal gland formed by spirits entering the gland. Thus the scheme is this at this stage: the escape movement is caused by the animal spirits carrying the brain image (made by the pattern of stretched fibers), forming the pineal gland image; this inflow of animal spirits in the pineal gland is reflected in the gland on that image as a reflected outflow of spirits going through nerves and muscles.

It is important to note that this reflection of animal spirits in the escape behavior, as described by Descartes, is a homogeneous central mechanism taking place inside the pineal gland with an incident flow, resulting in the movement of the retinal image to the brain (sensory afferent mechanism), reflected onto the pineal gland image as a reflected flow (motor efferent mechanism). Thus the mechanism described by Descartes shares these distinctive characters with the fear reflex in which a stimulus requires, not so much of a conscious recognition (as perhaps in Descartes), as a conditioned reaction. But the difference is more subtle than one may think, given that very recent neuroscientific literature still discusses to what extent a conditioned fear reaction may be conscious or not. 67 We conclude that Descartes introduced a first concept of involuntary reflex action without intervention of the soul and a second involuntary reflex concept, the escape reflex caused by fear, with a role for the soul which may be seen as memory only, where animal spirits are reflected onto the pineal gland, with an incident flow carrying a sensory image, and a reflected flow causing motor action. These two physiological mechanisms of involuntary movements do represent an elaborate reflex concept imagined by Descartes although it requires some degree of reconstruction. Descartes may be credited for introducing in the second mechanism the term réfléchi in a modern sense where a sensory mechanism is turned into an homogeneous motor mechanism in the pineal gland considered as a brain center.

Version auteur de : J.G. Barbara. « The Figure of Descartes in Neuroscience: relating to the Histories of Nerve Physiology, Reflex Action and Emotions », in Tad Schmatz, Denis Kambouchner, Damien Lacroux (éds.), volume à paraître en 2024.

Reintroducing Descartes in the Neuroscientific History of Emotions

We have shown already how Descartes can be reintroduced in several chapters of the history of the neurosciences, but the task is never as difficult as in the case of the study of emotions. This historical enquiry is challenging because the concepts of emotions and passions differ greatly over time and among contemporary authors, as is still the case today. Discourses on these concepts belong to philosophy, psychology and to physiology. Authors dealing with passions generally quote few authors and Descartes is often not quoted at all, although his ideas on passions can be recognized. This absence A second ambiguity is whether the emotion arises immediately after the "recognition" process or if it depends on the body loop of the nervous action on the heart and other organs (consecutive to the "recognition") and of the action of the heart on animal spirits back to the brain. Descartes seems to suggest emotion arises from the early process of recognition while emphasizing that it erupts and builds up in the soul with the involvement of the heart. This ambiguity relates to the ongoing debate on the early determinants of emotions as brain mechanisms or bodily reactions.

Besides these two ambiguities, Descartes's conception stipulates that emotions are sensations which depend on bodily reactions and which build up by a strengthening mechanism involving a nervous action of the pineal gland on the heart by its small nerve, which Descartes imagined. Consequently, the heart pores are shrunk so that the inflow of animal spirits to the brain is reduced in such a way that the animal spirits strengthen the emotion in the soul.

Version auteur de : J.G. Barbara I will show that this Cartesian general scheme of the production of emotion fits in the general history of emotions and in its particular According to Dixon, the history of emotions has largely been "revisionist" so far, and this comment also applies brilliantly to most neuroscientific literature.

The first trend of this history, in which emotions represent sensations of bodily reactions induced by external objects or imagination, may begin in its modern form with philosopher and physician, Thomas Brown (1778-1820), credited for the emergence of emotions as a psychological category in the nineteenth century and Charles Bell (1774-1842), the Scottish anatomist, surgeon and physiologist.

The trend develops from Brown and Bell to William James, through Alexander Bain. However, strictly speaking, Brown does not fit in the definition of the trend, since he defines emotions as qualia, with no relation to the bodily changes, 68 which Bell introduced at the same time. However, Dixon seems sensitive to the Brown-Bell-Bain-James continuous trend given the success of Brown's lectures (1810-1820).

We agree to include Bell's concept of the "frame" is essential in his theory of emotions, which L. Carmichael qualifies as a "bold speculation in regard to the emotions […] for its time". However bold it may be compared to theories of his countrymen, Bell's conception is nevertheless much related to that of Descartes, and this proximity should not surprise since pre-Victorian and Victorian intellectual circles were familiar with the "animal machine" conception. Bell referred to the conception of the Cartesian "animal machine" when he uses terms and expressions such as "machine", "animal machine", "animal frame" and "animation of the frame." 74

In his theory of emotions, Bell shares the ambiguities of Descartes and he adopts his complex style of writing, where he seems to contradict himself.

Bell confesses that "[the effects of the passion] are so deeply implanted in our nature, that we shall not be able to discover the ultimate connection between the emotions of the soul and those signs of the body." 75 Nevertheless, if

Bell doubts Descartes had the authority to look at these questions, 76 he affords himself to use introspection to give his own answers as an anatomist and physiologist. 77 At this stage, Bell was tempted to follow Descartes in assigning a causal role to the "outward signs" or bodily reactions in the production of emotion. However, on dealing with terror, he emphasizes the conscious intention of the mind in the process rather than the outward signs, in a manner reminiscent of Descartes's apparent aporia. 78 However Bell also acknowledges that upon rational thinking the "outward signs" may be first.

In Descartes, the onset of emotions and passions from bodily reactions covers different situations. It is a process common to all passions caused by an external object in which it is not clear whether emotions arise first, before bodily reactions. It may also be a border case when bodily reactions, induced by an external object, have an indisputable early causal role. 79 Bell develops this idea of bodily reactions first opposing the mind and the frame of the body, and finally choosing the latter as the cause of emotions, an idea taken up later on by Bain and James. Without quoting Descartes, Bell seems proud of his novel view. Forgetting Descartes consciously, he creates a diversion reporting the inverse case when "philosophers, in examining the properties of the mind, have too much overlooked the influence of the body." 80 Bell, a fine reader of Descartes, knew from him passions relied on the union of the soul and body, with much emphasis on bodily mechanisms.

Bell developed his idea further with the concept of the "frame of the body". This concept was conceived of as "a complex organ changes or affections of the mind" which "proceed from, or in any degree pertain to, the body." 82 Progressively, Bell brings the frame of the body and emotions closer to each other in the causal process. He admits the reader "may not perhaps willingly be admitted" to his idea, if, Bell argues, he is not willing to believe that he has no direct feeling of the external objects, given that his ideas on those objects are generated by the organs of the senses. Here, Bell seems to summarize Descartes's lesson on sensation, he himself probably had difficulty to accept, in the way Descartes also had difficulty to convince himself hunger was felt by the soul as in the process of vision.

Then, Bell steps forward specifying bodily signs are first in the causal process, since "the operation or play of the organs of expression precedes 83 the mental emotions with which they are to be joined." 84 Bell's ideas were later developed by Alexander Bain and William

James. Here we only offer to provide some specific relations between Descartes-Bell's views and the initial perspective of Bain on feelings and emotions, as they appear in his book, The senses of the Intellect 86 , where Bain addresses the question of instincts. Bain delivers his general opinion on emotions in a footnote of the fourth chapter relating to the "instinctive play of emotions" 87 .

But prior to examining this view, we would like to emphasize Bain's initial ideas on emotions as it appears in the previous passages of his book. He begins defining the mind by three attributes, feelings (sensations and emotions), the power to act and the power to think 88 , which makes emotion a kind of feeling as in Descartes, in opposition with Brown and Bell. 89 Bain proceeds from that initial view to build his concept of emotion as a feeling dependent upon a set of bodily involuntary reactions, in accords with his reading of Bell and other physiologists.

Bain's views leave the ambiguity noted in Descartes concerning the moment when the emotion arises in the mind. The process of emotion involves involuntary bodily reactions caused by the mind which are necessary for the mind to feel the emotion. Mind is first, then follows bodily reactions, and then the emotion arises as in Descartes's scheme.

In discussing Bell's view, Bain adds some degree of complexity concerning the expression of the eyes 90 . This subtlety is important to understand Bain's scheme of emotion production 91 . Bain comes to define emotions in the modern sense as depending on a general nerve action on the body's in building this scheme, in which he departs from reasoning from introspection only and comes back to a mechanistic and physiological explanation in the line of Descartes. Bain seems to come back to Descartes's mechanism when he tries to consider the physiologists' views of nerve actions in the production of emotion. Indeed Descartes had described emotion as an internal feeling or as the nervous cause of this feeling as when he describes the "emotion which comes to the blood" 92 and which is received by the soul to produce passion, 93 a distinction referred to as "physiological emotion" by D. Kambouchner. 94 At this stage of our initial enquiry into the neuroscientific history of emotion, there is no good additional reason for our purpose to pursue the line of the first trend which Descartes can be seen as an origin.

We can introduce the second trend as a perspective among physiologists to broaden the scope of nervous and brain functions to the possible explanation of mental faculties, and psychological processes, including emotions, in a way progressively favoring localizations in the brain before the turn of the twentieth century.

In physiological investigations related to the study of emotions in the second half of the nineteenth century, the work of major interest is that of Italian, Angelo Mosso (1846-1910), on the recording of physiological parameters, which led him to write a book on fear. 95 Along with the views of Bernard, Mosso was interested in the close quantitative physiological investigation of body parameters paralleling circulatory changes in the brain as revealing its intellectual functions and emotions.

Since we have seen a continuity of ideas from Descartes to Bernard, we would expect Mosso to refer to Descartes. But it came as a surprise to find Mosso so reverential to Descartes in his introduction 96 , and later, along this same line, so clear in expressing the origin of this second trend in Descartes's physiology. 97 Version auteur de : J.G. Barbara 94 AT XI.350. 95 Mosso 1886. 96 Mosso 1886: 5. 97 Mosso 1886: 40. "Recently many physiologists […]" 98 The author wishes to thank Denis Kambouchner and Damien Lacroux for discussions on

Descartes and neuroscience and their invitation to write this paper. We also thank Tad Schmaltz, Ruidan She, and finally Chantal Barbara for careful reading of the manuscript.

  Version auteur de : J.G.Barbara. « The Figure of Descartes in Neuroscience: relating to the Histories of Nerve Physiology, Reflex Action and Emotions », in Tad Schmatz, Denis Kambouchner, Damien Lacroux (éds.), volume à paraître en 2024. Descartes among the first advocates of modern physiology, since he had understood the explanation of life phenomena only required the laws of physics, a central idea dear to the physiologist. Somewhat paradoxically, Descartes became more prominent a figure in England after the advertisement made by Huxley (1874), when he showed how Descartes inspired Thomas Willis (1621-1675) on the concept of reflex action. The making of a Neuroscientific Descartes in the English and French contexts relied on metaphysical and materialistic conceptions clearly, which explains why Huxley was so lyrical on Descartes standing to him as high a genius as the "Immortal Harvey". Huxley was also sensitive to the fact that Descartes practiced dissections and physiological investigation. But as Georges-Berthier showed here and on other matters, Huxley seems both naïve and not well informed, as when he erroneously describes Descartes's conception of the circulation of the animal spirits from the sense organs to the brain. Overall, Huxley's esteem for Descartes seems to rely on the figure of the hero who introduced mechanical explanation in the life sciences. However Huxley's judgment was later challenged by historians of science advocating the earlier introduction of mechanical explanation by Galileo and Santorio Santorio. From his reading of Descartes, Huxley concluded that "the [physiological] ideas started by Descartes have simply been expanded, enlarged, and defined by modern research." Huxley felt Descartes's physiology was in accordance with "the most advanced physiology of the present day." It may still be of a surprise to realize how much Huxley praised Descartes compared to French physiologists, and this needs some additional explanation. As Bernard, Huxley considered Descartes's physiology of Version auteur de : J.G. Barbara. « The Figure of Descartes in Neuroscience: relating to the Histories of Nerve Physiology, Reflex Action and Emotions », in Tad Schmatz, Denis Kambouchner, Damien Lacroux (éds.), volume à paraître en 2024.

  confirmed Bernard's opinion that Descartes had introduced a "fantastic and unreal" anatomy. He clarified Descartes was "a philosopher, not a physiologist." However, Foster did retain Descartes as a scientific hero fitting in the general trend of the mechanical explanation of life. Foster concluded in Huxleyan terms: "[…] indeed a very little change in the details of Descartes's exposition and some of that hardly more than a change in terminology would convert that exposition into a statement of modern views […] Descartes's exposition will not appear so wholly different from the one which we give today." Version auteur de : J.G. Barbara. « The Figure of Descartes in Neuroscience: relating to the Histories of Nerve Physiology, Reflex Action and Emotions », in Tad Schmatz, Denis Kambouchner, Damien Lacroux (éds.), volume à paraître en 2024.

  Over the years, the Descartes they built became a vanishing idealized figure taken up in the general histories of neurology and in the general accounts of the history of the neurosciences.For example,Garrison (1913) portrays Descartes as the "leader of seventeenth century physiological thought" who did not completely grasp the concept of the reflex. But Garrison defined this concept in so broad a manner that he credited Fernel for its introduction in the case of eyelid closure. Before World War II, such figures of Descartes were the object of scientific debates, around the books of Franklin Fearing, Charles Sherrington and Georges Canguilhem, in order to decide whether Descartes had introduced the reflex concept. Following Sherrington, Canguilhem tried to argue Descartes should step aside in favor of Willis whose concept was considered as more elaborate and systematically worked out and used. But on the whole, until the end of the 1990s, historians of the neurosciences rather have neglected Descartes. Version auteur de : J.G. Barbara. « The Figure of Descartes in Neuroscience: relating to the Histories of Nerve Physiology, Reflex Action and Emotions », in Tad Schmatz, Denis Kambouchner, Damien Lacroux (éds.), volume à paraître en 2024.1.3. The Revival of the Neuroscientific DescartesAt the end of the 1990s, neuroscientist ChristopherSmith (1930-2013), a founding member of the International Society for the History of the Neurosciences, valued colleague and prolific writer, wrote several articles on his novel intellectual hero, René Descartes. Focusing on detailed accounts of Descartes's "pineal neurophysiology" and passions, his best studies concerned the defense of Descartes's originality versus Saint Augustine on sense physiology and psychic faculties, and the relics of the cardiocentric view in Descartes' writings.

  Lacrouxproposes the philosophy and the history of the neurosciences share the common goal of bringing closer together Cartesian dualism and union, the brain and the soul (mind), therefore escaping the one-sided view of the Cogito based on metaphysics only, the root of Descartes's tree of knowledge. The trend of the embodied Descartes aims at looking also at the trunk (physics) and the branches of Descartes's tree (medicine, mechanics and morals) and at how Descartes conceived of man not only from the metaphysical perspective.The embodied Descartes considers the Cartesian body as a whole in itself, however inhabited, with its own specific properties. Therefore, if the history of philosophy can show how Descartes can be understood in this perspective, the history of the neurosciences can provide specific tools in order to demonstrate how Descartes designed the properties of his model body which can be uncovered by referring to current neuroscientific knowledge in subtle comparisons.Version auteur de : J.G.Barbara. « The Figure of Descartes in Neuroscience: relating to the Histories of Nerve Physiology, Reflex Action and Emotions », in Tad Schmatz, Denis Kambouchner, Damien Lacroux (éds.), volume à paraître en 2024.

  perspective can be applied to some paths of enquiry into the Neuroscientific Descartes on sensation, nerve physiology, reflex action and emotions following two distinct perspectives. A first perspective analyses some examples of Descartes's physiological theories in detail, sometimes debunking the complex mechanisms involved, with the goal of finding the right place of Descartes among other scientists in these historical investigations; a parallel second perspective more occasionally addresses the theoretical relations between Descartes's ideas and neuroscientific knowledge therefore demonstrating their relevance. Both perspective show how historians of neuroscience can work to better demonstrate the interest of Descartes's physiology and its place in history.

  . « The Figure of Descartes in Neuroscience: relating to the Histories of Nerve Physiology, Reflex Action and Emotions », in Tad Schmatz, Denis Kambouchner, Damien Lacroux (éds.), volume à paraître en 2024. The operation of nerve fibers is sketched by Descartes early in the Traité de l'Homme and this description complies with what appears as a first version of reflex action. 35Not surprisingly, the description of the child withdrawing his foot from a fire follows immediately. Although Descartes adopts the idea that all nerves are mixed in nature, being both sensitive and motor,36 he nevertheless clearly distinguishes between a sensory centripetal transmission to the brain (1), a central brain mechanism (2), and a centrifugal nervous action on muscles (3).

  . « The Figure of Descartes in Neuroscience: relating to the Histories of Nerve Physiology, Reflex Action and Emotions », in Tad Schmatz, Denis Kambouchner, Damien Lacroux (éds.), volume à paraître en 2024.Between Descartes and modern neuroscience, it is important to consider the immediate and more distant posterity of his physiology of sensation, but also of muscular contraction. In this way, we can better understand how certain aspects of Descartes's work may have influenced the evolution of physiology and psychophysiology, often in an underground, and unobtrusive way. As far as the follower of Descartes, Nicolas Malebranche (1638-1715), is concerned, despite his metaphysical positions excluding the Cartesian union,[START_REF]Malebranche did however finally admit a causal role of the union of mind and body in sensation[END_REF] Malebranche can be considered to have helped make Descartes's physiology known and, above all, to have shown its interest in explaining psychological phenomena[START_REF]Even if Malebranche relies on reported facts without critical approach. However, Malebranche develops interesting models of memory and imagination. 40 There is a large body of literature concerning David Hume's or John Locke's reading of Malebranche. Also Locke (1690) develops psychological models involving animal spirits in a manner shared by other later empiricists[END_REF] , particularly passions among English and Scottish empiricists.40 Malebranche advocated psychological explanations involving nervous filets, their esprits animaux and traces du cerveau in a perspective John Locke did not finally reject and which was expanded among some empiricists.Finally, it is equally enlightening to uncover the outspoken criticisms of some aspects of Descartes's physiological theories made by his followers.This enables us to understand the Cartesian dogmatic medical background which he could not escape fully, and some of which originates in ancient medicine, such as the idea that most nerves are both sensory and motor, or that contracted muscles are inflated with a fluid, namely the animal spirits of the nerves. This hydraulic model was found to be unsuitable because of the "instantaneous" nature of muscle contraction. For this reason, Thomas Willis developed a model based on the analogy with gunpowder which preserved the theory of animal spirits, but attributed to them the chemical property of causing detonation on contact with the blood chemical elements contained in the muscle. On this point Jan Swammerdam went further than Willis, when he rejected the implication of animal spirits, before the analogy with electricity, demonstrating on an isolated nerve-muscle preparation that nerve stimulation Version auteur de : J.G. Barbara. « The Figure of Descartes in Neuroscience: relating to the Histories of Nerve Physiology, Reflex Action and Emotions », in Tad Schmatz, Denis Kambouchner, Damien Lacroux (éds.), volume à paraître en 2024. of contraction did not involve any variation in muscle volume, as expected with the Cartesian hydraulic model. 2.2. Descartes, Müller and Helmholtz on the Specific Energies of the Nerves The second degree of sensation which Descartes describes in his response to the sixth objections to the Méditations, "contains all which immediately result from the mind […], as the feeling of pain, tickling […]," 41 as a consequence of the union of the soul and the body, the sense organs in particular. The analyses of Descartes's conceptions relating to these sensations have occasionally been analyzed from the perspective of the history of the neurosciences, but they are generally overlooked. A good example concerns the history of the theory of the specific energies of the nerves, German physiologist, Johannes Müller (1801-1858), is generally credited for, without much critical judgment. Nevertheless, psychologist and great historian of psychology, Edwin G. Boring, (1886-1968), together with a few past and more recent authors, understood how Descartes belongs to this history, but with no explanation, vaguely referring to the Principes and the Dioptrique without quotations. The modern formulation of the initial theory of Müller may be that external objects are perceived only by the activity of sensory nerves transmitted to the brain and not by their immanent light or colors. But this idea is already clearly expressed in Descartes where it is formulated on several occasions! First when he uses pathological and clinical observations, with the pain of a phantom limb due to the cut sensory nerves excited at the level of the section, and not due to any external object squeezing the limb. 42 Also, in his Version auteur de : J.G. Barbara. « The Figure of Descartes in Neuroscience: relating to the Histories of Nerve Physiology, Reflex Action and Emotions », in Tad Schmatz, Denis Kambouchner, Damien Lacroux (éds.), volume à paraître en 2024.

  distinguishes a sensory centripetal transmission to the brain by stretched nerve fibers, a central brain mechanism involving opening of brain pores from which animal spirits flow, and a centrifugal flow of animal spirits in the nerves and muscles. These actions can occur without the soul and they are dependent on the arrangements of nerves in a necessary and sufficient way so as to induce the same movements.Before examining this reflex mechanism according to other sources from Descartes, it is necessary to dismiss Canguilhem's main arguments, while stating clearly when we agree with his other views. We follow Canguilhem when he agrees that Descartes "is the first to substitute the confused notion of sympathy for the quasi mathematically clear notions of the arrangement of organs and mechanism […] to the explanation of human behavior" 54 , which is in line with the first definition of the reflex. This is all the more remarkable that later authors on emotions before Alexander Bain are found to still use the sympathy concept.Then Canguilhem asks whether Descartes should stand among those who contributed to the denomination and to the definition of the concept of the reflex.55 To such a question, we still agree with Canguilhem that the response should be negative. But Canguilhem goes on further showing erroneously that Descartes did not build any sketch (esquisse) of the Version auteur de : J.G. Barbara. « The Figure of Descartes in Neuroscience: relating to the Histories of Nerve Physiology, Reflex Action and Emotions », in Tad Schmatz, Denis Kambouchner, Damien Lacroux (éds.), volume à paraître en 2024.
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of

  Descartes is attributed to a disagreement on philosophical grounds and because there is no point in quoting what everyone knows. This was noted by D. Kambouchner concerning W. James or A. Damasio, but this is a trend including physiologists. If we intend to reintroduce Descartes in the neuroscientific history of emotions, a first and specific task becomes to study two general main trends of the philosophy and the physiology of emotions, which seem at first conflicting, but which unite over time. According to the first trend, emotions are sensations of bodily reactions induced by external objects or imagination, whereas the second trend sees bodily reactions as a consequence of emotions arising in the brain or specific brain regions. The production of passions in Descartes's scheme, as analyzed by D. Kambouchner, G. Hatfield and D. Lacroux, is at the same time innovative, complex and ambiguous, since it relates to both trends. But the ambiguity of Descartes's texts concerns points which are still relevant to present day neuroscience. We suggest Descartes's ambiguity was intentional, in accord Version auteur de : J.G. Barbara. « The Figure of Descartes in Neuroscience: relating to the Histories of Nerve Physiology, Reflex Action and Emotions », in Tad Schmatz, Denis Kambouchner, Damien Lacroux (éds.), volume à paraître en 2024. with common sense experience and the degrees of consciousness of reflex actions. A first ambiguity concerns whether the arisal of fear follows what happens in a subject being placed in front of a beast consciously recognized as such, or rather in the rapid involuntary and unconscious act of a subject placed for example in front of a dark unrecognizable figure. Common sense experience shows both are possible, with a sort of continuum between them, when the reaction becomes conscious after some variable delay. According to the article 36 of the Passions, the process of occurrence of the emotion of fear in a man in front of a beast begins if the image of the beast in the pineal gland "has much to do with those things previously harmful to the body." Descartes suggests a sort of recognition. This first ambiguity can be linked to the debate on awareness in fear conditioning.

  neuroscientific form. Up to now little has been done to establish such an interdisciplinary history of emotions, besides the studies by Th. Dixon and C. Wassmann, the philosophical comparisons of emotion theories by D. Kambouchner and G. Hatfield and cultural studies mostly outside the scope of our overview, besides the classical and simplistic neuroscientific mythology bridging the James-Lange theory to modern neurosciences.

  In parallel withDescartes, Bell follows the theme of the union as a basis for emotions where bodily reactions and mind are joined together. Therefore, Bell concludes the "outward signs of the passions[…] cannot be traced to the direct influence of the mind." 85 From Bell's description, it seems that the reason why he accepted this bold view which refers to Descartes's border case was his awareness of the integrated nervous and muscular actions of the body in the onset of emotions and the low degree of consciousness and of possible action of the mind on the involuntary changes observed in the heart and during breathing. Therefore, it seems clear to us that Bell's bold theory of emotions was forged in the context of a careful reading of Descartes in a background of trenchant and harsh criticisms of the French philosopher.Version auteur de : J.G.Barbara. « The Figure of Descartes in Neuroscience: relating to the Histories of Nerve Physiology, Reflex Action and Emotions », in Tad Schmatz, Denis Kambouchner, Damien Lacroux (éds.), volume à paraître en 2024.

  Version auteur de : J.G.Barbara. « The Figure of Descartes in Neuroscience: relating to the Histories of Nerve Physiology, Reflex Action and Emotions », in Tad Schmatz, Denis Kambouchner, Damien Lacroux (éds.), volume à paraître en 2024.

  . « The Figure of Descartes in Neuroscience: relating to the Histories of Nerve Physiology, Reflex Action and Emotions », in Tad Schmatz, Denis Kambouchner, Damien Lacroux (éds.), volume à paraître en 2024. These early studies were in fact carrying on lesional studies of the brain with an emphasis on emotion. This trend continues to present time with the milestones of the Lange theory. Sherrington considered the James-Lange theory returned to Descartes along our first trend, while Sherrington was engaging in the second trend. The story continues still along this line with Walter B. Cannon's studies opposing the James-Lange theory and proposing some located brain mechanism of the thalamus, and with the rehabilitation of the James-Lange theory within the second trend of precisely locating the neural circuits of emotions, notably in the amygdala. Finally both trends became united. Therefore, we conclude our prospect and initial overview of the Neuroscientific Descartes convinced that historians of the neurosciences can take part to Cartesian studies concentrating on the embodied Descartes and on the rehabilitation of his scientific work on the physiology and psychology of man, in past and current scientific perspectives, bridging history, philosophy, epistemology and science in the manner Descartes managed to bridge the disciplines of his tree of knowledge. 98 Jean-Gaël Barbara CNRS, Paris France. Version auteur de : J.G. Barbara. « The Figure of Descartes in Neuroscience: relating to the Histories of Nerve Physiology, Reflex Action and Emotions », in Tad Schmatz, Denis Kambouchner, Damien Lacroux (éds.), volume à paraître en 2024.
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	union with the body and not the soul itself as a pure metaphysical object
	which escapes science.
	However, Descartes's separation of body and soul (mind) may only
	comply with some of the specific modes of reasonings of neuroscience on
	mechanisms and functions, while others related to a neo-dualism are left
	aside. However, the above quoted philosophers all emphasize the central role
	of the union in Descartes's psychophysics. For example, Gideon Manning has
	corresponding mechanisms relevant to explaining body functions (including
	psychological) in a manner which can draw parallels with past and more
	recent conceptions, focusing on the operations of the mechanisms as
	explanations of functions defined at the level of the human body or of the
	subject.

argued that, although the Sixth Meditation of Descartes separates body and mind, Descartes himself "refrains" from describing a body without a mind.

Manning finally suggests that, although the creation of the Cartesian body and soul can be both conceptually distinct acts by God (which justifies the immortal soul), they may "result in an essential combination," 25 in keeping with reciprocal causality and the identity theory of neuroscience, and with what Denis Kambouchner defines as co-implication.

Thus such a general epistemological framework, where Descartes and neuroscience meet, makes it possible to draw parallels between the mechanisms and functions of the first with those of the latter, within a functional approach. But as a matter of fact, comparison is of limited interest when it concerns Cartesian mechanisms and its operations with modern neuroscientific cellular and molecular mechanisms. Rather, the goal of the history of the neurosciences is to characterize Descartes's model of the human body, and soul united, by the precise description of its properties and
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  Version auteur de : J.G.Barbara. « The Figure of Descartes in Neuroscience: relating to the Histories of Nerve Physiology, Reflex Action and Emotions », in Tad Schmatz, Denis Kambouchner, Damien Lacroux (éds.), volume à paraître en 2024.Du Laurens (1558-1609) before him. These terms reflected the smallest anatomical parts visible making any kind of flesh or solid (as also in glass or gold30 ), an idea generalized at the time of Descartes and known among historians of science as the fibrillar theory.[START_REF]The Figure of Descartes in Neuroscience: relating to the Histories of Nerve Physiology, Reflex Action and Emotions[END_REF] Descartes's concept of nerve fibers (filets des nerfs) is developed in parallel with the concept of muscle fibers, with the idea noted by Canguilhem that these fibers are stretched for their effective operation. During a vivisection experiment on heart contraction in a young rabbit, Descartes observed "stretched [muscular] fibers" holding the two ventricles together.32 

  . « The Figure of Descartes in Neuroscience: relating to the Histories of Nerve Physiology, Reflex Action and Emotions », in Tad Schmatz, Denis Kambouchner, Damien Lacroux (éds.), volume à paraître en 2024. Version auteur de : J.G. Barbara. « The Figure of Descartes in Neuroscience: relating to the Histories of Nerve Physiology, Reflex Action and Emotions », in Tad Schmatz, Denis Kambouchner, Damien Lacroux (éds.), volume à paraître en 2024.

	Descartes's views on phantom limbs and the blow on the eye also
	suggest that moving the threads inside the nerves represents a common action
	which can be induced by intermediate parts in various ways and cause
	sensation. This accords with the first formulation of the theory of the specific
	energies of the nerves by Johannes Müller, in his study on vision (Müller
	1829). According to Müller, external objects affect sensation by the activation
	of the visual sense substance (sensory nerves and sense organs) also as a
	common nervous action.
	Such mechanisms, somewhat different from the mechanism of
	stretched fibers, are imagined by Descartes to explain what Müller
	characterized as the transmission of a quality or a state of the sensory nerves
	to consciousness. They are to be found in the Traité de l'Homme, when
	Descartes comes to describe the senses of his machine and how they can relate
	to those of man. 48 There is however no definite statement of Descartes
	describing nerve mechanisms accounting for different sensations, but some
	general ideas appear if we compare all the manners the nerve fibers are moved
	during diverse sensations. 49

Müller's view can be compared to Descartes's more explicit statement of the Principles.

[START_REF] At | The Figure of Descartes in Neuroscience: relating to the Histories of Nerve Physiology, Reflex Action and Emotions[END_REF] 

Thus, similarly to Müller, Descartes expresses the idea that the faculty of objects to cause sensation depends only on their power to induce some movements in the nerves.

It appears that this general assessment of Descartes comes, as with

Müller, from his study on vision, in the Dioptrique. Descartes defines "six qualities of objects", as light and color, 46 which induce movements in the nerves "in a unique manner," 47 referring to a similar mechanism of sensory nerve action which may excite sensation.
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  Brown in this historical line, but then the relation to Descartes should be highlighted as well for the obvious reasons developed below. At first glance, Brown does seem very much concerned with Descartes and his French followers. But Dixon noticed Brown's perspective of clearly Version auteur de : J.G. Barbara. « The Figure of Descartes in Neuroscience: relating to the Histories of Nerve Physiology, Reflex Action and Emotions », in Tad Schmatz, Denis Kambouchner, Damien Lacroux (éds.), volume à paraître en 2024.distinguishing the intellectual and the "emotional feelings", as adopted by Bain, McCosh, Baldwin and Sully, which we attach to Descartes. Also, Brown presents wonder as one the first "immediate emotions", in keeping with Descartes. 69 Finally, Brown conceives of fear as an emotion and as an "associate feeling" which "continues to be still more readily suggested again, at every moment, by the objects that suggested it, and with the perception or conception of which it has recently coexisted," 70 which relates to the Cartesian cycle of emotion, although body movements are not yet included by Brown. Moreover, we could find a strong and long statement of Brown where he clearly shows both admiration and some degree of criticism towards Descartes, the "famous modern" as he calls him. 71 It is possible to unravel many more aspects that relate Brown and Descartes, involving intermediate figures. Therefore it seems clear that Descartes belongs to the first trend of the history of emotions, not only on philosophical grounds, but also from the viewpoint of the history of science. Version auteur de : J.G. Barbara. « The Figure of Descartes in Neuroscience: relating to the Histories of Nerve Physiology, Reflex Action and Emotions », in Tad Schmatz, Denis Kambouchner, Damien Lacroux (éds.), volume à paraître en 2024. beginning of his new essay with his ironic comparison of Descartes with God. 73 This grandiloquent stance differs much from that of the first essay where Bell presents himself as a humble anatomist, physiologist and surgeon interested in the relations between the mind and the body. It is clear, since Bell refers to it himself, that this change is due to the fame he acquired not long ago in his studies of the organizations of nerves and muscles. With these discoveries Bell's novel authority seems to justify his new essay. Moreover, both discoveries and drawings have led to Bell's concept of the "frame of the body" which refers to the functional organization of nerves and muscles of the body, and then concentrates on the functional muscular architecture of the face.

	However the historical relations between Descartes and Brown, in the study of
	emotions, are rather scarce, and they become more interesting with Bell,
	although they have been also generally overlooked.
	As an anatomist and physiologist, Bell performed studies on nerves
	and muscles, in particular those of the eye-ball. He worked in the paths of
	Descartes on antagonist muscles and facial expressions. Early in his career, in
	1806, he was interested in bridging his two passions, namely anatomy and
	painting, with his "Essays on the anatomy of expression in painting," intended
	for painters.
	In 1824 Bell rewrote his essays with a new title, 72 after his discoveries
	on facial nerves. Bell's relation with Descartes's work is made clear at the
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  […] of intellectual operation" which "serves for the development of certain states or conditions of the mind." 81 Concerning the states of emotion, Bell sees them as "certain Version auteur de : J.G. Barbara. « The Figure of Descartes in Neuroscience: relating to the Histories of Nerve Physiology, Reflex Action and Emotions », in Tad Schmatz, Denis Kambouchner, Damien Lacroux (éds.), volume à paraître en 2024.